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Preface

Ethnobotany is essentially an important branch of plant science, which deals with the study of the relationship 
between plants and people. Since time immemorial, people are using plants for food, medicine, shelter and 
agriculture. These plants are mostly used by rural and tribal people for their livelihood. Unfortunately, this 
traditional knowledge is being lost because it is not being preserved. 

The book discusses the current research on ethnobotany and includes the most important investigations 
of Latin America, Africa, Asia, Egypt, Europe and other parts of the world, where plants are used as 
medicines by people in general and tribes in particular. In fact, this book incorporates important studies 
based on ethnobotany of different geographic zones. 

More specifically, the book incorporates description about ethnomedicinal plants used in Latin America 
since the Latin American ethnobotany is less known beyond South America. This book covers medicinal 
and aromatic plants, ethnopharmacology, bioactive molecules, plants used in cancer, hypertension, disorders 
of central nervous system, and also as antipsoriatic, antibacterial, antioxidant, antiurolithiatic, etc. Each 
chapter has been written by one or more specialists in the concerned topic. 

The book would be very useful for a diverse group of readers including plant scientists, pharmacologists, 
clinicians, herbalists, natural therapy experts, chemists, microbiologists, NGOs and those who are interested 
in traditional therapies. The students should find this book useful and reader friendly.

José L. Martinez 
Amner Muñoz-Acevedo

Mahendra Rai
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Some Medicinal and Aromatic Plants 

Used for the Treatment of Cancers/

Tumors, with Special Reference to  

Its Scientific Validations
Amner Muñoz-Acevedo,1,* María C. González,1 Sandra M. Rodríguez,2 

Martha Cervantes-Díaz3 and Carlos E. Díaz4

Introduction

Cancer is one of the main diseases causing morbidity/mortality (second cause of death) in the world and 
the main factor considered for its development/progression/death is heredity, though other factors could 
also contribute siJnificantly �e.J., behaYioral, labor and dietary risks, and Yiruses�. )or this reason, a timely 
cancer diaJnosis is reTuired in order to receiYe the adeTuate treatment, e.J., radiotherapy, chemotherapy, 
and surJery, or combination thereof, Zhich are the most freTuent therapeutical alternatiYes. ,f the cancer 
is detected and treated early, it has a hiJh cure rate. %ased on the statistical data recorded up to ����, 
ca. �� million of people Zere diaJnosed, ca. � million of them died, and it is e[pected to increase ca. �� 
million of people diaJnosed for ����. The cancers that produced the most deaths Zere lunJ cancer, liYer 
cancer, colorectal cancer, stomach cancer, and breast cancer; it is very important to emphasize that cancer 
mortality is hiJher in men than in Zomen ��.� men�� Zoman�.

6ince ���� until ����, the most prestiJious multinational pharmaceutical companies �e.J., 1oYartis, 
%ristol�Myers 6Tuibb, %oehrinJer ,nJelheim, %ayer +ealth&are, etc.� haYe reJistered ca. ��� druJs for 
treatment of cancer and palliatiYe care in the 8.6. )'A aJency, Zhich has approYed them for marketinJ. 
'espite this, the pharmaceutical industries are in a search of neZ druJs for the treatment of cancer,  
Zith hiJhest effectiYeness, and loZest to[icity and side effects� some actiYe pharmaceutical inJredients  

1 &hemistry and %ioloJy 5esearch *roup, 'epartment of &hemistry and %ioloJy, 8niYersidad del 1orte, %arranTuilla, 
&olombia.

2 (conomic Analysis *roup, &aribbean (conomic 6tudies ,nstitute � 'epartment of (conomy, 8niYersidad del 1orte, &olombia.
3 (nYironmental 5esearch *roup for 6ustainable 'eYelopment, (nYironmental &hemistry )aculty, 8niYersidad 6anto Tomis, 

%ucaramanJa, &olombia.
� 3hotochemistry and 3hotobioloJy 5esearch *roup, 'epartment of &hemistry, 8niYersidad del Atlintico, %arranTuilla, 

&olombia.

 &orrespondinJ author� amnerm#uninorte.edu.co
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�f.i., afatinib, belinostat, cabo]antinib, eribulin, niYolumab, etc.� obtained by means of chemical synthesis 
haYe been effectiYe for treatment of some types of cancers. %esides producinJ synthetic druJs, some 
bioloJically actiYe molecules �e.J., etoposide, teniposide, topotecan, irinotecan, paclita[el, and Yinblastine�
Yincristine� aJainst cancer haYe also been isolated from plants �e.J., Podophyllum peltatum, Camptotheca 
acuminate, Taxus brevifolia, and Catharanthus roseus� and approYed by )'A for use.

,n the scientific literature, numerous articles haYe been published about plants that haYe presented 
cytoto[icity�antiproliferatiYe�antitumor properties on different cell lines, Zhich haYe proYed to be 
promisinJ. 1eYertheless, some of them Zere not ³medicinal plants´, or if they Zere medicinal plants 
did not have ethnobotanical uses for treatment of cancer; thus, the anticancer activity was the result of 
³serendipity´. ,n contrast, other medicinal plants that haYe been used in ethnomedicine for treatment of 
cancer, Zhen they Zere tested on cancer cell lines did not haYe any effectiYity. Therefore, after a thorouJh 
review of medicinal plants with anticancer/antitumor properties, evidenced in the traditional medicine and 
scientifically Yalidated, Zere selected ca. �� plants, most of them from the ethnobotanical point of YieZ, 
Zere useful to treat cancer in Jeneral, Zhose ��� inhibition�lethal�effectiYe concentration�dose Yalues 
Zere loZer than �� �J�mL or �� mM.

)inally, the patent analysis related to the deYelopment of anticancer�antitumor druJs from the 
plants selected allowed to establish that the highest number of patents by plant was for Solanum lyratum  
��� patents�, folloZed by Curcuma longa ��� patents�, Marsdenia tenacissima ��� patents�, Sarcandra 
glabra ��� patents�, and Withania somnifera ��� patents�. Most of these patents Zere related to the plant 
fractions�e[tracts �e.J., Annona squamosa, C. longa, M. tenacissima, etc.� and only some patents Zith 
isolated compounds �e.J., saponin mi[ture from M. tenacissima, etc.�.

This chapter Zill discuss some medicinal�aromatic plants ethnobotanically recoJni]ed by their 
efficacy for the treatment of cancers�tumors, Zhose bioloJical properties �e.J., cytoto[icity, antineoplastic, 
antiproliferatiYe, and antitumor actiYities� haYe been scientifically Yalidated.

Cancer: general aspects

As reported by ,nternational AJency for 5esearch on &ancer of :orld +ealth 2rJani]ation in its Zebsite 
�:+2 ����� ³cancer is related to a set of diseases´ affectinJ some orJans and tissues, in Zhich cells 
constitutinJ them underJo an alteration�modification in the cell cycle causinJ them to be diYided�replicated 
Zithout control. The abnormality in cell behaYior �cycle altered� is a conseTuence of chanJes in Jenes, 
e.J., proto�oncoJenes �normal cell JroZth�diYision�, tumor suppressor Jenes �control cell JroZth�diYision�
�LeYine et al. �����, and '1A repair Jenes �fi[inJ damaJed '1A�, Zhich JoYern the main cell functions. 
Therefore, cancer could be the result of a ³Jenetic disease´, and in this Zay, the modified Jenes could be 
inherited from parents to children. LikeZise, there are other factors �besides the Jenetic� inYolYed Zith the 
development and progression on cancer such as behavioral (tobacco/alcohol abuses, sedentary lifestyles) 
and dietary �bad food habits� factors, and enYironmental �chemical substances�physical e[posures� risks.

Cancer is one of the main diseases causing morbidity/mortality (second cause of death) in the world: 
in ����, ca. � million of people died, and the most common cancers that Zere related to death Zere lunJ 
cancer �a �.� million�, liYer cancer ���� thousand�, colorectal cancer ���� thousand�, stomach cancer 
���� thousand�, and breast cancer ���� thousand� �M('6�A+54 �����. AccordinJ to the statistical data 
recorded in ����±����, the preYalence of cancer by sickness �neZ cases� and deceases Zere ca. ��� neZ 
cases������� men�Zomen�year and ��� death������� men�Zomen�year. ,n ����, ca. �� million of people 
Zere diaJnosed and it is e[pected to increase ca. �� million for ����. ,t is Zorth hiJhliJhtinJ that mortality 
by cancer is hiJher amonJ men ���� death������� men� than Zomen ���� death������� Zomen�.

Africa, Asia, and &entral and 6outh America are the most affected reJions of the Zorld by this chronic 
disease� ��� of deaths occur in the loZ� and middle�income countries, attributable to that only one in 
fiYe countries haYe necessary data and public proJrams �adYertisinJ and preYention� aJainst the cancer. 
,n ����, the total annual cost of this sickness Zas estimated ca. 86' � �.� trillion, conYertinJ it into a 
disease Zith a hiJh economic impact for the countries and the Zorld. ,t is Yery important to state that 
the estimated costs did not include the indirect charJes� that is, all the reTuired e[penditures �family and 
labor budJets, etc.� for patients to participate in the treatment, Zhich can sometimes eTuali]e the direct 
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costs �6inJleterry �����. 2ne of the reasons for hiJh economic impact is due to the fact that most druJs 
aYailable on the market, used for treatment of cancer are Yery e[pensiYe, and these druJs are JettinJ 
increasinJly costlier as they Jet more comple[� also, the costs for patients are related to both the cateJory 
and the spread of treatment. AccordinJ to the 8.6. 1ational %ureau of (conomic 5esearch, betZeen ���� 
and ���� the prices of cancer druJs had an increase of ��� per year. *iYen the steady rise in prices, the 
estimates shoZ that payments for druJ aJainst cancer could rise from 86' � ��� billion in ���� to 86' 
� ��� billion in ���� �*oldstein et al. �����.

)iJure �.� shoZs the distribution by the number of cancer deaths ������ in aJreement to Jender, types 
of cancer �most common�, JeoJraphic location and the Zorld, based on data of *L2%2&A1 ���� Zebsite 
�:+2 �����. As can be obserYed in the fiJure, there Zere a siJnificant difference amonJ reJions and Jender 
in the number of deaths by types of cancer, f.i., cancers of liYer, stomach, and cerYical Zere hiJhly correlated 
to the reJion�deYelopinJ leYel� in the same sense, ��� of deaths of Zomen due to stomach�liYer cancers 
Zere in more�deYeloped reJions� Zhilst, ��±��� Zere in less�deYeloped reJions. The hiJhest number of 
deaths Zas related to a hiJher occurrence of lunJ cancer, mainly in males� hoZeYer, tZo specific cancers 
�breast and cerYi[� for females Zere the second cause of mortality. ,t should be noted that colon�rectal and 
prostate cancers Zere persistent �preYailed�, reJardless of the reJions �less�deYeloped�more�deYeloped, 
e[cept the America�reJion�, indicatinJ the aJJressiYeness of these types of cancers. )or the year ���� 
�based on 8.6.A. 1ational &ancer ,nstitute Zebsite� �1&, ����� the most common cancers Zere proMected 
as: breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer, bladder cancer, 
melanoma of the skin, kidney and pelYis cancer, leukemia, endometrial cancer, and pancreatic cancer.

Text mining about cancer, medicinal plants and scientific validation

ThrouJh a preliminary reYieZ of some medicinal plants�species, Zhose anticancer�antitumor properties 
�eYidenced in traditional medicine� haYe been scientifically Yalidated, ��� species�plants Zere identified� 
and based on these medicinal plants a search equation was structured into the Scopus database including 
title-abs-key, doctype and pubyear > 1999. ,n correspondence, ���� reJisters Zere found. )reTuency of 
publication monitored, in aJreement to the numbers of articles�year concerninJ indiYidual�specific medicinal 
plants reported with ethnobotanical information and effectiveness for the treatment of cancers/tumors, 
toJether Zith scientific Yalidation, is shoZn in the )iJ. �.�. %ased on the timeline selected �����±�����, 
since ���� an e[ponential JroZth in the reJister numbers on this theme Zas obserYed, ����±���� beinJ 

Fig. 1.1
 6ource� 'ata Zere taken of *L2%2&A1 ���� Zebsite �:+2 �����. *raph elaborated by authors.

1200

1000

800

600

400

200

0
Men Women Men Women Men Women Men Women Women Women Men

682

491 521

281

113
35 43

149

441

224
182

374
320

198

324

522 522

324
266

230
307

165

254
186

Lung  Liver Colorectal Stomach Breast Cervix Prostate

World More developed regions Less developed regions WHO Americas region (PAHO)

1099



� Ethnobotany:  Application of Medicinal Plants

the years Zith the hiJhest article production Zith ���±��� records. :ith the aid of 'e 6olla 3rice¶s LaZ1 
�'e 6olla 3rice ����� it Zas possible to estimate durinJ this period, the JroZth rate �percentaJe Yalue�
year� of the articles related to this subMect, Zhich Zas ��.���year.

Pursuant to the search equation preceding it was also found that the most studied plants related 
to anticancer properties �aJainst more than fiYe types of cancers� haYe been C. longa ���� articles�,  
V. album ���� articles�, A. vera ���� articles�, C. roseus ��� articles�, U. dioica ��� articles�, and A. muricata  
��� articles�. ,n the same Zay, the main types of cancers e[amined, in aJreement to the numbers of 
registers found (from highest to lowest), were: breast cancer, colon cancer, lung cancer, prostate cancer, 
colorectal cancer, etc. Zith ��� records, �� records, �� records, �� records, �� records, etc., respectiYely. 
A correlation matri[ Zas constructed �)iJ. �.��, based on the preYious search eTuation, to establish the 
relationships betZeen ��� medicinal plants and the different types of cancers. The fiJure shoZs that breast 
cancer was mainly correlated with V. album ���� records�, folloZed by C. longa ��� records�, and A. vera  
��� records�� similarly, C. longa ��� reJisters�, alonJ Zith V. album (13 registers), and A. vera �� reJisters� 
Zere correlated Zith colon cancer, predominantly.

Traditional drugs used as therapeutical agents against cancer

6ince ���� until ����, the most recoJni]ed multinational pharmaceutical companies haYe reJistered ca. 
��� druJs for treatment of cancer and palliatiYe care in the 8.6. )ood and 'ruJ Administration �)'A� 
aJency, Zho has approYed them for use and marketinJ �)'A �����. ,n spite of these achieYements, the 
pharmaceutical industries are in continuous search of new drugs for the treatment of cancer, with highest 
effectiYeness, and loZest to[icity and side effects. %esides producinJ synthetic and hemisynthetic druJs, 
some biologically active molecules against cancer have also been isolated from plants and approved by 
)'A, e.J., etoposide �1) and teniposide (2) (both compounds isolated from Podophyllum peltatum e[tract� 
�'amayanthi and LoZn ����� are the actiYe inJredients of tZo druJs Zith the trade names of (topophos®, 

1 'e 6olla 3rice¶s LaZ results from the obserYation of the JroZth in the number of science papers published. As has been 
obserYed²Zith reliable records since the ��th century�, scientific articles haYe an almost constant JroZth rate, takinJ into 
account both the set of science publications in all disciplines considered as a Zhole, and the one of each discipline separately.

Fig. 1.2
6ource� %ibliometry 8nit ± &5A,�Library, 8niYersidad 6anto Tomis �%ucaramanJa�. &alculations based on 6copus information 

�(lseYier, %.9., �����, processed Zith 9antaJe3oint softZare �VP Student, Search Technology�.
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and 9umon®, respectively; the camptothecin derivatives, topotecan (3) and irinotecan (4), isolated from 
Camptotheca acuminata �trade names +ycamptin® and Camptosar®�.TZo of the most important and 
successful e[amples are paclita[el �5� �ta[ol®) and vinblastine (6)/vincristine (7) alkaloids (velban®/
oncovin®� �%re]a et al. ����� isolated correspondinJly, from Taxus brevifolia, and Catharanthus roseus. 
These tZo druJs are used for treatment of seYeral cancers� ta[ol® is applied to treat the cancers of breast, 
lunJ, cerYical, and pancreatic, and sarcoma, etc.� Yelban®/oncovin® is used for leukemia, neuroblastoma, 
melanoma, lymphoma, and lunJ cancer, etc.

Fig. 1.3
6ource� %ibliometry 8nit ± &5A,�Library, 8niYersidad 6anto Tomis �%ucaramanJa�. &alculations based on 6copus information 

�(lseYier, %.9, �����, processed Zith 9antaJe3oint softZare �VP Student, Search Technology�.
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Scientific validation of medicinal plants ethnobotanically recognized by 
their effectiveness for the treatment of cancers/tumors

,n the scientific literature, numerous articles haYe been published about plants that haYe presented 
cytoto[icity�antiproliferatiYe�antitumor properties on different cell lines, Zhich haYe proYed to be 
promisinJ �5pthy et al. ����, &ates et al. ����, 5aYipati et al. �����. 1eYertheless, some of them Zere 
not ³medicinal plants´, or if they Zere medicinal plants did not haYe ethnobotanical uses for treatment of 
cancer �Mena�5eMyn et al. ������ thus, the anticancer actiYity Zas the result of a ³serendipity´. ,n contrast, 
other medicinal plants that have been used in ethnomedicine for treatment of cancer, when these plants 
Zere tested on cancer cell lines did not haYe any effectiYity �Alonso�&astro et al. ����, 6chmidt and &henJ 
�����. This document dealt Zith some medicinal plants ethnobotanically recoJni]ed by their efficacy for 
the treatment of cancers�tumors, Zhose bioloJical properties haYe been scientifically Yalidated. Table �.� 
contains a list of �� medicinal plants used for the treatment of cancer�tumor alonJ Zith forms eYaluated of 
plant preparations and cell lines tested. Additionally, the discussion about anticancer�antitumor properties 
of plants listed Zas carried out principally based on type�s� of e[tract�s� or actiYe compound�s� isolated, 
cell line�s� tested, assay�s� used, and ��� inhibitory concentration �,&���, ��� lethal dose �L'���, ��� 
effectiYe dose �('���, ��� lethal concentration �L&��� or ��� JroZth inhibition �*,��) values calculated, 
loZer than �� �J�mL or �� mM.

Ten diarylheptanoid compounds isolated from A. japonica bark Zere tested on four cell lines. The ,&�� 
Yalues obtained by MTT method applied on each cell line Zere betZeen a ��±�� �M for %��, a ��±�� �M 
for 618�, a ��±��� �M for 618���, and a ��±��� �M for 618&�. ,n the case of %�� melanoma and 
618� carcinoma, the most actiYe compounds Zere 8 �,&�� a �� �M� and 9 �,&�� a �� �M�, respectiYely. 
Platyphylloside (8� Zas the compound Zith loZest ,&�� Yalues on 618��� �,&�� a �� �M� and 618&� 
�,&�� a �� �M� �&hoi et al. �����. 2ne of the main antraTuinones >aloe�emodin �10)] constituent of  
A. vera Zas assessed on cell lines of neuroblastoma and (ZinJ¶s sarcoma. The neuroectodermal tumor cells 
Zere specifically inhibited in JroZth by 10 and ('�� �eTuiYalent to ,&��� Yalues Zere a � �M, a � �M, and  
a �� �M, respectiYely, for neuroblastoma, p31(T, and (ZinJ¶s sarcoma �3ecere et al. �����. The cytoto[ic 
effects of a solid residue obtained of hydroalcohol e[tract from A. scholaris stem bark were determined 
on three cell lines. The ,&�� Yalues Zere a � ȝJ�mL �+eLa cells�, �� ȝJ�mL �.% line� and a �� ȝJ�mL 
�+L�� cells� �-aJetia and %aliJa �����.

A plant studied in almost all continents is A. muricata, whose ethnobotany always has been related 
to antitumoral�anticancer properties. AccordinJ to a reYieZ by &oria�Tplle] et al. ������, si[ types of 
acetogenins have been isolated from different parts of the plant; and, these molecules are responsible for 
the e[traordinary effectiYeness aJainst cancers. :u et al. ������ isolated annomuricins A �11� y % �12) 
from plant leaYes. These acetoJenins shoZed remarkable antiproliferatiYe capacities Zhen tested on A��� 
and +T�� cell lines by means of MTT method. The ('�� value for 11 Zas �.� [ ��±� �J�mL on A��� 
cells; whilst, for 12, the ('�� Yalues Zere �.� [ ��±� �J�mL �on A��� line� and �.� [ ��±� �J�mL �on +T�� 
cells�. =enJ et al. ������ isolated annopentocins A�& 13±15 and a mi[ture of cis� and trans�annomuricin�
'�ones �16±17� from plant leaYes. The antineoplastic screeninJ of these compounds Zas carried out on si[  
cancer lines, resultinJ in siJnificant effects on all lines� thereby, for 13, ('�� values were between  
a �.� [ ��±� �J�mL ± a �� �J�mL, Zith 3a&a� line beinJ the most sensitiYe� for 14 and 15, ('�� values 
Zere betZeen a �.� [ ��±� �J�mL ± a �.� �J�mL, beinJ A��� line the most susceptible for both compounds� 
and for the mi[ture 16 and 17, ('�� Yalues Zere betZeen � ��±� �J�mL ± a �.� �J�mL, beinJ the most 
inMured cell lines the A���, +T�� and 3a&a� �('�� � ��±� �J�mL�.

To end Zith the Annona species, Li et al. ������ studied the bark from A. squamosa. They isolated 
three acetogenins (bullatacin 18, bullatacinone 19 and squamone 20�, Zhich resulted to be hiJhly efficacious 
aJainst A���, M&)� and +T�� cell lines �by MTT method�. The effectiYity order on� ��� +T�� Zas 18  
�� ��±�� �J�mL� ! 19 �� ��±� �J�mL� ! 20 �a � �J�mL�� ��� A��� Zas 18 �a � [ ��±�� �J�mL� ! 19  
�a �.� [ ��±� �J�mL� ! 20 �a � �J�mL�� and ��� M&)� Zas 19 �� ��±� �J�mL� ! 20 �a � �J�mL� ! 18  
�! �� �J�mL�. &hen et al. ������ isolated some acetoJenins �annosTuacins A�', and annosTuatins A and 
%� from fruit seeds, Zhich Zere screened to estimate of cytoto[ic potential aJainst si[ cancer cells by MTT 
method. The si[ acetoJenins Zere able to poZerfully inhibit the JroZth of all cancer cells, Zith ,&�� values 
betZeen a � [ ��±� �J�mL ± a � �J�mL. The most effectiYe acetoJenins Zith loZer ,&�� values ranged 
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amonJ a � [ ��±� �J�mL ± a � [ ��±� �J�mL, and a � [ ��±� �J�mL ± a � [ ��±� �J�mL, Zere annosTuatin 
A and annosTuacin &, in that order. ,n the same sense, annosTuatin % and annosTuacin % Zere secondary, 
Zith ,&�� Yalues betZeen a � [ ��±� �J�mL ± a � �J�mL and a � [ ��±� �J�mL ± a � �J�mL, respectiYely� 
and lastly, annosTuacins A and ' had ,&�� Yalues amonJ a � [ ��±� �J�mL ± a � �J�mL and a � [ ��±� 

�J�mL ± a � �J�mL, correspondinJly. The most actiYe compounds per each cell line Zere annosTuatin 
% �,&��� a � [ ��±� �J�mL� on A��� cells, annosTuacin & �,&��� a � [ ��±� �J�mL, a � [ ��±� �J�mL� on 
+eLa�+ep*�, and 6MM&���� cancer lines� annosTuatin A �,&��� a � [ ��±� �J�mL, a � [ ��±� �J�mL� 
on M&)� and M.1�� cell lines.

)rom A. polyneuron roots an indole alkaloid (aspidospermine 21) was isolated which was tested on 
+ep*� cells. A concentration of �� �M of 21 was able to decrease ca. ��� of cell population �&oatti et 
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al. �����. =hao et al. ������ assayed an isoform mi[ture >Į��22� and ȕ��23)] of boswellic acid acetate 
(isolated from B. carteri resin� on fiYe cancer lines. AccordinJ to the authors, the compound mi[ture  
(22 and 23� shoZed a JroZth potential inhibition on .%, +&T�, and A���� cells Zith ,&�� values between 
a �� �M ± a �� �M.

The other Zell�knoZn plant is &. oIficinalis, Zhere there are reports on its use for cancer treatment.  
2ne of these reports Zas prepared by 8kiya et al. ������, Zhere they isolated tZo triterpene Jlycosides 
(24 and 25�, from the ÀoZers. &ompounds 24 and 25 Zere tested �by 65% method� on a panel of �� 
human cancer cell lines (derived of seven types of cancer: lung, colon, melanoma, renal, ovarian, brain 
and leukemia�. The authors found that 24 shoZed *,�� Yalues � �� �M aJainst almost of the cancer cells 
tried e[cept for leukemia �&&5)�&(M cells�, renal �&A.,�� and 82��� lines� and breast �1&,�A'5�
5(6 cells� cancer lines. ,n addition, 24 shoZed the most potent cytoto[icity aJainst leukemia �Molt� and 
53M,���� lines�, colon �+&&���� cells�, and melanoma �L2; ,M9,, 6.M(L� and 8A&&�� lines� 
cells, Zith *,�� Yalues of a �.� �M ± a �.� �M. &ompound 25 e[hibited *,�� Yalues � �� �M aJainst all 
of the cancer cells tested, e[cept for oYarian �,*529� cells� and renal �82�� cells� lines.

A famous herb is Myrrh �C. myrrha, %urseraceae�, Zhose multi�purpose fraJrant resin has been used 
millennially. 6u et al. ������ reported the eYaluation of cytoto[icity effects �by MTT method� aJainst 
JynecoloJic cancer cell lines �A����, 6.29�, 6i+a and 6hikaZa� of residual hydroalcohol ����� 
e[tract �5+(�, 3etroleum (ther )raction �3()� and tZo isolated compounds �26 and 27) from C. myrrha 
dried resin. 26 and 27 siJnificantly inhibited the JroZth of three cell lines� the ,&�� values were between  
a �� �M ±  a �� �M for 26 and a �� �M ± a �� �M for 3(). The most susceptible lines Zere A����  
�a �� �M� for 26, and 6.92� �a �� �M� for 27. A plant used in traditional Me[ican medicine, as treatment 
of different types of tumors since the prehispanic ages is C. aequipetala �Lythraceae�. 9eJa�ÈYila et al. 
������ studied the cytoto[ic potential �('��� of different fractions from acetone�Zater ����� e[tract of the 
Zhole plant, usinJ the 65% assay and tZo cell lines. The ('�� Yalues Zere a � �J�mL �'8��� cells� and  
a �� �J�mL �+&T�� line� for total e[tract in each cell line. ( �yelloZ poZder, constituted by compounds 
type ÀaYonoids� and 3%� �solid Zith a metallic appearance, constituted by compounds type tannins� 
fractions, from total e[tract, presented ('�� Yalues of a �.� �J�mL and a �.� �J�mL, respectiYely.

The rhi]ome of C. longa �=inJiberaceae�, popularly knoZn as turmeric or ,ndian saffron, has been 
applied for cancer preYention�treatment. .uttan et al. ������ eYaluated in vitro (by using cell culture 
of &hinese +amster 2Yary �&+2� line and normal lymphocytes� the anticancer actiYity of the isolated 
curcumin (28� from turmeric rhi]ome� in a similar manner, � �J�mL of 28 shoZed an effectiYe cytoto[icity 
����� cell death� for normal lymphocytes, and human leukemic cells� Zhile � �J�mL of 28 produced the 
���� death on 'alton¶s lymphoma cells. The in vitro e[periments indicated that curcumin Zas cytoto[ic 
at concentrations betZeen l �J�mL ± � �J�mL. Also, 1aama et al. ������ studied the rhi]ome e[tract and 
isolated curcumin from C. longa of ,raTi oriJin. The cytoto[ic effect of alcohol e[tract�curcumin from 
C. longa Zas Yalued aJainst the hepatocellular carcinoma by means of MTT assay. The ,&�� values were 
�.� �J�mL and �.� �J�mL for total e[tract and isolated 28, respectiYely. 2ther authors haYe studied the 
antineoplastic effect of 28 aJainst different types of cancer�tumor, e.J., breast carcinoma cells, colorectal 
cancer cells, gastric cancer, leukemic cell lines, lung squamous cell carcinoma, ovarian cancer cells (Shao 
et al. ����, 6hi et al. ����, AlaikoY et al. ����, *uo et al. ����, =hao et al. ����, =hou et al. �����.

C. mangga from ,ndonesia is a species closely related to C. longa. Malek et al. ������ inYestiJated the 
cytoto[ic effects of the methanol e[tract and the he[ane�ethyl acetate fractions from C. mangga rhizome 
aJainst si[ cell lines by usinJ 65% assay. The authors found that methanol e[tract and the tZo fractions 
shoZed Jood cytoto[ic effects aJainst the cell lines, Zhose ,&�� Yalues Zere betZeen �.� � �.� �J�mL 
and ��.� � �.� �J�mL. The he[ane fraction shoZed the best antineoplastic effects aJainst the si[ cancer 
lines, Zith ,&�� Yalues amonJ �.� � �.� �J�mL �M&)� line� and ��.� � �.� �J�mL. LikeZise, they isolated 
to E�labda������,���dien���,���dial �29� and ]erumin A �30�, Zhich displayed hiJh cytoto[icity on si[ 
cancer lines. 29 presented ,&�� Yalues betZeen a � � � �J�mL �M&)� line� ± ��.� � �.� �J�mL� Zhilst for 
30, the ,&�� Yalues Zere amonJ �.� � �.� �J�mL �M&)� line� ± ��.� � �.� �J�mL �:idoZati et al. �����.

D. divaricata �'aYalliaceae� is a species from TaiZan, Zhich has been traditionally applied as a 
treatment for lunJ cancer. &henJ et al. ������ isolated the daYallic acid �31) from plant dried rhizome and 
evaluated the ability of 31 to inhibit the JroZth of A��� cells usinJ MTT test. They found that �� ȝM of 
31 decreased A��� cell Yiability up to ��� ��� hours� and ��� ��� hours�. D. morbifera �Araliaceae� is 
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an endemic species JroZinJ in 6outh .orea and has been used in traditional medicine. Lee et al. ������
isolated dendropano[ide �32) from plant dried leaves and assessed the capability of compound 32 to 
inhibit the JroZth of three types of cell lines usinJ MTT assay. The results shoZed that �� ȝM, �� ȝM 
and �� ȝM of compound 32 inhibited the cell JroZth up to a ��� , a ��� and a ��� on +ep�%, T��* 
and M*�� cell lines, respectiYely.

E. grijisii �&ompositae� is a species broadly distributed in &hina, and it is listed in ³&hinese 
3harmacopeia´ by its different ethnobotanical uses. =hanJ et al. ������ inYestiJated the cytoto[icity aJainst 
tZo human leukemia cell lines, by usinJ modified 65% method, of seYen compounds type ³thiophenes�
bitiophenes´ isolated from E. grijisii roots. The authors found that all compounds e[hibited cytoto[ic effects 
aJainst the cell lines e[amined, Zith ,&�� Yalues betZeen a �.� �J�mL and a �� �J�mL for +L�� cells 
and a �.� �J�mL and a �� �J�mL for .��� cells. The most cytoto[ic compound Zere 33 �,&��a �.� �J�
mL and a �.� �J�mL� and 34 �,&��a �.� �J�mL and a �.� �J�mL� for the tZo cell lines �+L�� and .����.  
E. pinnatum �Araceae, common name� 'raJon tail plant� has been Zidely used in Malaysia and 6inJapore 
as a traditional anticancer preparation. Anticancer properties of chloroform�he[ane e[tracts from Zhole 
plants Zere Yalidated by Tan et al. �����, ����� aJainst T��' line usinJ MT6�3M6 assay. Thus, the ,*�� 
Yalues Zere a �� �J�mL ��� hours� and a � �J�mL ��� hours� for chloroform e[tract� the ,*�� values were 
a �� �J�mL ��� hours� and a � �J�mL ��� hours� for he[ane e[tract. Also, :onJ et al. �����b� isolated 
35 from R. korthalsii leaYes, and determined its antineoplastic capacity aJainst 3��� cancer line by MTT 
assay. The ,&�� value calculated for 35 Zas of a � �J�mL.
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5eJardinJ E. annuus �Asteraceae�, 5pthy et al. ������ screened the in vitro antiproliferative activity 
of four types of fractions�e[tracts from this plant aJainst three cell lines, usinJ the MTT assay. ,nhibition 
percentaJe Yalues, from plant root e[tracts on M&)� line,Zere a �� � �� ± a �� � ��, Zhen �� �J�mL 
of each e[tracts�fractions Zere tested. The ,&�� Yalues calculated for he[ane and chloroform fractions 
aJainst the three cell lines Zere a ��±�� �J�mL �+eLa line�, a �±� �J�mL �M&)� line� and a ��±�� �J�
mL �A��� line�. A traditional .orean medicinal plant used for centuries to treat tumors in .orea and &hina 
is E. alatus �&elastraceae�. 3ark et al. ������ eYaluated the antiproliferatiYe and apoptotic capacities of 
methanol e[tract from plant on 6.%5� cell line by MTT method� the ('�� Yalue Zas of �.� � �.� �J�mL 
and the methanol e[tract induced apoptosis on cancer cells.

F. oldhamii �Annonaceae� is a species used in folk medicine for treatment of tumors in TaiZan and 
southern &hina. :u et al. ������ demonstrated the cytoto[icity of [ylopine �36) and norannuradhapurine 
(37� isolated from plant aJainst four cell lines, by MTT assay. The ('�� values for 36 and 37 were among 
a � �J�mL and a � �J�mL for the four cell lines. (Yen so, the most sensitiYe cells Zere .% and +&T� 
to compounds 36 and 37, Zhose ('�� Yalues Zere a � �J�mL and a � �J�mL, independently. T]enJ et 
al. ������ eYaluated the inhibitory effect on JroZth of three leukemic cell lines, usinJ the MTT method, 
of aporphine alkaloids (37 and fissoldine 38� isolated from the plant. The ,&�� values of 37 and 38 were 
ranJed betZeen a �±�� �J�mL �a �±�� �M� for the three cell lines. 1onetheless, L���� and &&5)&(M 
lines were the most susceptible cells to alkaloid 37 Zith ,&�� Yalues of a � �J�mL �a � �M� and a � �J�
mL �a �� �M�, correspondinJly� Zhilst the ,&�� values of 38 Zas of �� �J�mL �a �� �M� on +L�� cells.

 ,n the traditional ayurdeYic medicine from ,ndia, there is a plant called 1eeru mamidi >G. zeylanicum 
�(uphorbiaceae�@, Zhich has been used for the treatment of cancer. 6harma et al. ������ eYaluated the in 
vitro cytoto[ic actiYity of aTueous e[tract from plant roots aJainst tZo cell lines, by usinJ the ;TT method. 
The &&�� Yalues Zere a � �J�mL and a �� �J�mL, for the +ep*� and +T�� cell lines, respectiYely. %ased 
on the folk medicine of TaiZan about the use for treatment of tumors from H. brownii �Asclepiadaceae� 
aerial parts, Lin et al. ������ isolated heteromines A �39� and % �40), which were evaluated against four 
cell lines by usinJ the MTT assay. The ,&��values for 39 and 40 respectively, on each cell line were  
a � �M, a �� �M for +&(� cells� a �� �M, a �� �M for Molt � cells� a � �M,a �� �M for +L�� line� 
and, a �� �M, a �� �M for .��� cells. A tree from the Ama]on rain forest of 3eru, &olombia and %ra]il 
which has been used in the traditional medicine for treatment of tumors, is H. succuba �Apocynaceae, 
common name� ³bellaco�caspi´�. The first report about scientific Yalidation for the use of this plant to 
treat the cancer Zas published by 3erdue and %lomster ����. The authors isolated to fulYoplumierin �41) 
from the plant stem bark after testinJ a ��� ethanol e[tract aJainst .% cell line. :hile &astillo et al. 
������ studied the cytoto[icity on �T� line �usinJ the 65% method� of plumericin �42) and isoplumericin 
(43� isolated from the stem bark. The ,&�� values determined for 42 and 43 correspondinJly, Zere � �M 
and � �M on cell line. An African plant is K. africana �syn. K. pinnata, %iJnoniaceae�, Zhose bark�fruit 
haYe been traditionally used as treatment of neoplastic diseases. MomekoYa et al. ������ assessed the 
antineoplastic actiYity on tZo cell lines, and LL& bearinJ %')� mice from methanol e[tract of the plant 
stem bark. The ,&�� Yalues Zere �� � � �J�mL �LL& bearinJ�mice�, �� � � �J�mL �M&)� cells� and �� 
� � �J�mL �6.:� line�. Another important plant in the traditional &hinese medicine is M. tenacissima 
�Asclepiadaceae�, Zhich has been Zidely used for the treatment of cancers� and, more than decade aJo, 
its application was approved to treat esophageal, gastric, and lung cancers, and hepatocell carcinoma by 
&hina )ood and 'ruJ Administration 2ffice. 6ome authors haYe carried out the scientific Yalidations 
aJainst different cell lines. +u et al. ������ determined that �� �J�mL of tZo compounds >tenacissimoside 
A �44, eT. �� �M� and ��Į�2�ben]oyl���ȕ�2�acetyltenaciJenin % �45, eT. �� �M�@ isolated from the plant 
increased the sensitiYity of antitumor druJs, e.J., do[orubicin ����fold and ���fold�, Yinblastine ����fold 
and ���fold�, puromycin ����fold and ���fold� and paclita[el ���fold and ����fold� by +ep*��'o[ cells. 
Additionally, other authors like +an et al. �����, ����, ����� studied the synerJistic effect betZeen an 
e[tract of plant stem Zith other druJ �e.J., Jefitinib� aJainst four non�small cell lunJ cancer lines. They 
found that the mi[ture �e[tract � Jefitinib� as a therapeutical prepared resulted in a promisinJ therapy to 
improYe the effectiYeness of Jefitinib in resistant 16&L&. A species from 3anaman Àora is M. blepharodes 
�&elastraceae�, Zhich Zas studied for its ethnobotanical uses for the treatment of cancer by 5odriJue] et 
al. ������. These authors isolated three phenolic triterpenes >��o[o�blepharodol �46), blepharotriol (47), 
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and ��deo[oblepharodol �48�@ from the plant bark and assessed the cytoto[icity �by MTT assay� on +eLa 
cell line. The ,&�� Yalues Zere a �� �J�mL for 47, a �� �J�mL for 48 and a �� �J�mL for 46.

LinJ et al. ������ reported the potent cytoto[ic effect of the ethanol e[tract from  
M. emarginata �&elastraceae� aJainst 3��� cell line. .uo et al. ������ isolated to emarJinatine A �49), 
Zhose ('�� Yalue Zas of � �J�mL on .% cells. AJain, .uo et al. ������ established the ('�� values 
on .% cell line for chloroform, chloroform�methanol and ethyl acetate�acetone fractions alonJ Zith 
emarJinatine % �50� isolated from the plant stem, Zhich Zere respectiYely, �.� �J�mL, �.�� �J�mL, �.�� 
�J�mL, and �.� �J�mL. :hile .uo et al. �����a� reported the isolation and the cytoto[icity aJainst .% 
cell line of emarginatine E (51) and emarginatinine (52�� the ('�� Yalues Zere �.� �J�mL and �.� �J�mL, 
in that order. ,n the same year, .uo et al. �����b� isolated from the plant stem emarJinatine ) �53), which 
Zas cytoto[ic aJainst si[ cell lines. The ('�� values for 53 Zere � �.� �J�mL for 53M,���� cells, �.� 
�J�mL for T(��� line, �.� �J�mL for .% cells, �.� �J�mL for 3��� line, a � �J�mL for +&T� cells and  
a � �J�mL for A��� line.

A perennial tree �endemic of ,ndia, and broadly distributed in Asia, Africa and other continents� 
important for the world is M. azadirachta �Meliaceae, syn. Azadirachta indica, common name� 1eem�, due 
to its e[traordinary benefits �e.J., for ethnomedicine, aJriculture, and domestic uses�, and by its pro[imity 
Zith the cultures and ciYili]ation. ,n AyurYerdic medicine the leaYes, bark, fruits, and seed�oil are Zidely 
used for treatment of cancers �3aul et al. �����. 3an et al. ������ estimated the cytoto[ic effects aJainst 
four cell lines of defatted more�polar fraction, and isolated compounds �type limonoids� from plant fruits 
by means of the MTT assay. The authors found that the fraction Zas actiYe on all cell lines Zith ,&�� 
Yalues of a � � � �J�mL ± ��.� � �.� �J�mL. )rom this fraction, they isolated �� compounds >limonoids 
and triterpenoid �e.J., some as 54±61�@, Zhich shoZed some actiYity aJainst the cancer lines. Thus, �� 
compounds Zere effectiYe on +L�� cells� �� compounds Zere actiYe aJainst A=��� line� nine compounds 
inhibited the 6.%5� cell JroZth� and, three compounds inhibited to A��� cell line. :hile tZo compounds 
were able to inhibit the four types of cancer cells: 56 and 60 �,&�� �.� � �.� �J�mL ± ��.� � �.� �J�mL�� 
Zhereas four compounds Zere effectiYe on three cell lines, i.e., 54, 57 and 61 �,&�� �.� � �.� �J�mL ±  
a �� � � �J�mL�, Zhich Zere inactiYe on A��� cells, and 55 �,&�� �.� � �.� �J�mL ± a �� � � �J�mL�, that 
Zas ineffectiYe on A=��� line. 2ne compound �58� only Zas actiYe aJainst +L�� cells, Zith ,&�� value 
of �.� � �.� �J�mL. The remaininJ compounds �eiJht� inhibited tZo �+L�� and A=���� of the four cell 
lines� the ,&�� Yalues Zere ranJed amonJ �.� � �.� �J�mL ± a �� � � �J�mL. As endpoint, the most actiYe 
compounds against the cell lines were 59 �,&�� �.� � �.� �J�mL, on +L�� cells� ,&�� �.� � �.� �J�mL, 
on A=��� line�, 56 �,&�� a �� � � �J�mL, on 6.%5� cells� and 60 �,&�� a �� � � �J�mL, on A��� line�.

TakaJi et al. ������ also eYaluated the cytoto[icity on fiYe cell lines, of some isolated compounds 
�type limonoids� from the ethyl acetate fraction from neem leaYes. The authors isolated �� limonoid 
compounds, of Zhich �� compounds Zere actiYe aJainst the cell lines under study. Thus, �� compounds 
Zere actiYe on +L�� cells� �� limonoids Zere effectiYe aJainst A=��� line� �� compounds inhibited  
the 6.%5� cell JroZth� and, seYen limonoids inhibited to A��� cell line. 2n the other hand, si[ limonoid 
compounds inhibited the four types of cancer lines: 62±64, 66, 70 and 72 �,&�� �.� � �.� �J�mL ±  
a �� � � �J�mL�� Zhereas four compounds Zere effectiYe on three cell lines, i.e., 65, 68, 71 and 73  
�,&�� a � � � �J�mL ± a �� � � �J�mL�, these same compounds Zere ineffectiYe on A��� cells. 2nly tZo 
compounds Zere effectiYe on +L�� cells� and, tZo limonoids �67 and 69� Zere able to inhibit tZo �+L�� 
and A=���� of the four cell lines� the ,&�� Yalues Zere ranJed amonJ �.�� � �.�� �J�mL ± a �� � � �J�
mL. The most actiYe compounds aJainst the cell lines Zere 69 (nimbolide, ,&�� �.�� � �.�� �J�mL, on 
+L�� cells� ,&�� �.�� � �.�� �J�mL, on A=��� line�, 70 �,&�� a �.� � �.� �J�mL, on 6.%5� cells� and 
63 �,&�� a � � � �J�mL, on A��� line�.

2ther researchers haYe also Yerified the anticancer efficacy of different e[tracts from neem parts. :u 
et al. ������ eYaluated the cytoto[icity on 3&� cell line of the methanol fractions ���� from the supercritical 
e[tract of neem leaYes. )ractions �, � and � resulted hiJhly effectiYe aJainst 3&� line Zith ,&�� values  
� a � �J�mL� Zhilst fractions �±�� presented ,&�� Yalues betZeen a � �J�mL and a �� �J�mL. 2ne of first 
reports about the isolation of compounds Zith cytoto[ic properties from neem Zas published by &ohen et 
al. ������. These authors measured the cytoto[ic potential of si[ limonoids �included 69) isolated of the 
seeds aJainst 1�(���, ���%.T.± and 5A:���.� cell lines. The ,&�� Yalues established Zere a � � � �M 
����%.T.± cells� and a � � � �M �1�(��� and 5A:��� lines� for nimbolide. 3riyadarsini et al. ������
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studied the cytoto[ic effect of nimbolide 69 on +eLa cancer line� � �M Zas the ,&�� Yalue. 2ther authors 
estimated the anticancer/antiproliferative properties of 69 isolated from M. azadirachta. +arish .umar et al. 
������ found that ,&�� value of 69 aJainst %e:o cells Zas of a � �M �at �� h�. 5oy et al. ������ established 
that nimbolide ��.�±�.� �M�, isolated from neem ÀoZers, shoZed antiproliferatiYe actiYity aJainst four 
cancer cell lines. The ,&�� Yalues Zere �.� ȝM �+L�� cells�, �.� ȝM �8��� line�, �.� ȝM �T+3� cells�  
and �.� ȝM �%�� line�. MeanZhile, (lumalai et al. ������ proYed the inhibitory effects of nimbolide �,&��: 
a � �M, at �� h� on the inYasiYe ability of M&)� and M'AM%��� tumor cell lines. %abykutty et al. ������
demonstrated that 69 �,&��� a �.� �M, at �� hours� inhibited the proliferation of the :i'r cancer cells by 
delayinJ its miJration, inYasiYe capacity, and anJioJenesis, and inducinJ them apoptosis.

N. domestica �%erberidaceae� is the only species of Nandina found in China, and there, different 
parts of the plant �e.J., fruits, stems, roots and leaYes� haYe been used in the indiJenous medicine system 
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for the treatment of pharynJeal tumors and uterine bleedinJ. 3enJ et al. ������ isolated �� alkaloids from 
the plant fruit and determined the cytoto[ic actiYity by the MTT test of a neZ compound �nandsterine 
74� aJainst +L�� line. The ,&�� Yalue Zas a �� �M. A millenary �ca. ���� years� plant of .orean oriJin 
is P. ginseng �Araliaceae, common name� *insenJ�, Zhich has been used as prophylactic�curatiYe aJent 
for treatment different diseases, includinJ cancer. The most used part is the root containinJ at least  
�� actiYe Jinsenosides. :anJ et al. ������ determined the cytoto[icities �by MTT assay� on �� cell lines of 
�� saponins isolated from plant fruits. Three saponins �75–77) were the most active compounds against all 
cell lines tested, Zith ,&�� Yalues ranJed betZeen a �� �M ± a �� �M for 76, a �� �M ± a �� �M for 75 and 
a �� �M ± a �� �M for 77. An herbaceous plant of Jreat importance in the Me[ican and Latin American 
traditional herbalist is P. alliacea (Phytolaccaceae, common name: anamú), which has been used to treat 
cancer. 5ossi et al. �����, ����� and -oYiceYic et al. ������ determined the antiproliferatiYe actiYity by the 
MTT test of an aTueous decoction from Anam~ leaYes aJainst ,M� �human myeloma�, 'audi �%urkitt¶s 
lymphoma� and Molt� cell lines. They found that the decoction produced the cell JroZth inhibitions ��� 
of ��±��� on ,M� cells, ��±��� on 'audi and Molt� lines. The ,&�� Yalue Zas �� �J�mL on ,M� line. 
A %ra]ilian plant is P. paniculata �Amaranthaceae, called %ra]ilian JinsenJ� Zhose roots haYe been used 
in folk medicine as cancer therapy. Takemoto et al. ������ isolated to pfaffic acid �78) from plant roots 
Zhich shoZed hiJh inhibitory effects aJainst %��, +eLa �6�� and LL& cell lines at concentrations of  
�±� �J�mL. P. peruviana �6olanaceae� is natiYe to Zestern 6outh America �Andes reJion, mainly 3eru�, 
and its fruits, in particular haYe been used in ethnomedicine for treatinJ diseases such as cancer. 'emir 
et al. ������ eYaluated the cytoto[ic capacity of the ethanol e[tract from the plant fruit aJainst 6aos� and 
+ep�% cell lines usinJ the MTT method. The ,&�� Yalues found Zere a �� �J�mL on 6aos� cells, and  
a �� �J�mL on +ep�%. <en et al. ������ isolated to �ȕ�hydro[yZithanolide ( �79) from plant leaves 
and stem Zhich shoZed anticancer property on +���� cell line. The ,&�� Yalues Zere a �.� �J�mL and  
a �.� �J�mL at �� hours and �� hours, respectiYely.

R. korthalsii �Araceae� is a natiYe species from %orneo. :onJ and Tan �����a� e[amined the 
cytoto[icity �by the MTT assay� of petroleum ether e[tract from plant leaYes aJainst 3���, Molt�, .% 
and 6:��� cell lines. The ('�� Yalues calculated Zere � ȝJ�mL on .% cells, �� ȝJ�mL on 3��� line,  
�� ȝJ�mL on 6:��� cells and �� ȝJ�mL on Molt� line. R. javanica (syn: Brucea javanica, Simaroubaceae) 
is a perennial shrub distributed mainly in 6outheast Asia. ,n &hina, its fruits are used to treat cancer. Lau 
et al. ������ confirmed that the ethanol e[tract from Fructus Bruceae (dried ripe fruits of B. javanica) 
presented cytoto[ic actiYities aJainst three cell lines. The ,&�� Yalues Zere �.� �J�mL, �.� �J�mL and  
�.� �J�mL for &apan�, 3anc� and 6:���� cancer cells, respectiYely. The tree R. YerniciÀua �Anacardiaceae, 
syn: To[icodendron YerniciÀuum, common name� lacTuer tree� is Zidely distributed in &hina, .orea and the 
,ndian subcontinent. This plant has been used �althouJh restricted� in traditional medicine to treat cancers 
for centuries. .im et al. ������ determined the cytoto[icity on four cancer cells of the he[ane fraction 
�free of urushiols� from the plant bark. The *,�� Yalues Zere a �� �J�mL on Molt�) cells, a �� �J�mL on 
6:��� line, a �� �J�mL on A&+1 cells and a �� �J�mL on A��� line. .im et al. ������ estimated the 
cytoto[ic potential of nine isolated compounds of tZo actiYe fractions obtained from the ethanol e[tract 
�free of urushiols� of the plant bark aJainst A���, 6.29�, 6.M(L� and +&T�� cell lines usinJ 65% 
assay. 6i[ compounds of nine resulted actiYe aJainst the four cell lines tested. The ,&�� values for 80±85 
on the four cell lines Zere betZeen a � � � �M ± a �� � � �M. The most actiYe compound Zith the loZest 
,&�� Yalues �a � � � �M ± a �� � � �M� Zas butein �84�. &hoi et al. ������ inYestiJated the effect of 84 
on cell death of 6.29��3A; line. They found that �� �J�mL of compound inhibited the 6.29��3A; 
cell JroZth �a ��� population�. +onJ et al. ������ isolated four urushiols �86±89) from the plant sap and 
screened the cytoto[ic potential aJainst �� cell lines >3&�� 29&A5�, 6.29�, Molt�), .���, 53M,����, 
M'AM%���, M&)��A'5, M&)�� 6.M(L�, M��, L2;,M9,, 8A&&��, 61%��, 61%��, 6)���� 
6:���, .M��, +&T���, +&T��, and &olo���, 82��,&A.,�, A&+1, 1&,+���, 1&t+��, 1&,+��� 
and A���@. The *,�� values for 86 Zere ranJed amonJ a �.�±�.� �J�mL on �� cancer cells� for 87 were 
betZeen a �.�±�.� �J�mL on �� cancer cells� for 88 Zere amonJst a � �.�±�.� �J�mL on �� cancer cells� 
and, for 89 Zere betZeen a �.�±�.� �J�mL on �� cancer cells. The most susceptible cell lines to the 
four urushiols Zere 1&,+���, Molt�) and 53M,����, Zith *,�� Yalues � � �J�mL. 2ther cancer cells  
also sensitiYe to one of the urushiols Zere 6.M(L� for 86 �*,��� � �J�mL�, 29&A5� for 87 �*,��:  
�.� �J�mL� and M�� and 6.M(L� for 88 �*,��� �.� �J�mL and � �J�mL�.
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Another interestinJ species is R. mucosa �Annonaceae, common name� anonillo or cherimoya�, 
Zhich is a fruit tree distributed in &entral America and :est ,ndies, and in indiJenous medicine its 
different parts haYe been used for treatment of cancer. &ytoto[ic screeninJ on brine shrimp and si[ cancer 
lines of the chloroform�methanol e[tract, methanol fraction and isolated Mimene]in �90) from fruit seeds 
Zere carried out by &hiYe] et al. ������ and Mata et al. ������. They found that the L&�� (A. salina) 
Yalues for the e[tract and fraction Zere a �[��±� �J�mL and � [ ��±� �J�mL, respectiYely. 6imilarly, the 
L&�� Yalues of e[tract Zere � � [ ��±� �J�mL on A��� and 3&� lines, a �.� �J�mL on +T�� cells and  
a �.� �J�mL on 3a&a� line. AJain, &hiYe] et al. ������ isolated to membranacin �91) and desacetyluvaricin 
(92� from plant seeds, Zhich Zere also hiJhly actiYe. The cytoto[ic eYaluation established that 90 was a 
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poZerful cytoto[ic aJent on both brine shrimp and fiYe cell lines �3a&a�, 3&�, +T��, A��� and A���� 
tested, Zith L&�� Yalues of a � [ ��±� �J�mL on A. salina, and a � [ ��±� �J�mL ± a � [ ��±� �J�mL for 
the lines; whereas, 91 and 92 Zere stronJ cytoto[ic aJents aJainst all systems tried� 92 and 91 obtained  
L&�� Yalues of a � [ ��±� �J�mL and a � [ ��±� �J�mL on A. salina, respectiYely� and ('�� values of  
� � [ ��±� �J�mL ± a � �J�mL. 6hi et al. �����, ����� studied the cytoto[icity on si[ cell lines and brine 
shrimp of rollitacin (93), rollinacin (94�, and rollinecins A �95� and % �96� isolated from plant leaYes. They 
found that the four compounds Zere hiJhly effectiYe aJainst the model systems eYaluated� L&�� values 
presented by 93±96 Zere betZeen a � [ ��±� �J�mL ± a � �J�mL on A. salina, and ('�� values were 
amonJ a � [ ��±� �J�mL ± a � �J�mL on the cell lines. *u et al. ������ also determined the cytoto[icity 
aJainst si[ cell lines of rodillecins & �97� and ' �98� isolated from plant leaYes. The authors Yerified that  
both compounds Zere effectiYe on the si[ cell lines tested� 97 shoZed ('�� Yalues of a � [ ��±� �J�mL  
± a � �J�mL� Zhilst, 98 had ('�� Yalues of a � �J�mL ± a � �J�mL.

S. glabra (Chloranthaceae, common name: Caoshanhu) is an evergreen shrub used in traditional 
&hinese medicine for treatment of cancers. 1i et al. ������ screened the anticancer potential �on +L�� cell 
line� of �� sesTuiterpenoids isolated from the Zhole plant. The authors established that tZo compounds 
(99 and 100� of the eiJht neZ sesTuiterpenoids Zere actiYe, Zith ,&�� Yalues of �.�� �M and �.� �M, 
respectiYely. Also, :u et al. ������ isolated �,�¶�biisofra[idin �101� from the plant. The ,&�� value of 101 
Zas a �� �M on %*&��� cells. S. baicalensis �Lamiaceae, common name� +uanJ�4in, &hinese skullcap� 
is a species natiYe from (ast Asia and their roots haYe been used in traditional &hinese medicine for more 
than ���� years as treatment of tumors. .umaJai et al. ������ inYestiJated the antitumor actiYities on �� 
types of cancer cells of 'M62 e[tract from the plant poZder. They found that the ('�� Yalues for 'audi 
and 1&,+��� cancer cells Zere a �.� �J�mL and a � �J�mL, respectiYely. *ao et al. ������ determined 
the cytoto[ic effect of ZoJonin �102� aJainst tZo cell lines. The ,&�� Yalues Zere a �� � � �J�mL �A��� 
line� and a �� � � �J�mL �6.L8� cells�. -i et al. ������ isolated �� constituents >includinJ 102, baicalin 
(103) and baicalein (104�@ from dried slices of the plant root and assessed the cytoto[ic capacity aJainst 
+ep*�, 6:��� and M&)� cell lines by the MT6 assay. They found that �� �M 102±104 inhibited the 
cancer cell JroZth. 1eYes et al.  ������ eYaluated the cytoto[icity aJainst three cancer lines of 104. The 
*,�� Yalues Zere �.� � �.� �M on A����&� cells, a �� � � �M on 1&,+��� line and a �� � � �M on 
M&)� cells. +uanJ et al. ������ determined that �� �M of 102 inhibited the +L�� cancer cell JroZth  
a ���. S. tamariscina (Selaginellaceae) is another traditional Chinese herb used as therapy for some 
kinds of cancers. Li et al. �����a� determined the anticancer properties of the ethyl acetate e[tract from 
the plant aJainst three cell lines. The ,&�� Yalues Zere �.� � �.� �J�mL on +T�� line, �.� � �.� �J�mL 
on +eLa cells and a � � � �J�mL on %el���� cells. S. torvum (Solanaceae, common name: turkey berry) 
is a shrub natiYe to southern Me[ico and &entral America and is also distributed in Asia and Africa. ,n 
herbal medicine from ,ndonesia, it is used as an anticancer aJent. %alachandran et al. ������ inYestiJated 
the anticancer activity of methyl caffeate (105� isolated from plant fruits aJainst M&)� cell line. The ,&�� 
Yalue Zas a �.� �M. Li et al. �����b� isolated fiYe neZ steroidal Jlycosides from plant fruits and eYaluated 
the cytoto[icity aJainst A��� cancer cell. The authors found that four of them Zere moderately actiYe, 
Zith ,&�� Yalues ranJed betZeen a ��±��� �M.

S. venosa �Menispermaceae� is a shrub natiYe to the eastern and southern Asia and in traditional 
Thai medicine is used for treatinJ cancer. LeeZanich et al. ������ inYestiJated the antineoplastic effect 
on 1&,+��� cancer line of ethanol e[tract from the plant. The ,&�� Yalue Zas a � �J�mL. Le et al. ������ 
studied the anticancer properties aJainst +eLa, M'AM%��� and M&)� cell lines of dichloromethane�
butanol fractions, and fiYe isolated alkaloids from plant tubers. The authors found that all fractions Zere 
actiYe on the three cell lines� the ,&�� Yalues Zere a �� � � �J�mL ± ��.� � �.� �J�mL for dichloromethane 
fraction, and a �� � � �J�mL ± a �� � � �J�mL for butanol fraction. %esides, four compounds �106±109) 
Zere efficacious aJainst the cancer lines� the ,&�� Yalues Zere �.� � �.� �M ± �.� � �.� �M for 107 
�stephanine�� a �� � � �M ± a �� � � �M for 106� a �� � � �M ± a �� � � �M for 108, and a �� � � �M 
± a �� � �� �M for 109. 1antapap et al. ������ inYestiJated the antiproliferatiYe effects of four alkaloids 
isolated from plant tubers on .���, .����Adr, *L&� and *L&��Adr cancer lines. They found that 
108±110 Zere effectiYe on cancer cells� the ,&�� Yalues Zere a � � � �J�mL ± a �� � � �J�mL for 108 
�crebanine�� a � � � �J�mL ± a �� � � �J�mL for 109 �o�methylbulbocapnine�� and a �� � � �J�mL ± a 
�� � � �J�mL for 110. 1iZat et al. ������ assessed the cytoto[ic actiYities on M&)� line of the ethanol 
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e[tract and tZo isolated alkaloids from plant tubers. The ,&�� Yalues Zere a �� �J�mL �for e[tract� and a 
�±� �J�mL �for 111 and 108�.

T. avellanedae �%iJnoniaceae� is a tree found in the northeast of %ra]il. The purple bark �Taheebo� of 
this plant has been used by the &allaZaya tribe for treatment of skin cancer. <amashita et al. �����, ����� 
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studied the cytoto[ic effects of naphthoTuinone �112), lapachol (113� and ȕ�lapachone �114) against three 
cell lines. The (&�� values of 112 Zere a �.� �M, a �.�±� �M and a �.�±� �M on 3&�, A��� and M&)� 
cancer cells, respectively; the EC�� values of 113 and 114 on the same cell lines Zere a �±� �M, a �±� �M 
and a �� �M. =hanJ et al. ������ isolated tZo furanonaphthoTuinones from T. avellanedae inner bark, 
Zhich shoZed antiproliferatiYe effects on A���, 6i+a and M&)� cancer lines. The ,&�� Yalues Zere �.�� 
� �.�� �M ± �.� � �.� �M for 112� �.� � �.� �M ± �.� � �.� �M for 115� �.� � �.� �M ± �.� � �.� �M for 
116� and ��.� � �.� �M ± ! a �� �M for 117. T. rosea (common name: pink trumpet tree) is a tree native 
from Me[ico to 9ene]uela and (cuador, used in traditional medicine for treatinJ tumors. 6ichaem et al. 
������ isolated �� compounds from plant roots and studied the cytoto[ic potential of the compounds aJainst 
.% and +eLa cell lines. They found that �� compunds Zere actiYe on the tZo cancer lines� nonetheless, 
the most active were 112, 118±121. The ,&�� Yalues, respectiYely Zere a �.� �J�mL and a �.� �J�mL 
for 118, a �.� �J�mL and a �.� �J�mL for 119, a �.� �J�mL and a �.� �J�mL for 112, a �.� �J�mL and  
a �.� �J�mL for 120, and a �� �J�mL and a �� �J�mL for 121. 

T. wilfordii �&elastraceae, common name� thunder Jod Yine� is a shrub natiYe to 6outheast Asia, 
used in traditional Chinese medicine from ancient times for the treatment of different ailments including 
cancer. *ao et al. ������ isolated �� compounds from plant dried roots and screened the cytoto[ic effects 
on four cell lines. The authors found that only fiYe compounds Zere effectiYe on the cancer cells Zith 
,&�� Yalues betZeen a �� � � �M ± a �� � � �M. The most actiYe compounds Zere 122 and 123 on 
+ep*� cells Zith ,&�� Yalues of a �� � � �M and a �� � � �M, alonJ Zith 124 on A��� line Zith ,&�� 
Yalue of a �� � � �M. *ao et al. ������ isolated �� diterpenoids from plant dried roots and eYaluated 
the cytoto[ic potential aJainst si[ cancer lines. The results reYealed that 125 and 126 �triptotin A� Zere 
the most actiYe compounds aJainst all cells, Zith ,&�� Yalues betZeen a � � � �M ± a �� � � �M. The 
loZest ,&�� Yalues Zere a � � � �M and a � � � �M for 125 on +ep*� and M&)� lines, a � � � �M for 
125 and 126 on %cap�� cells, a � � � �M for 125 on 8��� line, a �� � � �M for 126 and 127 on A��� 
cells, and a �� � � �M for 128 on +ep�% line. )an et al. ������ isolated �� compounds from plant dried 
stems and determined the cytoto[icity on A��� and A���T cancer cells. The authors found that fiYe of the  
�� compounds Zere actiYe on the A���T line Zith ,&�� Yalues amonJ a �� � � �M ± ��.� � �.� �M� 
Zhile, only triptofordin % �129� Zas effectiYe aJainst A��� cancer cells. The most actiYe compound on 
A���T and A��� cell lines Zas 129 Zith ,&�� Yalues of a �� � � �M and a �� � � �M, respectiYely. <anJ 
et al. ������ isolated eiJht triterpenoids from plant roots and estimated the cytoto[ic effect aJainst +eLa 
cancer cells. The most actiYe compounds Zere tripterfrielanons A �130� and % �131� Zith ,&�� values of 
�.� �J�mL and �� �J�mL, indiYidually.

V. album (Santalaceae, common name: mistletoe) is a perennial hemiparasite shrub native to Europe 
and Asia, Zhich has been used in folk medicine for both treatment and in complementary therapies aJainst 
cancer. :eissenstein et al. ������ inYestiJated the effect of a standardi]ed preparation on the action 
of Trastu]umab �druJ used aJainst breast cancer�. The authors also determined the cytoto[ic effect of 
standardi]ed e[tract on 6.%5� cancer cells. They found that � �J�mL or � �� �J�mL of e[tract produced 
a cell JroZth inhibition ! ��� or a ����, respectiYely. )inally, W. somnifera (Solanaceae, common name: 
AshZaJandha, ,ndian JinsenJ� is a perennial herb natiYe from the dry reJions of Asia and other continents 
such as Africa. ,t is an important plant in AyurYedic and traditional &hinese medicines due to its Zide 
uses for treatment of seYeral diseases, includinJ cancer �5ai et al. �����. 1ema et al. ������ screened the 
cytoto[icity of hydroalcohol e[tract from plant leaYes aJainst three cancer lines. The ,&�� values were  
a �� � � �J�mL �M&)� cells�, a �� � � �J�mL �A��� line� and a �� � � �J�mL �3A� cells�. -ayaprakasam 
et al. ������ isolated �� Zhitanolides from plant dried leaYes and eYaluated the cytoto[ic potential on four 
types of cancer cells. The results shoZed that �� Zhitanolides e[hibited cytoto[icity on all cancer lines 
tested Zith ,&�� Yalues betZeen �.�� � �.�� �J�mL ± a �� � � �J�mL. 132±134 ���dihydroZithaferin A� 
Zere the most actiYe compounds Zith ,&�� Yalues amonJ �.�� � �.�� �J�mL ± �.� � �.� �J�mL. The loZest 
,&�� Yalues Zere �.�� � �.�� �J�mL for 132 �Zhitaferin A� on 1&,+��� line� �.�� � �.�� �J�mL, and  
�.� � �.� �J�mL for 132 and 133 �Yiscosalactone %� on +&T��� cells� �.�� � �.�� �J�mL for 132 on 6)��� 
line� and �.�� � �.�� �J�mL for 132 on M&)� cells. &houdhary et al. ������ isolated tZo Zhitanolides 
(included 132� from methanol e[tract of plant aerial parts and eYaluated the cytoto[icity on 1&,+��� line 
for both the e[tract and Zhitanolides. The e[tract shoZed *,�� and L&�� Yalues of �.� � �.� �J�mL and 
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�.�� � �.�� �J�mL� Zhilst 132 presented *,�� and L&�� Yalues of �.�� � �.�� �J�mL and �.�� � �.�� �J�
mL� and, 135 e[hibited *,�� and L&�� Yalues of �.� � �.� �J�mL and �.� � �.� �J�mL.

Development of anticancer/antitumor drugs from chemical constituents of 
plants in accordance with patent analysis

,n order to assess the innoYation�inYentiYe actiYities related to medicinal plants Zith anticancer�antitumor 
properties alonJ Zith deYelopment of anticancer�antitumor druJs, the 'erZent ,nnoYations ,nde[ �&lariYate 
Analytics ����� database Zas used. )iYe hundred and ten records of patents Zere obtained, Zhich Zere 
analy]ed by means of 9antaJe3oint softZare �93 student, 6earch TechnoloJy�. )iJure �.� contains the 
inYentiYe dynamic on ��� medicinal plants and antitumor�anticancer properties, in the last �� years. An 
irreJular behaYior of the patent numbers per year could be obserYed in the timeline ����±����. 6ince 
���� an increase on the number of patents Zas eYidenced� ���� and ���� Zere the most actiYe years Zith 
�� patents and �� patents, respectiYely. To date ������, only �� records haYe been found. &onsiderinJ 
the distribution of patents per offices �top fiYe�, it Zas found that &hina reported ��� patents, folloZed 
by 6outh .orea ��� patents�, 8nited 6tates ��� patents�, 6Zit]erland ��� patents�, and -apan �nine 
patents�. The plants Zith the hiJhest number of patents related to anticancer�antitumor properties Zere�  
S. lyratum ��� patents�, C. longa ��� patents�, M. tenacissima ��� patents�, S. glabra ��� patents�, C. roseus  
��� patents� and W. somnifera ��� patents�. ,n aJreement Zith the inYentions correlated to applications on 
a specific cancer of an isolated compound�e[tract of plants, the folloZinJ assiJnments Zere found� patents 
attendant to lunJ cancer ��� records�, patents associated to Jastric cancer ��� records�, patents related to 
breast cancer ��� records�, patents correspondent to liYer cancer ��� records�, patents mentioninJ effects 
on colorectal cancer ��� records�, patents statinJ results on cerYical cancer ��� records�, etc. The patents 
Zere found from academic institutions, priYate corporations and natural persons, mainly� e.J., 4inJdao 
Tumour +ospital ��� patents�, <inchuan 6hanJhetu 1eZ TechnoloJy 'eY &o. ��� patents�, -inan ;inshidai 
Medical TechnoloJy &o. �eiJht patents�, )enJhua .echuanJ TechnoloJy 6erYice &o. �four patents�, Lifeline 
1utraceuticals &orp. �four patents�.

:ith the purpose of identifyinJ Zhat the plants Yalidated on the different types of cancer and 
protected by patents, a correlational matri[ Zas elaborated �)iJ. �.��. The analysis of the fiJure shoZed 
that S. lyratum and C. longa were the most protected plants, which had the greatest application/evaluation 
on the different types of cancer (21); followed by M. tenacissima ��� types of cancer� and S. glabra  
��� types of cancer�. 1onetheless, indiYidual plants had a hiJhest patent numbers dependinJ on type of 
cancer, f.i., S. lyratum related to Jastric cancer ��� reJisters�, and C. longa associated to breast cancer  
�� records�. 2n the other hand, the main type of cancer on Zhich the hiJhest medicinal plant numbers ���� 
haYe been protected, Zas lunJ cancer� folloZed by, breast cancer ��� plants�, and liYer cancer ��� plants�.
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Fig. 1.4
6ource� %ibliometry 8nit ± &5A,�Library, 8niYersidad 6anto Tomis �%ucaramanJa�. &alculations based on 'erZent ,nnoYations 

,nde[ �&lariYate, Analytics, ����� database, processed Zith 9antaJe3oint softZare �93 6tudent, 6earch TechnoloJy�.
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6ource� %ibliometry 8nit ± &5A,�Library, 8niYersidad 6anto Tomis �%ucaramanJa�. &alculations based on 'erZent 

,nnoYations ,nde[ �&lariYate Analytics, �����, processed Zith 9antaJe3oint softZare �VP Student, Search Technology�.
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Table �.� includes some patents conferred from the medicinal plants �isolated compounds�e[tracts� 
Zith anticancer�antitumor properties scientific Yalidated. This table contains the names of medicinal plant, 
patent codes, patent titles, ,3& classifications, assiJnees, and dates.
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Some Medicinal Plants Useful for Cancers/Tumors Treatment ��

Conclusion

The scientific Yalidation of the ethnobotanical uses of medicinal plants for cancer treatment is a topic that 
has been strenJtheninJ since the last �� years, based on the scientific dynamics obserYed in the analysis of 
te[t mininJ carried out� at present, there is a stronJ and persistent interest in the scientific community and 
the pharmaceutical industries for findinJ�obtaininJ neZ druJs Zith the Jreatest effectiYeness�selectiYity, 
least side effects and lowest cost, which can act by different mechanisms of action in order to: improve the 
Tuality of life of people Zith cancer, or find a definitiYe cure for the disease. 6ome of the most effectiYe 
drugs commercially available for the treatment of cancer were isolated from nature (plants) and perhaps 
from the plants themselYes, the best molecules could be obtained Zith the benefits mentioned aboYe. As a 
final point, there are still medicinal plants used in ethnomedicine to treat cancer from which its extracts/
fractions/isolated compounds have not yet been scientifically validated by in vitro and in vivo methods, 
or in other cell lines and animal models. In the same sense, preparations/isolated compounds from 
the plants which were evaluated on in vivo assays (animal models), not all they have been submitted 
to preclinical (phase 0) and clinical studies (phases I–IV), together with safety, efficacy, and quality 
assessments that are necessary for the development of commercially available drugs. Therefore, scientists 
who study medicinal plants (e.g., ethnobotanists, ethnopharmacologists, biologists, molecular biologists, 
chemists, pharmacologists, toxicologists, pharmacists, etc.) could still take part to fill each knowledge 
gap in this area and thus contribute to solving in part this problem/disease.
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Use of Ethnomedicinal Herbs to 

Treat and Manage Schistosomiasis in 

Zimbabwe: Past Trends and  

Future Directions

Alfred Maroyi

Introduction 

Schistosomiasis also known as bilharzia is a freshwater snail transmitted intravascular debilitating disease 
resulting from infection by the parasitic dimorphic Schistosoma trematode worms which live in the 
bloodstream of humans (Steinmann et al. 2006, Inobaya et al. 2014, Adenowo et al. 2015, WHO 2017a). 
Schistosomiasis is a neglected tropical disease that ranks second only to malaria in terms of human suffering 
in the tropics and subtropics (Inobaya et al. 2014). Reports by the World Health Organization (WHO 
2017a) showed that at least 218 million people required preventive treatment for schistosomiasis and 
more than 66.5 million people were reported to have been treated for the disease in 2015. Schistosomiasis 
transmission has been reported from 78 countries while preventive chemotherapy for schistosomiasis is 
required in 52 countries where the disease is endemic with moderate-to-high transmission (WHO 2017a). 
According to WHO (2017b), schistosomiasis causes more than 200,000 deaths per year in sub-Saharan 
Africa. Previous reports by Adenowo et al. (2015) revealed that sub-Saharan Africa accounted for 93% (192 
million) of the world estimated 207 million cases of schistosomiasis in 2014 with the highest prevalence of 
this infection recorded in Nigeria (29 million), followed by Tanzania (19 million), Ghana and Democratic 
Republic of Congo with 15 million each and Mozambique with 13 million. Schistosomiasis causes great 
health, social and financial burden on economies of households and JoYernments in sub�6aharan Africa 
with profound negative effects on child development, outcome of pregnancy, and agricultural productivity 
(Adenowo et al. 2015). Schistosomiasis is more rampant in poor and marginalized rural communities where 
fishinJ and aJricultural actiYities are dominant �AdenoZo et al. ����, :+2 ����a�. :omen and children 
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doing domestic chores such as washing clothes and fetching water in infected water sources are at risk 
as inadequate hygiene and contact with infected water expose such people to schistosomiasis infection.

There are tZo maMor forms of schistosomiasis, namely intestinal and uroJenital caused by fiYe diJenean 
blood Àukes of the Jenus Schistosoma (WHO 2017a). Schistosoma haematobium causes urogenital 
schistosomiasis in Africa, the Middle East and Corsica in France (WHO 2017a) affecting about 54 countries 
in total (Ojewole 2004). The other four Schistosoma species are responsible for intestinal schistosomiasis 
with Schistosoma mansoni distributed in Africa, Brazil, the Caribbean, the Middle East, Suriname and 
Venezuela, Schistosoma japonicum (China, Indonesia and the Philippines), Schistosoma mekongi (several 
districts in Cambodia and Lao People’s Democratic Republic), Schistosoma guineensis and closely related 
Schistosoma intercalatum �confined to the rain forest areas of central Africa� �:+2 ����a�. 6chistosomiasis 
is spread when the larvae of Schistosoma species are liberated by the infected snail, intermediary host, get 
in contact with the human host and subsequently penetrate the skin. Therefore, in humans, schistosomiasis 
is spread through skin contact with fresh water containing infectious larvae of Schistosoma species. 
Biomphalaria snails are responsible for the transmission of Schistosoma mansoni, Bulinus snails transmit 
Schistosoma haematobium while Schistosoma japonicum is spread by the freshwater snail Oncomelania 
(Adenowo et al. 2015). Once inside the human body, the pathogens differentiate into schistosomules, which 
migrate via the bloodstream to the liver and develop into male and female mature forms (Ndjonka et al. 
2013). After mating, the worms migrate again and relocate at the mesenteric intestinal veins or the venous 
plexus of the urinary system. The females release eggs, which are able to pass epithel of the blood vessels 
and reach the intestinal lumen, the bladder or urethra lumen in order to be expelled by faeces or urine. 
Some of these eggs also remain in these tissues and the damage of blood vessels, together with immune 
reactions against the retained eggs are responsible for the clinical forms of schistosomiasis (Ndjonka et 
al. 2013). According to WHO (2017a), intestinal schistosomiasis can result in abdominal pain, diarrhoea, 
and blood in the stool. Liver enlargement is common in advanced cases, and is frequently associated with 
an accumulation of Àuid in the peritoneal caYity and hypertension of the abdominal blood Yessels. The 
classic siJn of uroJenital schistosomiasis is haematuria �blood in urine�, fibrosis of the bladder and ureter, 
and kidney damage are sometimes diagnosed in advanced cases of urogenital schistosomiasis (WHO 
2017a). Bladder cancer is another possible complication in the later stages of urogenital schistosomiasis. 
In women, urogenital schistosomiasis may present with genital lesions, vaginal bleeding, pain during 
sexual intercourse and nodules in the vulva. In men, urogenital schistosomiasis can induce pathology of 
the seminal vesicles, prostate and other organs. This disease may also have other long-term irreversible 
consequences such as infertility in both men and women (WHO 2017a). The economic and health effects 
of schistosomiasis are considerable and the disease disables more than it kills. In children, schistosomiasis 
can cause anaemia, stunting and a reduced ability to learn, although the effects are usually reversible with 
treatment and chronic schistosomiasis may affect people’s ability to work and in some cases can result 
in death (WHO 2017a).

Schistosomiasis in Zimbabwe

%efore the adYent of human immunodeficiency Yirus �+,9� and acTuired immunodeficiency syndrome 
(AIDS), schistosomiasis was ranked second after malaria in terms of public health importance in Zimbabwe 
(Chimbari 2012). Schistosomiasis has for several years been among the top 10 causes of hospital admissions 
in Zimbabwe, an indication of its public health importance (Chimbari 2012). Both urinary and intestinal 
schistosomiasis are endemic in Zimbabwe, caused by Schistosoma haematobium and Schistosoma 
mansoni respectively. The disease is widespread throughout the country in both rural and urban areas 
with Schistosoma haematobium more widespread than Schistosoma mansoni at prevalences of 18.0% and 
7.2% respectively (Midzi et al. 2014). In Zimbabwe, Schistosoma haematobium and Schistosoma mansoni 
are transmitted by the intermediate snail hosts Bulinus globosus and Biomphalaria pfeifferi respectively 
(Pedersen et al. 2017) with both snail species common in most bodies of fresh water in the country. 
Schistosomiasis control in Zimbabwe included control of intermediate host snails Biomphalaria pfeifferi 
and Bulinus globosus and treatment based approach (Chimbari 2012), see Table 2.1.
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Table 2.1 Schistosomiasis control in Zimbabwe.

Control model Relevant notes

Two plant-based molluscides 
(Phytolacca dodecandra L’Hér. 
and Jatropha curcas L.) have 
been studied with a view to use 
them in preference to the WHO 
recommended molluscicide, 
niclosamide

Phytolacca dodecandra has been studied in sufficient detail to Mustify its application 
while Jatropha curcas studies were only done in the laboratory (Chimbari 2012). The 
potency of water extracts of Jatropha curcas is much lower (75 ppm) compared to that 
of Phytolacca dodecandra (10 ppm) implying that larger quantities of the former would 
be required to sustain snail control activities. This control model has been characterized 
by low level community participation, poor leadership, low economic value of the 
plant, inaccessible fields, and lack of tanJible benefits �&himbari �����. 2ther plant 
species that have been used for schistosomiasis control in Zimbabwe with known 
molluscicidal properties include Combretum imberbe Wawra, Ricinus communis L., 
Trichilia emetica Vahl, Vernonia amygdalina Delile and Ximenia caffra Sond (Ojewole 
2004).

Ducks were introduced as a 
strategy to control intermediate 
host snails for schistosomiasis

AccordinJ to &himbari ������ ducks made siJnificant impact in reducinJ snail numbers 
in ponds but the costs associated with transportation of the ducks and looking after 
them to avoid poaching were high. Furthermore, the breeding and maintenance costs of 
the ducks were high as they were exotic species (Chimbari 2012).

Fish (Sargochromis 
codringtonii) was introduced as 
a strategy to control intermediate 
host snails for schistosomiasis

Comprehensive studies showed that pulmonates and not necessarily intermediate host 
snails Zere preferred by the fish �Sargochromis codringronii) and that vegetation 
proYided refuJia for snails aJainst the predator fish �&himbari �����. Sargochromis 
codringronii Zas often attacked by a fish herbiYore �Tilapia rendalli), and Sargochromis 
codringronii could only acclimatize to small ponds (100 m X 100 m X 1–1.5 m depth) 
in some regions of the country (Chimbari 2012).

Competitor snail (Bulinus 
tropicus) was introduced as a 
strategy to control intermediate 
host snails for schistosomiasis

Laboratory studies shoZed siJnificant reduction in reproductiYity of Bulinus globosus 
in the presence of the competitor snail (Bulinus tropicus) and evidence of Bulinus 
tropicus preying on Bulinus globosus eggs, but further enclosure studies did not show 
any siJnificant effect of Bulinus tropicus on Bulinus globosus population density 
suggesting the competition between the two snail species was not an important control 
strategy of schistosomiasis in Zimbabwe (Chimbari 2012).

Use of praziquantel

Praziquantel (PZQ) is the drug of choice for the treatment of schistosomiasis in Zimbabwe. According to 
Magnussen (2003), a single dose of 40 mg/kg has been widely accepted as the standard dosage resulting 
in cure rates of 60 to 95%. Research done by Doenhoff et al. (2008) and Aragon et al. (2009) revealed that 
PZQ is not 100% curative in killing adult worms, cannot kill migrating schistosomulae or the early stages 
of the disease and does not preYent re�infection. 8ntil recently, children aJed fiYe years and beloZ Zere 
excluded from schistosome treatment using PZQ, creating a health inequity in affected populations (Mutapi 
et al. �����. 5esearch by Mutapi et al. ������ reYealed that 3=4 treatment is as safe and efficacious in 
children aJed one to fiYe years as it is in older children in Zhom 3=4 is the druJ of choice for control of 
schistosome infections. In affected populations, children carry the heaviest burden of schistosome infection 
(Gryseels and de Vlas 1996, Midzi et al. 2008, Mutapi et al. 2011) with urogenital schistosomiasis causing 
haematuria, dysurea, nutritional deficiencies, anaemia, JroZth retardation, decreased physical performance 
and impaired memory and cognition in young children (Mutapi et al. 2011). Control of schistosome 
infections is through treatment of infected people with a single dose of the anthelmintic drug PZQ which 
is safe, cheap (costing less than US$0.50/dose) and can reverse schistosome-related morbidity particularly 
in the early stages of disease progression (King 2006, Mutapi et al. 2011). In South Africa, only Bayer’s 
Biltricide® (PZQ) is available for the treatment of schistosomiasis at a cost of US$4.49 per tablet making 
mass treatment programmes unaffordable and almost impossible to run in the country (Magaisa et al. 
2015). Research by Magaisa et al. (2015) revealed that PZQ is not fully stocked in local clinics in South 
Africa as the drug is considered to be too expensive. In 2010, the WHO updated their recommendations 
for the treatment of schistosomiasis in children aJed fiYe years and beloZ, alloZinJ reJular pre�school 
based deworming using PZQ, aimed at reducing morbidity and promoting child health (Mutapi 2015). 
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Previous research by Midzi et al. (2008) and Mutapi et al. (2011) showed that PZQ usage in Zimbabwe is 
efficacious, Zith schistosome cure and eJJ reduction rates typically Jreater than ���. 

According to Ross et al. (2017), the PZQ strategy of eliminating schistosomiasis is failing and will not 
lead to disease elimination as only 5% of the reservoir human population is actually receiving intermittent 
chemotherapy. This strategy is failing because the drugs are not getting to the people who need them the 
most, the current Jlobal coYeraJe is ���, the druJ compliance rate is less than ��� and the druJ efficacy 
is approximately 50% (Ross et al. 2017). Adverse effects associated with PZQ usage including fatigue, 
urticaria, gastrointestinal and abdominal pains, nausea, vomiting, headache and dizziness (Mutapi 2015). 
Researchers such as Neves et al. (2015) are concerned about reliance on a single PZQ drug for treating and 
managing schistosome infections which are known to be affecting 249 million people. Praziquantel is now 
facinJ the threat of druJ resistance as reYealed by both laboratory and field trials �)allon and 'oenhoff 
1994, Ismail et al. 1994, Fallon et al. 1995, Ismail et al. 1996, Melman et al. 2009, Couto et al. 2011). These 
reports of PZQ resistance indicates the need for new effective compounds to treat and manage schistosome 
infections, and globally, there is renewed interest in natural products as a starting point for drug discovery 
and development for schistosome infections (Ndjonka et al. 2013, Neves et al. 2015).

Potential of herbal medicines in treating and managing schistosomiasis in 
Zimbabwe

The only control method of schistosomiasis in Zimbabwe that has been successful is the use of PZQ. Other 
strategies meant to reduce schistosome infection include educating the public about sanitation, use of 
clean water and avoiding infected water bodies. The interest in medicinal plants used as herbal medicines 
for shistosomiasis or bilharzia (Gelfand et al. 1985, Hedberg and Staugard 1989, Ndamba et al. 1994, 
Hutchings et al. 1996, Mavi 1996, Clark et al. 1997, Sparg et al. 2000, Mølgaard et al. 2001, Maroyi 2011, 
Aremu et al. 2012) and PZQ developing drug resistances (Fallon and Doenhoff 1994, Ismail et al. 1994, 
Fallon et al. 1995, Ismail et al. 1996, Melman et al. 2009, Couto et al. 2011), and the limited access of 
poor communities and those in marginalized areas to PZQ have stimulated renewed interest in the current 
use and future potential of plant products in treating schistosomiasis, both as part of traditional health 
care practices and in developing new conventional medicines. In this study, 35 plant species belonging to  
16 families and 32 genera are known to be widely used in the treatment and management of schistosomiasis 
in Zimbabwe (Table 2.2). Plant species recorded in Table 2.2 have been cited by at least two independent 
researchers as herbal medicines for schistosomiasis or cited by at least one researcher but are also known 
to have anthelmintic bioactivity based on in vitro or in vivo studies. The majority of these plant species 
(65.7%) are from four families, Fabaceae with 13 species, followed by Anacardiaceae with four species, 
and Asteraceae and Combretaceae families with three species each. The rest of the plant families are 
represented by a single species each, and the most common genera are Lannea, Terminalia and Vernonia 
with two species each (Table 2.2). 

Shrubs (42.8%) and trees (40.0%) appear to be the primary sources of herbal medicines used for 
treating and managing schistosomiasis in Zimbabwe (Fig. 2.1A). The roots are the most frequently used 
plant parts (91.4%), followed by the bark (22.9%) and leaves (14.3%) (Fig. 2.1B). All plant remedies are 
usually utilized in the form of extracts and taken orally (Table 2.2). Monotherapy preparations made from 
a single plant species are the most dominant (74.3%) form of herbal preparations (Table 2.2). Apart from 
roots of Elephantorrhiza goetzei (Harms) Harms which are mixed with those of Piliostigma thonningii 
(Schumach.) Milne-Redh. (Gelfand et al. 1985, Ndamba et al. 1994), the remainder of the species (17.1%) 
are mixed with Vigna unguiculata (L.) Walp. (Table 2.2). Research conducted by Gelfand et al. (1985) and 
Ndamba et al. (1994) revealed that roots of Vigna unguiculata are usually mixed with Eriosema englerianum 
Harms, Erythrina abyssinica Lam. ex DC., Euclea divinorum Hiern, Lannea edulis (Sond.) Engl., Terminalia 
sericea Burch. ex DC. and Vernonia amygdalina Delile as herbal medicine for schistosomiasis.

More than three quarters (88.6%) of the plant species widely used as herbal medicines for treating and 
managing schistosomiasis in Zimbabwe exhibited various degrees of anthelmintic activities (Table 2.3). 
Research conducted by Molgaard et al. (2001) which evaluated anthelmintic activities of Zimbabwean 
plants traditionally used against schistosomiasis revealed that the extracts of stem and root of Abrus 
precatorius, root bark and leaves of Ozoroa insignis and root bark of Ziziphus mucronata showed the best 
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results against tapeworms. According to Molgaard et al. (2001), the best results against schistosomules 
were obtained with stem and root extracts of Abrus precatorius and stem bark of Elephantorrhiza goetzei. 
Similarly, Ndamba et al. (1994) investigated herbal medicines used against schistosomiasis in Zimbabwe 
based on interviews with 286 traditional healers and the authors documented a total of 47 plant species. 
Based on this survey, the seven most commonly used plant species Abrus precatorius, Ozoroa insignis, 
Dicoma anomala, Ximenia caffra, Lannea edulis, Elephantorrhiza goetzei and Pterocarpus angolensis were 
collected, prepared as described by the traditional healers, their efficacy Zas eYaluated usinJ laboratory 
animals previously exposed to Schistosoma haematobium cercariae. The anthelmintic activity from the 
extract of the bark of Pterocarpus angolensis was found to be comparable to that of PZQ, the root bark 
of Ozoroa insignis and the root of Abrus precatorius were also lethal to adult schistosomes (Ndamba  
et al. 1994).

Future research and conclusion

From a research and development point of view, many herbal medicines used against schistosome infections 
have not received any major emphasis from government departments, non-governmental organisations 
in Zimbabwe, and as such, plant species used against schistosomiasis have remained underutilized. 
1eYertheless, the maMority of the medicinal plants documented in this study achieYe their efficacies 
by reducing Schistosoma species egg-hatching and larval motility or metabolism (Ndamba et al. 1994, 
Sparg et al. 2000, Mølgaard et al. 2001). Unfortunately, the modes of action of these medicinal plants 
have not been fully explored. Therefore, contemporary research involving herbal medicines used against 
schistosomiasis is promising, the results obtained so far are too preliminary and sometimes too general to 
be used to explain and support usage of such species against schistosome infections. In addition to this, 
most of the anthelmintic evaluations done so far, are routine screenings using standard procedures lacking 
molecular mechanisms of the pharmacological effects of the herbal medicines. There is not yet enough 
systematic data regarding the pharmacokinetics and clinical research on medicinal species used against 
schistosome infections. There are also very few experimental animal studies, randomized clinical trials 
and target-organ toxicity studies involving some of these herbal medicines and their derivatives that have 
been carried out so far. Therefore, future studies should identify the bioactive components, details of the 
molecular modes or mechanisms of action, pharmacokinetics and physioloJical pathZays for specific 
bioactives of the documented plant species that are used against schistosome infections.
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Fig. 2.1 Characteristics of the plants used as herbal medicines in treating and managing schistosomiasis in Zimbabwe. (A) 
Growth form habit represented in pie diagram and (B) plant parts used represented in bar chart.
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Introduction 

Hypertension is a worldwide disease, and it is the most common serious chronic health problem and also 
a high risk factor for myocardial infarction, arteriosclerosis, stroke, and end-stage renal disease. Twenty 
five percent of the world’s adult population has hypertension and this is likely to increase by 30% by 2025 
(WHO 2013, World Heart Federation 2015).

The primary treatment for hypertension is: stress management, maintaining proper weight, reducing 
salt intake, limiting alcohol consumption, aerobic physical activity and dietary control. The hypertension 
guidelines indicated that when these treatments are not enough, drugs should be administered (Mancia 
et al. 2013, James et al. 2014); antihypertensive drugs have proved to be effective, but they have many 
side effects, such as reduced renal function, dry cough, angioedema among others effects (Kiriyama et 
al. 2016). Hence, the management of hypertension by herbal medicine can be a complementary treatment 
(Landázuri et al. 2017, Leung et al. 2017), and ethnobotanical studies for use of medicinal plants for the 
management of hypertension can be of great help (Baharvand-Ahmadi et al. 2016, Rawat et al. 2016). 

Ethnobotany is a specific field of scientific study of the plants, and also their relationship with people. 
Modern ethnobotanists strive to collect all available data on the use of plants, to document the biodiversity 
of medicinal plants and the methods of use (Popovi et al. 2016).

Blood pressure (BP) is controlled by several mechanism: local mechanisms of BP control (i.e., 
nitric oxide (NO), endothelin), neural mechanisms (i.e., sympathetic nervous system), renal-endocrine 
mechanisms (i.e., Renin-Angiotensin-Aldosterone-System (RAAS), and a variety of other hormones (i.e., 
antidiuretic hormone)). 

RAAS activation is a very important mechanism responsible for regulation of BP and the Angiotensin 
Converting Enzyme (ACE), is the key enzyme that regulates RAAS, which is a system that is also involved 
in the regulation of plasma sodium concentration. 

Bioactive compounds in plants, such as polyphenols and peptides, may be useful in the prevention of 
cardiovascular diseases, such as hypertension (Medina-Remón et al. 2015, Shayganni et al. 2016, Ferreira 
et al. 2017). 
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Bioactive compounds in plants including polyphenols and peptides, may be useful in the prevention 
of cardiovascular diseases, such as hypertension; thus, the antihypertensive activity of several of these 
metabolites result from inhibition of ACE, or calcium channel blockade, among other mechanisms of 
action (Rawat et al. 2016). Thus in recent years, the inhibitory effect on ACE activity of Passiflora edulis, 
Phthirusa pyrifolia, and Eucommia ulmoides Oliver has been demonstrated (Restrepo et al. 2013, Restrepo 
et al. 2014, Yan et al. 2017) and calcium channel blockade of Achillea wilhelmsii (Niazmand et al. 2014, 
Rawat et al. 2016). 

Thus, the objective of this chapter is to contribute to the review of some medicinal plants, whose 
extracts or active compounds have demonstrated efficacy on blood pressure regulation systems, such as 
the RAAS, the blocking of calcium channels, nitric oxide release and arterial vasorelaxation.

Ethnobotanical studies and hypertension

Ethnobotanical studies can be defined as the scientific research of plants, as they are used in native cultures 
for food, medicine, spiritual therapies, rituals, pesticides or other applications, used alone or in combination 
to diagnose, treat, and prevent diseases or maintain well-being (Olowokudejo et al. 2008).

Ethnobotanical studies have provided reliable guides for use of herbal medicines that nature offers; 
nature is the greatest source of medicaments for many health problems, consequently, today herbal medicines 
are used alone or in combination with traditional pharmaceutical compounds to treat various ailments 
(Falzon et al. 2017, Lin et al. 2017), without forgetting that a high percentage of the new medicaments 
approved, have been derived directly or indirectly from natural products (Dutra et al. 2016, Gerwick 2017, 
Petroni et al. 2017); in these ethnobotanical studies, there are many medicinal plants recommended by native 
communities for the treatment of hypertension; this general knowledge provides new areas of research 
related to the active principles and mechanisms of action of these plants in hypertension management 
(Ahmad et al. 2015, Baharvand-Ahmadi et al. 2016, Lee and Hur 2017). 

Hypertension 

Blood pressure is the force exerted by circulating blood on the artery walls, which originates in the pumping 
action of the heart, and is produced primarily by the contraction of the heart (James et al. 2014). BP is 
measured in millimeters of mercury (mm Hg). It is recorded as two indexes: Systolic Blood Pressure 
(SBP), which shows the force that blood exerts against artery walls when the heart beats to pump blood to 
the peripheral organs and tissues, and Diastolic Blood Pressure (DBP), indicates the force that the blood 
is exerting against artery walls while the heart is resting between beats. It is postulated that the normal 
values of systolic pressure for healthy individuals should vary between 100 mm Hg and 140 mm Hg and 
the diastolic pressure values varies between 60 mm Hg and 100 mm Hg (Mancia et al. 2013, WHO 2013, 
James et al. 2014, Vardanyan et al. 2016).

High blood pressure or arterial hypertension is a serious medical condition. Hypertension has been 
called the “silent killer”, because people with hypertension do not have any signs or symptoms, and many 
do not even know they have it. According to the American or European Societies of Hypertension a person 
suffers this condition when its SBP is consistently higher than 140 mm Hg and/or its DBP is ≥ 90 mm Hg 
(Mancia et al. 2013, James et al. 2014). 

For 90 to 95% of patients, the causes of hypertension are unknown, this hypertension is classified as 
essential or primary hypertension. The remaining 5 to 10% are cases of secondary hypertension caused by 
underlying heart, kidney, or endocrinal diseases, certain cancers, or use of cocaine, amphetamines, thyroid 
supplements, or corticosteroids (Mancia et al. 2013, James et al. 2014).

WHO estimates that approximately one billion people all over the world suffer from hypertension. 
It is further estimated that this number will escalate to more than 1.56 billion by the year 2025 (WHO 
2013) and that hypertension occurrence is around 20–30% in the adult population in developed countries 
(Chockalingam et al. 2006, WHO 2013, Ahmad et al. 2015, World Heart Federation 2015). 

On the other hand, in a large number of studies the relationships between high BP values and fatal 
cardiovascular and renal events have been addressed (Nangia et al. 2016, Textor 2017, Torlasco et al. 2017). 
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WHO also estimates that hypertension is responsible for at least 45% of deaths due to heart diseases, and 
that 51% of deaths worldwide are due to hypertension, which is one of the most important causes (WHO 
2013, Lima Prando et al. 2015).

Many antihypertensive agents, such as diuretics, β blockers, calcium-channel blockers, and RAAS 
blockers as angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers among others, 
are used separately or in combination to treat this disease (Charlton and Thompson 2015, Vardanyan et al. 
2016). However and despite its effectiveness, these medications can cause serious side effects, like adverse 
cardiovascular outcomes, diabetes, dry coughing, bradycardia, arrhythmia, electrolyte disturbances, fluid 
retention and headache among others (Ahmed et al. 2015, Charlton and Thompson 2015, Nishioka et al. 
2015, Kiriyama et al. 2016). Also non adherence to antihypertensive treatment is a critical contributor to 
suboptimal blood pressure control (Alsabbagh et al. 2014).

These problems have motivated researchers to find new medicines from medicinal plants, to control 
hypertension and with fewer side effects (Nunes et al. 2015, Baharvand-Ahmadi et al. 2016, Popovi et al. 
2016). Recently, several ethnobotanical studies showed that hundreds of plants are used worldwide for 
empirical hypertension treatment (Ahmad et al. 2015, Nunes et al. 2015, Baharvand-Ahmadi et al. 2016, 
Lee et al. 2017). On the other hand, the results of several ethnobotanical surveys indicated that interviewed 
patients used medicinal plants to treat hypertension because phytotherapy is cheaper, more efficient and 
better than modern medicine (Charlton and Thomson 2015, Eddouks et al. 2017). 

In this context, the treatment adherence, the cost-benefit ratio, cultural beliefs and well-being, achieved 
by the use of medicinal plants for the hypertension treatment, generate the idea of reliability and safety 
of these herbal medicines, contributing to improve/increase the therapeutic repository tools and helping 
adherence to antihypertensive medications (Lima Prando et al. 2015).

Blood pressure control by medicinal plants

Various mechanisms have been suggested for the maintenance of blood pressure in humans. One such 
well known system is the RAAS, another mechanisms for reduction of hypertension are blocking Ca2+ 
channels in cellular membrane (by calcium antagonists), or blocking, the sympathetic and parasympathetic 
nervous system, because some blood vessels are innervated by sympathetic adrenergic nerves, which 
release norepinephrine (NE) as a neurotransmitter. Other blood vessels are innervated by parasympathetic 
or sympathetic cholinergic nerves, both which release acetylcholine as their primary neurotransmitter. 
NE binds alpha-1 and alpha-2 adrenoceptors to cause smooth muscle contraction and vasoconstriction; 
while acetylcholine binds to muscarinic receptors on the smooth muscle and/or endothelium and results 
in vasodilation.

On the other hand, ACE inhibition is largely related to two types of blood pressure control, RAAS 
and Nitric Oxide System (NOS). In the first control, ACE cleaves the C-terminal dipeptide His-Leu of 
Angiotensin Ι (ANG I), resulting in Angiotensin II (ANG II), that increases blood pressure through binding 
to receptors AT1 and AT2, especially, AT1 receptor to induce vasoconstriction (Patel et al. 2017). ACE is 
also the main enzyme that destroys bradykinin which binds to beta-2-receptors that cause an increase in 
intracellular Ca2+ level. The increased Ca2+ level and bradykinin lead to nitric oxide synthase to convert 
L-arginine to nitric oxide, the second system, which is a potent vasodilator (Balakumar and Jugadeesh 2014).

Ethnobotanical studies have described hundreds of plants used by communities for hypertension 
management, 99 plants were found in only four papers (2015–2016), Baharvand-Ahmadi et al. (2016) 
reported 27 medicinal plants from 22 families, Polat et al. (2015) found five plants from three families, 
Ahmad et al. (2015) reported 46 plants from 29 families and Rawat et al. (2016), described 21 plants. In 
the last report they described the action mode of the plants and their clinical evidences. 

In this chapter we included 10 plants, which were chosen because they were cited three or more times 
in the reviewed literature and have described compounds and a possible mechanism of action. 

Achillea wilhelmsii C. Koch. (A. wilhelmsii), Asteraceae family. Common name yarrow. This plant 
contains flavonoids and sesquiterpene lactones, which have shown to be effective in lowering hypertension 
in men and women (Asgary et al. 2000). They showed that hypertensive subjects treated with hydroalcoholic 
extract (15–20 drops) twice daily for more than 6 months, had decreased diastolic and systolic blood 
pressure after 2 and 6 months, respectively (p < 0.05).
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Allium sativum L. (A. sativum), Liliaceae family. Common name: garlic. Several epidemiological 
studies suggest an antihypertensive effect of A. sativum and its bioactive components, principally S-allyl 
cysteine and allicin (Ried et al. 2014). These authors proposed that garlic-derived polysulfides stimulate 
the production of the vascular gaso-transmitter hydrogen sulfide (H2S) and enhance the regulation of 
endothelial Nitric Oxide (NO), which induce smooth muscle cell relaxation, vasodilation, and blood 
pressure reduction. On the other hand, Ashraf et al. (2013), evaluated the effects of garlic on blood pressure 
in patients with essential hypertension; patients received between 300 and 1500 mg in divided doses per 
day for 24 weeks; the study showed significant decrease for both systolic and diastolic blood pressure in 
a dose dependent manner. 

Annona muricata L. (A. muricata), Annonaceae family. Common name: soursop graviola or guanabana. 
The tree grows natively in the Caribbean and Central America; more than 200 compounds have been isolated 
and identified from different parts of this plant, phenols, alkaloids and acetogenins were the most important 
and effective compounds isolated from leaves, barks, seeds, roots and fruits (Patel and Patel 2016). The 
leaf extract of the plant (9.17–48.5 mg/kg body weight) administered to normotensive Sprague-Dawley 
rats has been reported to lower an elevated blood pressure through peripheral mechanisms involving 
antagonism of Ca+2 (Nwokocha et al. 2012). 

Artemisia campestris L. (A. campestris), Asteraceae family. Common names: field sagewort, beach 
wormwood, field sagebrush, field wormwood; it is a medicinal herb traditionally used to treat hypertension. 
The oil of the air-dried (AcEO) plant has the spathulenol (10.19%) as main component, followed by 
ß-eudesmol (Dib et al. 2017); this study showed evidence about the signaling mechanism of vasorelaxation 
induced by AcEO, showing that essential oil acts via L-type calcium channels.

Apium graveolens L. (A. graveolens), Apiaceae family. Common name: Celery. This plant has 
demonstrated antioxidant activity. The n-butylphthalide (NBP) is one of the chemical constituents in 
celery oil (Houston 2005). Extract of  A. graveolens was administered as an antihypertensive agent in 
folk medicine (Gharouni and Sarkati 2000, Moghadam et al. 2013, Vergara-Galicia et al. 2013). Vergara-
Galicia et al. (2013) in their study concluded that extracts caused concentration-dependent relaxation in 
precontracted aortic rings with and without endothelium; for this, the authors suggested that the effect 
induced by dichloromethane and ethyl acetate extracts from A. graveolens is mediated probably by calcium 
antagonism. 

Avena sativa L. (A. sativa). Poaceae family. Common names: Oats, avoine, hafer, avena; 
Avenanthramides are one of the chemical constituents of A. sativa, avenanthramides are a group of alkaloids, 
consisting of an anthranilic acid derivative linked to hydroxycinnamic acid derivative. The three major 
avenanthramides reported in oat are avenanthramides 1, 3, and 4 (Peterson et al. 2002). These compounds 
are bioavailable and have anti-inflammatory, anti-atherogenic and antioxidant properties (Peterson et al. 
2002, Fu 2015, Martinez-Villaluenga and Penas 2017). Nie et al. (2006) showed that avenanthramides of 
oats inhibit vascular smooth muscle cell proliferation and enhance nitric the oxide production.

Berberis vulgaris L. (B. vulgaris), (berberidaceae family). Common name: barberry. Berberine 
(BBR), a type of isoquinoline alkaloid, is the major active component of B. vulgaris, BBR exhibits several 
pharmacological activities such as antioxidant activity and has a broad range of therapeutic potential uses 
including hypertension (Tabeshpour et al. 2017); while Fatehi-Hassanabad et al. (2005), showed that 
aqueous extract from Berberis vulgaris fruit lowers blood pressure in rats (DOCA-induced hypertension) 
and suggested that the antihypertensive and vasodilatory effects of B. vulgaris fruit extract are mainly 
endothelial-independent.

Morus alba L. (M. alba), Moraceae family. Common name: mulberry. Both the fruits and roots have 
been used traditionally to prevent and treat symptoms associated with cardiovascular disease as hypertension 
in eastern countries. Rutin and quercetin, were two of the primary components of the leaf (Aminah et al. 
2014). In a study Xia et al. (2008) showed that the ethyl acetate extract from leaves (ELM) of M. alba 
on rat thoracic aorta (0.125–32 g/L) induced a concentration-dependent relaxation (P < 0.01 vs. control), 
their results also showed that ELM has vasoactive effects and was mediated by inhibition of voltage- and 
receptor-dependent Ca2+ channels; similar to that found by Khan et al. (2014) in anaesthetized rats. On 
the other hand, Carrizzo et al. (2016) described that M. alba extract through its action on eNOS signaling, 
could act for the regulation of arterial hypertension.
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Myrtus communis L. (M. communis), Myrtaceae family; common name: Myrtle. Is an evergreen 
shrub; phytochemical analysis of ethyl acetate extract from this plant revealed the isolation of myricetin-
3-O-rhamnoside, a major flavonol in this plant. The results of Bouaziz et al. (2015) study showed that 
intravenous injection of methanol and ethyl acetate extract at 0.04 to 12 mg/kg body weight, induced 
a dose-dependent and transitory decrease in SBP, DBP of the anesthetized rats and that the maximum 
decrease in SBP and DBP was 19 ± 2%; 22 ± 3% and 30 ± 3%; 34 ± 1% for methanol and ethyl acetate 
extract respectively at the dose of 12 mg/kg. 

Passiflora edulis Sims. (P. edulis) Passifloraceae family. Common name: passion fruit. Extracts of the 
family are known to have several important physiological effects in humans, such as anxiolytic, antitussive, 
antitumoral and antihypertensive properties (Li et al. 2001, Deng et al. 2010, Aguillón et al. 2013, Konta 
et al. 2014, Restrepo et al. 2014). Passifloraceae genus contains several compounds including alkaloids, 
phenols, glycosyl flavonoids and cyanogenic compounds (Dhawan et al. 2004, Ichimura et al. 2006, 
Restrepo et al. 2014); flavonoids as luteolin-6-C-chinovoside and luteolin-6-C-fucoside and aminoacids 
as gamma aminobutyric acid (GABA) have been isolated from leaves of P edulis (Martinez-Villaluenga 
and Peñas 1991). Flavonoids exhibit diverse biological effects, including inhibition of protein kinase C, 
inhibition of cyclic nucleotide phosphodiesterase, decrease in Ca+2 uptake, and vasodilatory actions (Chan 
et al. 2000, Ichimura et al. 2006; Tiwaria and Husain 2017). About the antihypertensive properties of P. 
edulis extracts, Ichimura et al. (2006), postulated that the antihypertensive effect of the extract (10 mg/kg) 
in SHRs might be due mostly to the GABA induced antihypertensive effect and partially to the vasodilatory 
effect of polyphenols including luteolin.

Zingiber officinale Roscoe. (Z. officinale), Zingiberaceae family. Common name: Ginger. It is a 
well-known spice plant, used traditionally in a wide variety of ailments including management and 
prevention hypertension (Fugh-Berman 2000, Tabassum and Ahmad 2011, Akinyemi et al. 2013). The 
main components of ginger are 6-gingerol, 6-shogaol, 8-gingerol and 10-gingerol, these constituents exhibit 
strong antioxidant activity in vitro (Rahmani et al. 2014, Ghayur and Gilani 2005). The crude extract of 
ginger (Zo.Cr) induced a dose-dependent (0.3–3 mg/kg) fall in the arterial blood pressure of anesthetized 
rats (Fugh-Berman 2000); this vasodilator effect of Zo.Cr was endothelium-independent. These data and 
data from different authors indicate that the blood pressure-lowering effect of ginger is mediated through 
blockade of voltage-dependent calcium channels (Fugh-Berman 2000, Ghayur et al. 2005, Akinyemi et al. 
2013). Ginger also inhibited ACE in a dose-dependent manner (25–125 μg/mL) (Akinyemi et al. 2013). 

Table 3.1 summarizes and includes these 10 plants and Fig. 3.1 shows some of its active compounds.

Fig. 3.1 Some active compounds of medicinal plants used in the treatment and management of hypertension. Source: National 
Center for Biotechnology Information. PubChem Compound Database. Accessed Jan 10, 2018.
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These plants are used as infusion, decoction, beverages and fresh fruits or raw, but many of them have 
no scientific validation about their effectiveness or action mechanism or active compound.

Conclusion 

There were many plants in folkloric or traditional medicine that were used for the management of 
hypertension, some had clinical evidence, some had scientific evidence of their mechanism of action and 
others did not, but it is undeniable that these plants are the best source of drugs and therefore need to be 
studied in depth.

This work provides knowledge in medicinal plants used for hypertension treatment; describes some 
metabolites from these plants to inhibit ACE and calcium channel, or to increased nitric oxide release or/
and vasorelaxation.
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Table 3.1 Medicinal plants used for the treatment of hypertension; scientific name, family name, plant parts used. 

Scientific name Family name Part use Active compound (AC) or action mechanisms (AM)

Achillea wilhelmsii 
C Koch.

Asteraceae Aerial parts AC = flavonoids and sesquiterpene lactones
AM = antioxidant

Allium sativum L. Amaryllidaceae Bulb  AC = S-allyl L-cysteine and allicin.
AM = endothelial nitric oxide (NO) regulation; ACE 
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AM = ND

Avena sativa L. Poaceae/ 
Gramineae

Whole Cereal AC = Polyphenols (avenanthramides).
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Introduction

Ethnopharmacology is a recent discipline in the Academia. Although the term ethnopharmacology had 
firstly appeared in ����, ³Ethnopharmacological search for new psychoactive drugs´, the µidea¶ of this 
discipline had already been presented in ���� by Louis LeZin in his Zork entitled µ3hantastica¶.

2riJinally, ethnopharmacoloJy Zas defined as a science that souJht to understand, from field Zorks, 
the natural resources¶ �plants, animals� uniYerse used as druJs from human Jroups¶ point of YieZ. 2ne of 
these definitions Zas JiYen by 6chultes ������ ³...ethnopharmacology, sub area of ethnobotany, is a recent 
discipline in the academic world, and it refers to medical or pseudomedical use of plants and animals by 
pre-literate societies”.

+oZeYer, oYer time, some researchers haYe defined it in the conte[t of pharmacoloJical and 
phytochemical studies and not field Zork. That is, the plants or animals indicated durinJ the field Zork 
amonJ ,ndians, for e[ample, should be inYestiJated by these sciences in order to proYe or not their 
µempirical¶ use� hoZeYer, the field Zork itself Zould not be considered an ethnopharmacoloJical study. 2ne 
of these definition Zas employed by +olmstedt and %ruhn as ³...Whe inWerdisciSlinary scienWific e[SloraWion 
of biologically active agents traditionally employed or observed by men” �+olmstedt and %ruhn �����. This 
YieZ has been reinforced by current concepts, such as the ,nternational 6ociety for (thnopharmacoloJy 
������, “... interdisciplinary study of the physiological actions of plants, animals and other substances 
used in indigenous medicines of past and present cultures”.

These latter definitions, somehoZ, establish a link betZeen µtraditional and�or popular¶ and µacademic¶ 
knoZledJe. ,n this Zay, data from field Zork studies must be tested and proYen or not by academic science. 
+oZeYer, this Zas not the oriJinal idea Zhich intended to describe other cultures¶ medicine. The uses of 
plants and animals, as Zell as their effects, Zere seen in the conte[t of a particular human Jroup, Zhether or 
not official medicine could use it for its benefit. The historical traMectory of ethnopharmacoloJy definitions 
makes us think that ethnopharmacoloJy is only science if tested and approYed by our science� not seeinJ 
or recoJni]inJ other cultures knoZledJe as a science in itself.

� &enter for (thnobotanical and (thnopharmacoloJical 6tudies�,nstitute of (nYironmental 6ciences, &hemical and 
3harmaceutical, )ederal 8niYersity of 6mo 3aulo, 63, %ra]il.

� )ederal 8niYersity of 6mo 3aulo, 63, %ra]il.
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(thnopharmacoloJy does not deal Zith superstitions, but Zith popular knoZledJe related to traditional 
systems of medicine. To appreciate this knoZledJe it must be admitted, Zithout preMudice, as a body of 
knoZledJe, a product of the human intellect �(lisabetsky �����. Therefore, traditional and�or popular 
knoZledJe does not need to be Yalidated by µour¶ science to be leJitimate. ,t e[ists reJardless of its 
MudJment, criticism or eYaluation by µour medicine¶.

&onsiderinJ that ethnopharmacoloJy, inserted in the conte[t of ethnobioloJy, is the study of deYeloped 
knoZledJe and conceptuali]ations by any culture about its medical practices, the relations betZeen human 
populations and medicinal plants and the remedies used in traditional medical systems �(lisabetsky ����, 
AlbuTuerTue �����. This chapter aims to hiJhliJht the importance of studyinJ indiJenous communities, 
their knoZledJe and culture in order to Juide future pharmacoloJical studies of plants Zith possible action 
on the &entral 1erYous 6ystem �&16�. 

Ethnopharmacology: approaches and cultural context

(thnopharmacoloJy includes diYerse approaches as ethnopharmacoloJical surYeys carried out durinJ 
field Zork amonJ diYerse cultures in order to rescue aspects of local medicine� studies that relate human 
displacement to popular and�or traditional knoZledJe� studies that depart from popular and�or traditional 
knoZledJe to rescue plants �and other resources� that present use restriction, brinJinJ elements to eYaluate 
risks in these medicines consumption� studies comparinJ knoZledJe amonJ different cultures �eYen in 
the same biome�� and finally studies that depart from ancient literature reports to rescue the knoZledJe of 
medicinal resources used centuries ago.

The deYelopment of these approaches is based on methods and techniTues of anthropoloJy 
�ethnoJraphy� and bioloJy �botany and ]ooloJy�. (thnoJraphy is used to record the comple[ity of local 
medicines, as mentioned aboYe, includinJ medicinal uses of plants and animals in most cases �but also 
funJi, minerals, alJae and other substances�. :hile botanical and ]ooloJical methods are used to collect 
the resources �plants and animals� mentioned throuJh the indications �5odriJues and 2tsuka �����. As in 
ethnobotanical studies, methods and analyses of data may be TualitatiYe or TuantitatiYe, or²more rarely²it 
can inYolYe both approaches. )or more details, see �%ernard ����, Ale[iades �����.

AccordinJ to %alick and &o[ ������ tZo different approaches can be folloZed in order to select a 
plant species for inYestiJation. The first one is the random selection Zhere any plant can be choosen for 
the screeninJ of its substances Zithout takinJ into account its ta[onomic kinship, intrisic Tualities or 
ethnobotanical conte[t. (Yen thouJh some druJs, such as ta[ol used to treat oYarian and breast cancer, 
haYe been discoYered throuJh random selection, this approach has loZ success rates. The other is the tarJet 
approach Zhich can be done by Yarious Zays as the selection of a plant from a ta[onomic family or Jenus 
Zith knoZn medicinal properties, a particular habitat or assertiYe characteristics as immunity to predation 
by animals, and a plant indicated throuJh an ethnobotanical surYey. :hen both approaches are compared, 
authors contest that druJ discoYery are more likely to succeed Zhen ethnobotanical surYeys are conducted. 

6Yeta] et al. ������ tested plant species indicated by Latin America traditional medicine aJainst funJal 
pathoJens and concluded that plants indicated by the communities inhibited JroZth of pathoJenic funJi in a 
hiJher percentaJe than the plants choosen randomly ��� aJainst ����. The study conducted by *yllenhaal 
et al. ������ compared the bioassay actiYity of plants selected throuJh the random approach and the ones 
indicated by ethnomedicine from Laos and 9ietnam and they obserYed a hiJher actiYity rate in the plants 
collected accordinJ to the indications. AlthouJh some of the specific uses Zere not confirmed by the assays. 

The lack of e[pected effects on pharmacoloJical tests may occur because laboratory tests do not address 
cultural conte[ts in Zhich medicinal species are used, in other Zords, they are not accompanied by local 
practices and beliefs that proYide the meaninJ to medicinal plants, animals, and minerals. Therefore, eYen 
a species haYinJ actiYe therapeutic principles as indicated by a certain culture, do not act alone on healinJ 
conte[ts. The cultural therapeutic meaninJ contributes to its effect. Thus, pharmacoloJical tests should be 
conducted considerinJ this cultural conte[t, aYoidinJ misinterpretations of inefficiency for haYinJ been 
tested separately from beliefs and practices inYolYed in their uses �Moerman ����, 5eyes�*arcia �����. 
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%esides Zhich, a plant¶s efficacy failure on clinical tests can be related to translation Japs from 
³emic�´ to ³etic´� terms. 2ften ethnopharmacoloJical indications refer to ³local diseases´ or cultural�bound 
syndromes that reTuire riJorous obserYations and interpretation so they can be correlated Zith the correct 
³etic´ term used by conYentional medicine. 1eYertheless, the correct interpretation can be Yery hard to 
be achieYed, since cultural�bound systems often link clinical manifestations to conditions inÀuenced by 
cultural factors �TsenJ ����, 4uinlan �����, that do not alZays take into account conYentional medicine.

 Thus as defended by 3aJani et al. ������� “The correlation between the “emic” terms used by the 
local populations, with their correspondent “etic” terms and the natural resources used for the healing, may 
give insights to guide further pharmacological studies. One main role of ethnopharmacology is to address 
these correlations, since they are the bases for suggesting the potential bioactivity of these resources”.

The eYolution of ethnopharmacoloJy as a discipline has taken Jreat strides in the understandinJ 
of traditional cosmoloJies and it may contribute to Juide the deYelopment of neZ druJs. 6ome papers 
haYe brouJht discussions on the releYance of theoretical and methodoloJical contributions, as Zell as the 
importance of interdisciplinarity to the success of studies conducted �:aldstein ����, de 2liYeira et al. 
����, 5eyes�*arcia �����. 

5eyes�*arcia ������, as an e[ample, draZs attention for the potential contribution of social sciences 
and traditional knoZledJe systems, defined by� ³[...] the knowledge of resource and ecosystem dynamics 
and associaWed manaJemenW SracWices e[isWinJ amonJ SeoSle oI communiWies WhaW, on a daily Easis and 
oYer lonJ Seriods oI Wime, inWeracW Ior Wheir EenefiW and liYelihood wiWh ecosysWems. The Werm does noW 
merely refer to information about human uses of plants and animals. Rather, it includes a system of 
classificaWions, a seW oI emSirical oEserYaWions aEouW Whe local enYironmenW, and a sysWem oI resource use 
and management. It also includes believes in non-human beings (i.e., spirits, ancestors, ghosts, gods) and 
on how they relate to society”. 

MoreoYer, many papers haYe been published about plants¶ knoZledJe transmission, e[chanJe of 
knoZledJe betZeen different communities and betZeen traditional and conYentional medicines, meaninJ of 
cultural�bound syndromes and hypothesis to plants¶ selection �AlbuTuerTue and Lucena ����, Leonti ����, 
de Medeiros et al. ����, 3aJani et al. �����. These Tuestions are essential to understand the use of certain 
species in function of others, forms of use, dosaJe, choice of plants and, in later staJes, these informations 
can contribute for the reproduction of clinical assays that resemble cultural practices, since the efficacy 
of medicinal plants are not only due to the plants, but also due to the cultural conte[ts they are inserted. 

,n this case, in addition to reJister and Yalue cultural diYersity and traditional knoZledJe, the need of 
this knoZledJe Juides scientific and technoloJical deYelopment of druJs throuJh the study of bioactiYe 
potential, alloZinJ Àora to proYide druJs Zidely used in the clinic, for e[ample, artemisinin, colchicine, 
emetin, forskolin, rutin, ta[ol and Yincristine �&echihinel )ilho and 5osendo �����. +oZeYer, in most cases, 
methods of pharmacoloJy are lackinJ in achieYinJ the loJic of these medicines, Zhich draZs attention to the 
cultural conte[t understandinJ in order to consider these cultural elements for conduction of clinical tests. 

Indigenous people and shamanism 

%ra]il beJan its history in the year ���� Zith the discoYery of a neZ Zorld by the 3ortuJuese. +oZeYer, 
this neZ Zorld had already inhabitants Zho, accordinJ to estimates, totaled appro[imately � million people 
scattered in at least ��� ethnic Jroups. The Tupi�*uaranis, Zho liYed in the Atlantic forest borderinJ the 
ocean, had already called it the territory of 3indorama, for e[ample. &urrently, accordinJ to the %ra]ilian 
JoYernment, there are about ���,��� indiJenous people distributed in ��� ethnic Jroups spread across 
%ra]il¶s si[ main biomes �)81A, �����. There are ��� indiJenous territories recoJni]ed by the 1ational 
,ndian )oundation �)81A, �����, correspondinJ to ���.� million hectares, or ��.��   of the country¶s 
territory. The larJest concentration of these people is in the north, totalinJ ���.� thousand indiJenous 
���.���, Zhere the larJest population is the <anomami ���.� thousand� in the states of Ama]onas and 
5oraima, liYinJ in the Ama]on forest biome �)81A, �����. 

� Attempt to describe the behaYioral system of a JiYen culture usinJ its oZn terms.
� Attempt to describe the behaYioral system of a JiYen culture usinJ academic terms.
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These indiJenous people, or nations, haYe an ancestral oriJin Zhich, accordinJ to the tZo main theories 
of peoples¶ miJration to Americas, haYe settled in the reJion betZeen �� and �� thousand years aJo and 
continue to surYiYe to this day. ThrouJhout the deYelopment of each culture Ze can consider Jeneral topics 
in common for its establishment and surYiYal, as� coe[istence in family nuclei� reliJious practices� healinJ 
practices� music� dance and manufactured artifacts �technoloJy�. All these topics are practised by the ��� 
ethnic Jroups that differ in most Zays, primarily, by the lanJuaJe and the biome Zhere they are located.

The country is Zorld renoZned for its biodiYersity, and it is amonJ the �� meJadiYerse in the Zorld, 
Zhich toJether account for ��� of the planet¶s biodiYersity �6carano �����. The si[ main %ra]ilian biomes 
are� Atlantic forest, Ama]onian forest, &errado, &aatinJa, the 3ampa and the 3antanais�MatoJrossenses 
macro biome �,%*( �����. ,t has the richest Àora in the Zorld, Zith appro[imately ��,��� species of 
superior plants already described �*iulietti et al. �����.

,n each of these biomes there are endemic and natiYe plant species. Their estimated numbers makes 
it possible to measure the si]e of its biodiYersity. )or e[ample, the Atlantic )orest has around �� thousand 
species of Zhich � thousand are endemic, &errado possesses �� thousand species of Zhich � thousand 
are endemic. :hile accordinJ to the study published by *iulietti et al. ������, the Ama]on possesses �� 
thousand species, &aatinJa � thousand species, and 3antanais�MatoJrossenses � thousand species. ,n 
this Zay Ze can understand that relation bioma Yersus human Jroup, considerinJ the ��� ethnicities and 
biomes Zhere they are established oYer the millennia, results in a Jreat Yariety of cultural knoZledJe and 
understandinJ about fauna and Àora. Mainly access to these communities are Yery hard, Zith no roads 
connectinJ them to cities, and thus makes the access of public and�or priYate health Yery touJh, contributinJ 
to the strenJtheninJ of traditional and popular local medicines �5odriJues and 2tsuka �����.

+oZeYer, in the last decades, the accelerated Jlobali]ation process, Jlobal economy deYelopment and 
the moderni]ation of rural areas haYe been promotinJ the homoJeni]ation of societies, and, conseTuently, 
cultural chanJes of traditional practices and knoZledJe. The conseTuences of these processes remain 
under�e[plored �&aYalli�6for]a and )eldman ����, %alick and &o[ �����. 

8rbani]ation can impact local knoZledJe of these communities in tZo different Zays, as discussed 
by de Medeiros et al. ������. The first one suJJests that after haYinJ contact Zith e[ternal resources the 
people JiYe up their healinJ practices and allopathic medicines are replacinJ medicinal plants, since the 
element incorporated is considered competitiYe and not complementary to a population knoZledJe. ,n 
this case, and as time passes, the knoZledJe practices present before the urbani]ation process may be 
replaced. The other possibility is the coe[istence of both systems. ,n this case, neZ elements are added 
in the medical system and do not replace medicinal plants �6oldati and AlbuTuerTue �����. 3eople Zill 
still use the traditional practices and medicinal plants, but they Zill also administer allopathic medicine 
or drugs prescribed by the doctors. 

%oth situations illustrate that knoZledJe is alZays chanJinJ, incorporatinJ elements from other 
cultures and sometimes replacinJ practices and customs. ,n this conte[t, Ze hiJhliJht the importance of 
³learninJ´ from these communities techniTues for the selection of medicinal plants and not only listinJ 
the medicinal plants used by them. 

,n the case of %ra]il, ��� indiJenous ethnicities identified, as it is eYident, until their first contact 
Zith the AdYanced ,ndustrial 6ociety ,deoloJy �Marcuse ����, )81A, ����� or Zith the culture of non�
,ndians, established different relations in their eYeryday life. All intellectual and natural material used to 
come from tradition or ancestry and natural resources Zere natiYe of forests in Zhich they liYed. 6ince 
clothinJ, food, tools, medicines and utensils used to come only from their culture and reJion. 

,n this Zay, Ze can note the intrinsic relationship, mystical and the close pro[imity Zith the forest 
and the relations that Zere established in the Yalues of each community subMect. *enerally, Ze can 
establish the main elements that form the social orJani]ation of these peoples makinJ analoJies Zith the 
non�,ndian culture. ,n the YillaJes �neiJhborhoods, toZns, communities, cities� there are 3aMps �political 
leaders, Jroups¶ representatiYes�, hunters �meat producers, farmers�, planters and collectors �farmers, rural 
producers�, Zarriors �police, military, security�, sinJers and rattle players �musicians, instrumentalists and 
artists�, family members Zho teach the younJest �teachers, educators� and 6hamans �doctors, pharmacists, 
nurses, health professionals�.

6hamans and 6hamanism are the names desiJnated by non�,ndians to healinJ practitioners of 
indiJenous communities. 6ince each culture establishes a different lanJuaJe, the names are also different. 
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The practice differs from non�,ndian culture because beyond therapeutic practice and cure of diseases, it 
inYolYes reliJious aspects that are instrinsically linked to the process. ,t is important to hiJhliJht at this 
point that, all the daily practices of ,ndians are linked to a reliJious and spiritual symbolism almost entirely. 
Thus, decisions made on a daily basis are not interpreted accordinJ to the loJic of empirical�theoretical�
technical rationality of Zestern thouJht, but rather to a non�linear abstraction of facts interpretation, 
resultinJ in a loJic contained in metaphysical or mystical uniYerses. To understand this type of thinkinJ 
and hoZ relationships are established Ze Zill Tuote the e[ample beloZ�

The .rah{ indiJenous nation belonJs to the macro-jê trunk, jê family and timbira language. In their 
ascension, the .rah{ suffered inÀuences of the ethnic Jroups &anela, ;erente and Apinayp. &urrently, 
there are appro[imately �,��� .rah{s, distributed in �� YillaJes and occupyinJ ���,��� hectares in the 
cerrado of *oiatins and ,tacaMi municipalities, at the north of Tocantins state. The YillaJes are located far 
from the nearest toZns. ,n addition to not haYinJ public transport, the roads leadinJ to them are precarious 
and difficult to access, especially durinJ the Zinter season, Zhen there are stronJ rains �betZeen 2ctober 
and April�. These factors reinforce the need to use plants for diseases¶ treatments. AccordinJ to Melatti 
������, the .rah{ are diYided in tZo Jroups, one of them is the pair�wakmČye �summer� and the other 
the pair�katamye �Zinter�. These diYisions are characteri]ed by a series of ritual and symbolic acts that 
distinJuish members of the half of each pair�

 �  :akmČye Zhose symbols are� day� dry season� summer� east of the YillaJe courtyard� straZs for 
liJht�colored Jarnishment� Yertical stripes of body paintinJ and parakeet�

 �  Katamye has the folloZinJ symbols� niJht� rainy season� Zest� outskirts of the YillaJe� straZs for 
dark�colored Jarnishment� hori]ontal stripes and sucuruMu snakes. 

AccordinJ to 5odriJues ������, in the same Zay, the .rah{ classify the plants and animals as belonJinJ 
to one or the other seasonal half, dependinJ on the symboloJy that each one represents. Thus, plants that 
Àourish or fruit in the summer, belonJ to the wakmƟye half and those that bloom or fruit in the Zinter, 
belong to the katamye. They e[plain that mid�summer plants are ³more poZerful´ remedies than those of 
Zinter, as rainZater, Zhich is freTuent in Zinter, they say, ³dilutes´ the ³force´ of these plants. AccordinJ 
to the interYieZees, ³wajaca is the person recoJni]ed by the .rah{ people as holder of herbal remedies and 
healinJ processes knoZledJe, by Zhich he receiYes instructions and assistance from his respectiYe pahí, 
spiritual Juide, Jenerally represented by the spirit of an animal, plant, mineral, obMect or eYen of someone 
that has passed aZay. +e can cure or kill other person, actinJ as a wajaca or as a sorcerer. 6mokinJ act 
can help to communicate Zith their pahí or to produce more poZer at the time of healinJ´.

The most strikinJ characteristics of this ethnic Jroup are the richness of rituals and the use of medicinal 
plants in healinJ processes �Melatti �����. The anthropoloJist laments the lack of technical inYestment 
in the collection and ta[onomic identification of YeJetal species used in maJical rituals by these ,ndians 
on that occasion, since�

“I found it was useful to identify those plants that the Krahô use for magical purposes, since a 
laboratory analysis might prove that some of them actually contain some substance that would 
produce the effects sought by the indians”

 �translated from Melatti �����. 

,n his Zork ³5itos de uma tribo Timbira´ �5ites of a Timbira tribe�, the author describes more than �� 
rites obserYed amonJ this Jroup, most of them inYolYinJ the use of animals and plants. ,n this sense, �� 
years after this Zork, tZo researchers dedicated themselYes to the surYey of medicinal plants used durinJ 
rituals by this ethnic Jroup. They described about ��� plants diYided into �� classes related to &entral 
1erYous 6ystem disorders �5odriJues and &arlini ����, �����.

As mentioned aboYe, the use of plants Zith possible effects on the central nerYous system by ,ndians 
has a strict relation Zith shamanism, since, as defended by 6chultes and +ofmann ������, indiJenous 
communities do not differentiate betZeen physioloJical and supernatural causes of diseases. Many 
ethnicities belieYe that illnesses are the result of some interference, pendency, or trouble in the spirit Zorld. 
Therefore, they belieYe that effectiYe cure of diseases can only be carried out in this plan and for this they 
must access it Zith the aid of plants, in most cases, psychoactiYe plants �-~nior et al. �����.
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Also on the spiritual leYel, the wajacas of .rah{ ethnicity access their respectiYe pahí and shamans 
from other ethnic Jroups contactinJ their spiritual Juides throuJh dreams, rituals and the use of plants, 
usually hallucinoJenic, that act on the &16. ,n these moments, spiritual reYelations indicate the use of 
effectiYe plants for different diseases and for each sick person �5odriJues ����, -~nior et al. �����, leadinJ 
to a treatment that considers specificities and characteristics of each patient, that is, an indiYiduali]ed 
treatment. ,n the case of the .rah{ ,ndians, each wajaca uses different plants for the same condition, this 
differentiation is due to the different Juides accessed by each curator Zho teach different applications for 
plants species, as obserYed by 5odriJues and &arlini ������. +oZeYer, each indiJenous ethnicity has a 
different relationship Zith the spiritual plan and the spiritual Juides, and feZ ethnopharmacoloJical surYeys 
detail the conte[ts behind the curators¶ choice of medicinal plants.

%ecause access to the spiritual plan is of Jreat importance for diseases¶ treatments in indiJenous 
communities, and considerinJ that seYeral medicinal plants are indicated for the same patholoJical 
conditions, it is e[pected that the number of plants indicated for the &16 by these cultures Zill be ample. 
:hereas %ra]il has many endemic species in its biomes, the use of these plants by these communities can 
proYide a Jreat Yariety of potential bioactiYe compounds for the &16.

+oZeYer, if the intention is to inYestiJate Zhether these plants are effectiYe in diseases treatments 
desiJnated by biomedicine, Ze must understand the different Zays of seeinJ, recoJni]inJ and approachinJ 
diseases by these people, considerinJ the use conte[ts of these species and their cultural meaninJs.

Plants used in Central Nervous System disorders by Brazilian Indians

,n ����, 5odriJues et al. carried out a biblioJraphical reYieZ in order to analy]e species of plants used by 
seYeral %ra]ilian indiJenous ethnicities, as Zell as the relation betZeen their chemical constituents and 
their uses for &entral 1erYous 6ystem �&16� disorders. These data Zere updated, and amonJ studies found 
from the ��s to the present day, ��� plant species, belonJinJ to �� botanical families, used by ,ndians for 
different diseases Zere listed. These indications are aYailable in �� publications �for more information see 
5odriJues et al. ����, &unha et al. ����, .ffuri et al. �����.

2f the �� ta[onomic families listed, the most cited Zere� )abaceae ��� reJistered species�, Asteraceae 
����, 5ubiaceae ����, 3oaceae ����, (uphorbiaceae ����, %iJnoniaceae ����, Apocynaceae ����, 6olanaceae 
����, Lamiaceae ����, 3iperaceae ����, 5utaceae ����, 9erbenaceae ����, &yperaceae ��� and Moraceae 
���. The families )abaceae, (uphorbiaceae, Asteraceae, %iJnoniaceae and 5ubiaceae Zere also the most 
cited durinJ the research conducted by 5odriJues and &arlini ������, Zho haYe also inYestiJated the 
plants used for &16 disorders.

AccordinJ to 6ocio�(nYironmental ,nstitute �,6A �����, �� %ra]ilian indiJenous ethnic Jroups haYe 
part of their population residinJ in other countries. ,n this manner, studies described here Zere carried 
out Zith a total of �� indiJinous ethnic Jroups, Zho inhabit four of the %ra]ilian biomes �Ama]on )orest, 
&aatinJa, &errado and Atlantic )orest�, and some also inhabit other countries of 6outh America� such as 
the <anomami, Zhose JeoJraphical distribution comprises a reJion of Ama]on located in %ra]ilian and 
9ene]uelan territory. They are� Araraibo, Asurini, %aniZa, 'eni, )ulni{, *uaMaMara, -amamadi, .aapor, 
.rah{, .ubeo, .uikuro, Maku, Makuna, 3ankararu, 3areci, 3ata[y, 3aumari, Tembp, Terena, Ticuna, 
Tiriyy, Tukano, ;oklenJ, ;ukuru, <anomami and <aZalapiti �5odriJues et al. �����, and 3ata[ys �&unha 
et al. �����. The study Zas conducted Zith fiYe multiethinic indiJenous communities at the municipality 
of 6mo *abriel da &achoeira, Ama]onas. The communities are called� &unuri, Tapira 3onta, ,lha das 
)lores, &uricuriari, and 6mo -orJe. 3eople interYieZed in these communities belonJ to �� different ethnic 
Jroups� Tukano, 'essana, %arp, Tariano, 3iratapuia, Arapaoo, %aniZa, +upda, &urripaco and %ara �.ffuri 
et al. �����. 

8ntil ����, feZ ethnopharmacoloJical surYeys Zere conducted amonJ the %ra]ilian ,ndians �5odriJues 
et al. �����. 8pto the present, only tZo neZ studies haYe been found indicatinJ plants used for the &16 by 
%ra]ilian indians �.ufuri et al. ����, &unha et al. �����. ,n these studies, �� plants Zith possible effects 
on the &16 Zere listed, of Zhich �� Zere indicated as antimalarial, Zithout specifyinJ Zhich symptoms 
they Zere actinJ on, and �� as analJesics, stimulants, for headaches and feYer.
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The ��� cited plants are used to treat complaints and�or different diseases that may act actiYely on 
the &16. All uses for the �� mentioned diseases Zere classified accordinJ to 5odriJues et al. ������, in 
accordance Zith the possible effect�action� JroupinJ for e[ample the plants destined for different pains, 
such as for headache and earache, in the cateJory ³AnalJesic´. Thus, �� cateJories Zere defined, accordinJ 
to the similarities betZeen their effects e[pected on the &16. &ateJories defined Zere� analJesics, 
anticonYulsants, an[iolytics, hallucinoJens, head illnesses, hypnotics, memory enhancers, stimulants, to 
counteract feYer, tonic and�or adaptoJens, ZeiJht control, and others �Zithout defined effect�. Also, a neZ 
cateJory Zas added for antimalarial plants, since it Zas not indicated for Zhich specific symptoms they 
Zere used in the study. The cateJories and the number of plants indicated in each caterory are aYaiable on 
)iJure �.�, Zhere si[ of them �marked by an asterisk� appear to e[ert possible psychoactiYe effect�action� 
hallucinoJens, an[iolytics, head illnesses, stimulants, hypnotics, and memory enhancers.

As e[amples, cateJory ³AnalJesics´ encompasses �� different uses �arthritis, analJesics, body aches, 
chest pain, anus pain, muscle pain, backbone pain, pain in the foot¶s sole, pain in the ribs, ear pain, loZer 
uterine pain, rheumatic pain, headache, toothache, pain, loZer e[tremity pain, otitis, painful Moints, kidney 
pain, back pain and heart pain�, totalinJ ��� plants used to relieYe all these kind of pains. &ateJory ³)eYer´ 
refers to three uses �feYer, feYer in children and feYer Zith pain�, Zith ��� indicated plants. &ateJory ³Tonics 
and�or AdaptoJens´ includes �� uses �aphrodisiac, physical debility resulted from malaria combat, aJe 
or Jeneral illness, to combat tiredness, droZsiness and inability to concentrate, elderly people Zho haYe 
difficulty to understand instructions and physical deJeneration, Jeneral debility, sloZ elderly, tonics, to 
purify and strenJthen the body, to restore Yirility, strenJthen those Zho are Zeak and are no lonJer interested 
in life because of aJe, tonic for the elderly, neuromuscular problems and se[ual Zeakness�, Zith a total of 
�� species used. Thereby, the same species may haYe been cited for more than one use. 

&onsiderinJ all these classifications and the Yarious uses and indications attributed to plants, Ze see 
that cateJories ³AnalJesics´ and ³)eYer´ Zere the ones Zith the hiJhest number of plants indicated, ��� 
and ��� species, respectiYely. The Jreat number of indications to cateJory ³AnalJesics´ may be related to 
the non�specificity of this Jroup that includes all kinds of pain. +oZeYer, cateJory ³)eYer´ may be related 
to the hiJh occurrence of malaria in the Ama]on reJion, Zhich has a characteristic symptom of eleYated 
body temperature, thus leaYinJ this cateJory Zithin the most indicated. Another class that is eYident related 
to the indiJinous culture is the cateJory ³+allucinoJens´. Many of the plants indicated to this section are 
used by ,ndians in practices of shamanism, Zhich supposedly alter the shaman¶s perception, in order to 
facilitate contact Zith the spiritual Zorld, to perform their rituals �5odriJues et al. �����. As shoZn by 

Fig. 4.1 1umber of plants indicated, for each of the �� cateJories, Zith possible effect on the &16 �adapted from 5odriJues 
et al. �����.
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5odriJues et al. ������, these plants¶ uses by %ra]ilian ,ndians may be directly related to their customs. 
The .rah{ ,ndians, for e[ample, Zere the ones Zho most indicated plants in the cateJory ³Tonics and�or 
AdaptoJens´ because they haYe the status of ³champion runner´ as e[tremely important for their culture, 
so, they use plants to be stronJer and more able to Zin the competitions. 

AmonJ the plants phytochemically studied it Zas obserYed that seYen phytochemical classes appeared 
more freTuently� ÀaYonoids �analJesia, an[iety, feYer, hypnotic, stimulant, and ZeiJht control�, alkaloids 
�head illnesses, hallucinoJens, and as stimulant�, essential oils �an[iety and feYer�, liJnans �hallucinoJens�, 
tannins �an[iety�, triterpenes and saponins �hypnotics�. AccordinJ to 5odriJues et al. ������, these classes 
may be more common because they probably haYe a Jreater number of phytochemical constituents, Zhich 
may contribute to ,ndians determininJ their uses. Table �.� shoZs the freTuency of the �� phytochemical 
classes amonJ the plants indicated by %ra]ilian ,ndians, Zith possible effects on the &entral 1erYous 
6ystem, toJether Zith the number of indicated species and their chemical constituents, Zhich Zere found 
in the scientific literature until the year of ����. 

Table 4.1 )reTuency of different phytochemical classes amonJ the plants indicated by %ra]ilian indiJenous people, Zith 
possible effects on the &entral 1erYous 6ystem until ���� �adapted from 5odriJues et al. �����. 

Categories of use (number of uses cited in the 
literature)

Number 
of species 

Chemical constituents found in the scientific 
literature (number of plants that present the 
chemical constituent listed) 

1-Analgesics: ��� different indications� ��arthritis 
�pain�� ��analJesic� ��body ache� ��chest pain� ��pain 
in the anus� ��muscle pain� ��pain in the backbone� 
��pain in the sole of the foot� ��pain in the ribs� ���ear 
ache� ���pain in the loZer Zomb� ���rheumatic pain� 
���headache� ���toothache� ���pain� ���loZer e[tremity 
pain� ���otitis �pain�� ���painful Moints, ���kidney pain� 
���back pain� ���heart pain.

��� ÀaYonoids ����� alkaloids ����� essential oil ����� 
phenolic acids ���� triterpenoid ���� tannins ���� 
coumarin ���� terpenes ���� diterpenoids ���� steroids 
���� Jlycosides ���� saponins ���� iridoids ���� 
sesTuiterpene lactones ���� lactones ���� labdane 
diterpenes ���� diterpene Jalactoside ���� eudesmane 
acids ���� kaYa�pyrones ���� ketones ���� liJnans ���� 
aliphatic compounds ���� polyacetylene compounds 
���� sesTuiterpene alcohols ���� liJnan ���� aldehydes 
���� anthocyanins ���� cardenolides ���� furanone ���. 

2-Fever: �� different indications� ��feYer� ��feYer 
�children�� ��feYer Zith pain.

��� ÀaYonoids ����� essential oil ����� triterpenoid 
����� tannins ����� alkaloids ����� saponins ���� 
coumarins ���� phenolic acids ���� iridoids ���� 
steroids ���� anthraTuinones ���� terpenes ���� 
polysaccharides ���� sesTuiterpene ���� lactones 
���� liJnans ���� diterpenoids neocucurbitacins ���� 
furanone ���� furanocoumarin ���� kaYa�pyrones ���� 
ketones ���� labdane diterpenes ���� naphthopyrone 
deriYatiYe ���� phenylpropanoid ���� phorbolesters 
���� podocarpane diterpenoids ���� sesTuiterpenic 
lactones ���� [anthones ���� diterpenoids ���� 
fatty acids ���� alkylresorcinols ���� amides ���� 
chromenes ���.

3-Tonics and/or adaptogens: ��� different indications� 
��aphrodisiac� ��combat physical debilitation resultinJ 
from malaria� ��aJe or Jeneral infirmity� ��to combat 
tiredness� ��droZsiness and inability to concentrate� 
��elderly Zho suffer difficulty in understandinJ 
instructions and physical deJeneration� ��Jeneral 
debility� ��old people Zho are sloZ� ��tonic� ���to 
purify and fortify the body� ���re�establishinJ Yirility� 
���to strenJtheninJ those Zho are Zeak and Zho no 
lonJer are interested in life because of aJe� ���tonic 
for the elderly� ���neuromuscular problems� ���se[ual 
debility.

�� alkaloids ���� coumarins ���� triterpenoids ���� 
ÀaYonoids ���� liJnans ���� essential oils ���� 
clerodane diterpenes ���� [anthones ���� terpenes 
���� labdane diterpenoids ���.

4-Hallucinogens: �� different indications� 
��hallucinoJen� ��additiYe� ��inebriatinJ snuff� 
��narcotic� ��psychoactiYe� ��substitute for 1icotiana 
tabacum� ��to see far �shamanism�.

�� alkaloids ����� liJnans ���� coumarin ���� phenolic 
acids ���� ÀaYonoids ���� cardiac Jlycoside ���� 
steroids ���� diterpenes ���� triterpenoids ���� tannins 
���� 2�metho[ylated�&�JlycosylÀaYones lactones 
���� neoliJnans ���� furanocoumarins ���. 

Table 4.1 contd. ...



�� Ethnobotany:  Application of Medicinal Plants

Categories of use (number of uses cited in the 
literature)

Number 
of species 

Chemical constituents found in the scientific 
literature (number of plants that present the 
chemical constituent listed) 

5-Anxiolytics: �� different indications� ��calmatiYe� 
��irritability and cryinJ in small children� ��to calm.

�� ÀaYonoids ���� essential oils ���� tannins ���� 
alkaloids ���� triterpenoids ���� saponins ���� sterols 
���� naphtoTuinones ���� iridoids ���� Jlycosides ��� 

6-Anticonvulsants: �� different indications� ��sei]ures 
�children�� ��sei]ures� ��periodic attacks of an epileptic�
like nature� ��di]]iness and blurred�darkened Yision 
�sei]ure�.

� essential oil ���.

7-Hypnotics: �� different indications� ��to induce sleep� 
��insomnia� ��sedatiYe� ��elderly find difficult to sleep.

� ÀaYonoids ���� triterpenoids ���� saponins ���� 
phenolic acids ���� essential oils ���� tannins ���� 
steroids ���� alkaloids ���. 

8-Stimulants: �� different indications� ��stimulant. � ÀaYonoids ���� alkaloids ���� steroids ���� liJnans 
���� proanthocyanidins ���� essential oils ���� purine 
alkaloids ���� indole alkylamines ���.

9-Weight control: �� different indications� ��to fatten 
doJs� ��to lose ZeiJht� ��to stimulate appetite� ��Zhen 
they refuse to eat and lose appetite.

6 ÀaYonoids ���� alkaloids ���. 

10-Others: �� different indications� ��antidote aJainst 
curare� ��antidote aJainst Dioclea spp.� ��as stimulant 
for JroZth of breasts.

6 ÀaYonoids ���� tannins ���, JinkJolides ���� alkyl 
and arylalkyl��,��diols ���� saponins ���� alcohols 
���� aldehydes ���� terpenes ���� triterpene ���. 

11-Head illnesses: �� different indications� ��&ra]iness. � curare alkaloids ���. 
12-Memory enhancers: �� different indications� 
��improYe memory� ��old people Zho are forJetful.

� 1o studies found

...Table 4.1 contd. 

Plants used by indigenous communities cited in the literature and 
pharmacology studies

%ased on the reYieZ published by 5odriJues et al. ������ and updatinJ the data for ����, Ze found ��� 
plant species Zith possible &16�related actiYity. ,n order to Yerify Zhich species haYe already been 
studied or related to studies, and Zhich are unprecedented for future studies, the number of pharmacoloJy 
studies Zere searched in the current literature that haYe already been conducted Zith these ��� species. 
The search Zas performed in 3ubmed databases by species¶ name folloZed by the Zord ³pharmacoloJy´. 
)iJure �.� shoZs the number of publications found for species indicated by %ra]ilian indiJenous people 
Zith possible effect on the &16.

Fig. 4.2 1umber of studies found �a[is y� Yersus number of species �a[is [� Zhen searchinJ for species¶ name folloZed by 
the Zord ³pharmacoloJy´.
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Plants Used for Central Nervous System Disorders by Brazilian Indians ��

2f the ��� species souJht, no study Zas found for ���. 6uch plants are indicated in Table �.�, 
toJether Zith the number of studies found for each species. This result indicates that more than half of the 
YeJetal species, indicated by %ra]ilian indiJenous populations in the ethnopharmacoloJical surYeys, Zith 
therapeutic purpose and possible action on the &16 Zere not studied, Zhich reYeals a Jreat study potential. 

Conclusion

%ra]il has a Jreat endemic diYersity of YeJetal species, added to the numerous indiJenous ethnic Jroups 
Zhich use these plants as medicine for &16 disorders. Therefore, the use of these species by these cultures 
points out seYeral bioactiYe potential that must be pharmacoloJically and phytochemically studied in 
order to deYelop neZ therapies and medicines for diseases recoJni]ed by biomedicine. +oZeYer, for ��� 
species out of ��� reported in the literature, no pharmacoloJical studies haYe been conducted to Yerify 
the efficacy and safety of its uses.

6till, feZ studies that list medicinal plant used by indiJenous %ra]ilian describe their conte[ts of use, 
practices, beliefs inYolYed in medico�reliJious treatments and the possible Zays of choosinJ these plants 
by the curators. Thus, Zhen conducted, many of pharmacoloJical studies are erroneously interpreted 
as µnon�effectiYe¶, since tests do not reproduce the circumstances in Zhich species are used and do not 
embrace their cultural meanings.

Therefore, in order to successfully deYelop neZ medicines and therapeutic practices from YeJetable 
species used by indiJenous people, Ze must firstly understand, appreciate and admit this millenarian 
knoZledJe for later inYestiJatinJ the efficacy and safety of these species, considerinJ the conte[t, practices 
and Yalues inYolYed in their uses.
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Ethnobotanical Retrospective and 

Features of the Multipurpose Plant 

Genipa americana L. (Rubiaceae)
Kyria Cilene de Andrade Bortoleti,1 Roberta Lane de Oliveira Silva,2 
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Introduction 

Genipa americana L. is an edible species of the Rubiaceae Juss. family, native to the northern part of South 
America occurring from the Caribbean region and southern Mexico to the Brazilian Atlantic coast and up to 
southern Peru. It is popularly called genipap, jenipapo, huito, or jaguar, among other names. This species 
was already used by the Incas (under the name of wituq or hawa) who used this plant for many purposes, 
with emphasis on body painting during rituals. It is generally a small tree (8–20 m), but representatives 
with up to 40 m have been described in Atlantic and Amazonian rainforests. Flowers are large (up to 15 
cm diameter� round berries, Zith up to ��� J in ZeiJht pollinated by bees and Àies. ,n addition to beinJ 
edible and medicinal, the fruit is used for the production of dyes, syrup, sugar, as liqueurs, wine, ethanol 
and non-alcoholic beverages. Bark and resin are used in perfumery, pharmacy or for insecticide, fungicide, 
and antimicrobial or similar applications, fresh or dried, whether or not cut, powdered or crushed (Barbosa 
2008, Codignoto et al. 2017). The wood is a source of tannins and their salts, esters, ethers are used for the 
production of natural blue and black dyes. The ÀoZers are used in the manufacture of essential oils for the 
perfumery industry (Borges and Rezende 2000), and the leaves are used for feeding animals.

This species is rarely cultivated, being thus exploited through extractive practices, i.e., plant material 
is collected from natural populations and no traditional cultivation exists. Such practices have contributed 
to some loss of diversity due to deforestation, forest fragmentation and some reproductive problems due 
to the genetic features of this species. 

Most of the existing ethnobotanical bibliography about G. americana is published in Portuguese 
or 6panish, thus beinJ unaYailable to the Zide scientific community. The present chapter describes the 

1 UNIVASF, Universidade Federal do Vale do São Francisco, Petrolina, Pernambuco, Brazil.
2 UFPE, Universidade Federal de Pernambuco, Genetics Department, Center of Biosciences, Av. Prof. Moraes Rego, 1235, 

50.670-423, Recife, Pernambuco, Brazil.
3 UFRPE, Universidade Federal Rural de Pernambuco, Recife, Pernambuco, Brazil.
* Corresponding author: ana.benko.iseppon@pq.cnpq.br 
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traditional use of this species by human populations. It also highlights available studies of this medicinal 
and edible plant, as well as implications associated with genetic, environmental, and market potential for 
derivatives from this interesting species. 

Taxonomy and morphological features of G. americana L. 

The genus Genipa L. is classified in the tribe *ardenieae, subfamily ,[oroideae of the family 5ubiaceae 
Juss. (Barroso et al. 1991). Gentry (1993) described six distinct species of the genus. Later, Pierozzi and 
Mendaçolli (1997) recognized only three species (G. americana, G. infundibuliformis Zappi & Semir, 
and G. williamsii Standl.). However, based on phylogenetic studies, Persson (2000a, 2003) replaced  
G. williamsii in the genus Agouticarpa  [Agouticarpa williamsii (Standl.) C.H. Perss.]. Therefore, the 
genus Genipa includes only two species, being G. americana the most dispersed. Among the species cited,  
G. americana (Fig. 5.1) is widely distributed in tropical America and is considered the most known tree 
species of the genus (Guerra 1993, Zappi et al. 1995). In an inventory of the Amazonian angiosperms, Gentry 
(1993) highlighted the participation of the genus as a component of the Amazonian canopy, presenting 
Àeshy and indehiscent fruits �)iJ. �.�a� Zith many seeds, Zhich are dispersed by mammals. ,ts leaYes are 
broad (Fig. 5.1e) with triangular subfoliar stipules. The color of the corolla varies from cream to yellow, 
with a tube approximately 1 cm wide and anthers inserted between the bases of the corolla lobes (Fig. 5.1b).

G. americana stands out as a woody dicotyledonous plant with high ecological plasticity, reaching up 
to 40 m in height. The upright trunk is 40 to 60 cm in diameter and its crown is branched and quite leafy, 
with an abundant verticillate branching (Fig. 5.1c), and bark is usually glabrous, smooth, thick and colored 
grayish-green with gray spots (Corrêa 1984, Figueiredo et al. 1986, Silva et al. 1998). Its leaves are simple, 
opposite, densified at the e[tremities of the branches, Zith trianJular, sub�coriaceous, oblonJ�oboYate, 
triangular-shaped, glabrous, and with irregularly reticulated secondary veins. It presents hermaphrodite 
ÀoZers, a[illary or terminal, sliJhtly aromatic, tubular�campanulate caly[, yelloZ�Zhite corolla �)iJs. �.�b, 
5.2a), and bilocular ovary (Corrêa 1984, Figueiredo et al. 1986, Silva et al. 1998). The fruit is an ovoid 

Fig. 5.1 Botanical illustration of Genipa americana. �a� fruit� �b� ÀoZer� �c� habit� �d� seeds and �e� leaf Zith nerYures. 6ource� 
a-b/d-e from Johann Wilhelm Weinmann: Phytanthoza iconographia, Augsburg 1735–1745 (public domain). c. present work.
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berry (Fig. 5.1a) of brown color, 5 to 12 cm in diameter, with a soft bark, thin and wrinkled membrane. It 
presents a delicate pulp of vinous dark color, juicy, aromatic and edible. 

The seeds are located in the central portion of the fruit �)iJ. �.�a�, beinJ liJht�broZn, Àat and polished 
(Fig. 5.1d), surrounded by a colored aril, with viability of up to 90 days after fruit removal and zoochoric 
or hydrochoric dispersion (Braga 1960, Figueiredo et al. 1986, Silva et al. 1998). Seed germination is 
epigynous, that is, cotyledons rise above the soil surface. According to Nascimento et al. (2000), genipap 
seeds Jerminate more efficiently on a substrate Zith filter paper or Yermiculite at a temperature of ���&. 
Despite the massive production and wide seed dispersal, there is a high mortality rate after germination. 
Therefore, rare seedlings of this species are found in advanced stages in the natural habitat (Francis 1993, 
present work).

This species also exhibits peculiar reproductive mechanisms. Salomão and Allem (2001) reported 
that G. americana would present apomictic reproduction and polyembryony. In apomixis, meiosis and 
fertilization are altered, with seed formation without fertilization, that is, the offspring receives genetic 
material from a parent, while the other gametes, usually male, stimulate the division of the zygote. In 
turn, polyembryony is the formation of more than one embryo per egg. In their experiments, Salomão 
and Allem (2001) observed that G. americana seedlings from polyembryony had a uniform development.

Origin and geographical distribution of G. americana 

There are controversies as to the origin of G. americana. Based on a bibliographical survey, Xavier (1976) 
suggested that this plant originated from humid areas of Cuba and Puerto Rico, while other researchers 
believe that the center of origin of genipap is tropical America. According to Cavalcante (1991), the 
American Genipa species originated from northern South America, where it is found both in the wild and 
cultivated forms, since pre-Columbian times. However, it may be emphasized that this situation applies to 
several areas of current occurrence of the species, for example, the Brazilian Atlantic coast till the state of 
Bahia, in Brazil. Considering that the Amazonian region hosts the greatest diversity of Genipa species, it 
can be considered that this is the most probable region of origin of the genus and probably of G. americana.

Due to the lack of fossil records, the original limits of Genipa distribution are unknown. Currently, 
the natural distribution of the species is restricted to areas with annual rainfall of 1200 to 4000 mm and 
aYeraJe annual temperature betZeen �� and ���& �)rancis �����. AccordinJ to 6ebbenn et al. ������, 
Jenipap is distributed naturally betZeen latitudes �� �1 �Me[ico� to �� �6 �%ra]il, 63�. ,ts culture e[tends 
throughout the South American continent, Central America and the Antilles, being common in all the 
Brazilian Amazon, in the natural and cultivated state. The expressive dispersion of this species throughout 
America must be attributed to its being one of the checked main plants cultivated by the Indians in pre-
Columbian times (Francis 1993). This use was reported in several letters sent from Brazil to Europe in 
the 16th century (Cavalcante 1991).

In Brazil, G. americana occurs in semi-deciduous seasonal forests, with greater abundance in wetlands 
and riYerbanks, supportinJ lonJ�lastinJ Àoods, beinJ also found in dry lands of the slopes or coloni]inJ 
open areas, behaving as a secondary pioneer (Andrade et al. 2000, Lorenzi 2002).

Phylogenetic studies on Genipa and G. americana

Phylogenetic analyses are determinant for ecological, evolutionary and biogeographic inferences, as 
well as for morphological and anatomical investigations of different species (Bremer 2009). With the 
advancement of genetic sequencing techniques, the growing generation of nuclear and organellar DNA 
sequences associated with the morphological characteristics has provided valuable data, which supports 
the phylogenetic evaluation of plant species at different taxonomic levels.

The genus Genipa is grouped in the tribe Gardenieae, subfamily Ixoroideae that is designated as 
monophyletic (Kainulainen et al. 2013) and diverged to 73.1 Mya (million years ago) within the Rubiaceae 
(Bremer and Eriksson 2009). In order to determine the phylogeny and to evaluate the tribal delimitations 
within Ixoroideae, Kainulainen et al. (2013) used information from six coding (matK, ndhF, rbcL) and non-
coding plastid DNA regions (the rps16 intron, trnS-G and trnT-F) obtained for 110 species, representative 
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of 87 genera, for phylogenetic reconstructions using Bayesian analysis and Maximum Parsimony. These 
authors concluded that the Ixoroideae was composed of three groups, among them the Coffeeae-alliance, 
which involves the Gardenieae tribe (including Genipa), designated as the largest of the subfamily 
(Bremer and Eriksson 2009). Different morphological and molecular evaluations point the Gardenieae as a 
polyphyletic group (Bremer 2009, Bremer and Eriksson 2009, Kainulainen et al. 2013, Mouly et al. 2014), 
being recognized as an unresolved group, both in terms of intertribal relations and in tribal boundaries.

Originally, the Gardenieae tribe was described by de Candolle (1830) and was constituted by 28 genera 
whose representatives were characterized by the presence of biloculated ovaries and indiscriminate fruits 
with many seeds, like Genipa. Later, also using morphological data, Robbrecht and Puff (1986) recognized 
two subtribes (1) Diplosporinae and (2) Gardeniinae, composed of 20 and 60 genera, respectively. In 
the Gardeniinae subtribe, three groups were recognized (1) Tetrad-, (2) Aidia and (3) Alibertia, the latter 
being composed of six Neotropical genera including Genipa. With the addition of plasmidial DNA data 
to the morphological matrix, a later phylogeny proposed by Persson (1996) supported the three groups 
mentioned. However, it suggested the exclusion of G. americana from the Alibertia group, based on data 
for rps16 intron and the intergenic spacer trnL-), confirminJ the proposed by Andreasen and %remer 
(1996, 1997) with morphological and molecular data such as RbcL gene. Another phylogenetic study with 
38 species from the Alibertia group using the untranscribed spacer of 5S rDNA and Internal Transcribed 
Spacers (ITS) revealed a clustering of Genipa aff. willianssi in a basal clade of the group Alibertia. In 
turn, G. americana was grouped with the paleotropical group. According to the authors, the plastid DNA 
data indicate that the Genipa genus is paraphyletic (Persson 1996, Persson 2000), a fact that needs to be 
evaluated with other phylogenetically informative sequences.

Up to date, no infrageneric evaluation was carried out using molecular markers in the genus Genipa. 
Therefore, important questions, such as the number of species, monophyly, and infrageneric relations 
remain unresolved.

Cytogenetic studies

Previous reports on mitotic and meiotic chromosomes of G. americana have revealed very unusual 
karyotypic features for this species. The chromosome number 2n = 2x = 22 was reported for G. americana 
by *ibbs and ,nJram ������ and Zas confirmed by seYeral other authors �*uerra ����, .iehn ����, 
Pierozzi and Da Cruz 1988, Guerra 1993, Pierozzi and Mendaçolli 1997, Corrêa and Forni-Martins 2004) 
and also the present work (Fig. 5.2b), being recognized as a common number in the family Rubiaceae. 

Fig. 5.2 Genipa americana. �a� 'etail of a branch Zith a ÀoZer, ÀoZer buds and leaYes, collected in 3ernambuco, %ra]il.  
(b) Mitotic chromosomes (2n = 22) after standard staining with Giemsa, and (c) after CMA3 (chromomycin A3� Àuorochrome 

staininJ. %ars in �b� and �c�   �� ȝm.
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Diploid genipap individuals present an asymmetric karyotype with the presence of four to seven 
metacentric and submetacentric chromosomes, respectiYely, Zith a chromosome si]e of �.�� to �.�� ȝm 
(Corrêa and Forni-Martins 2004). These data, except the chromosome count, diverged from that observed 
by Pierozzi and Mendaçolli (1997) who suggested smaller chromosomes and the occurrence of three and 
eight metacentric and submetacentric chromosomes, respectively.

Also regarding the heterochromatic bands evidenced by C-banding, some divergences among distinct 
studies are evident. Pierozzi and Da Cruz (1988) emphasized centromeric and telomeric heterochromatic 
blocks in the genipap chromosomal complement, while Pierozzi and Mendaçolli (1997) showed the 
predominance of pericentromeric bands. A preliminary evaluation carried out by our group indicated some 
variation in the distribution of heterochromatic bands in populations collected in Pernambuco (Brazil). 

A hallmark feature for G. americana was revealed by staining with the CMA3/DAPI (4’-6’-diamidino-
��phenylindole� base�specific Àuorochromes. A hiJh amount of constitutiYe *&�rich heterochromatin 
(Guanine-Cytosine) was evidenced by the CMA3

+ (CMA3 positive) bands pattern (Guerra 1993). In some 
chromosomes, these heterochromatic segments constituted about 50% of their extent, as can be observed 
in Fig. 5.2c (present work), which makes G. americana the plant species with the highest known amount 
of heterochromatin in tropical America (Guerra 2001). 

:e presume that such an intraspecific Yariation and the larJe amounts of satellite repetitiYe '1A 
may result in meiotic instabilities, leading to the generation of unbalanced gametes, which could justify 
the reports of low seed germination rate fertility for the species. This could be in consonance with the 
proposed occurrence of apomixis as a reproductive strategy of G. americana, as suggested by Salomão 
and Allem (2001). To clarify this question, additional meiotic studies should be carried out as well as 
population studies.

Molecular diversity

Studies aimed at acquiring knowledge about the genetic diversity of a particular native species provide 
valuable information for the improvement of ex situ and in situ conservation strategies, especially concerning 
species considered vulnerable due to the reduction of genetic diversity (Sebbenn et al. 1998). This is the case 
of G. americana, which has been affected by extractive practices and has also been used for the recovery 
of degraded areas, mainly in the restoration of riparian forests (Sebbenn et al. 1998, Rabbani et al. 2012).

Molecular studies with genipap are still scarce and involve the use of different markers, including 
isoen]ymes �6ebbenn et al. ����, 6ebbenn et al. ����, 6ebbenn �����, 5A3' �5andom Amplified 
Polymorphic DNA; Rabbani et al. 2012), ISSR (Inter Simple Sequence Repeats; Santos 2012, Moura 2014, 
Silva et al. 2014) and SSRs (Simple Sequence Repeats; Manoel 2014, Manoel et al. 2014, Manoel et al. 
2015). Existing reports with molecular markers aimed at obtaining information about genetic structure 
and diYersity, breedinJ system and Jene ÀoZ of the species in Tuestion, for the purposes of forest recoYery 
strategies, conservation, management and breeding programs (Rabanni et al. 2012, Santos 2012).

The isoenzyme electrophoresis was used to evaluate the genetic variability, reproductive system 
and spatial distribution of a natural population of G. americana located in the riparian forest of the Mogi 
Guaçu River (São Paulo, Brazil). The evaluation included 42 adult plants and 300 seedlings from 15 
matrices (20 seedlings per matrix). The evaluated isoenzymatic loci were: PGM (Phosphoglucose), 6PGDH 
(6-phosphogluconate dehydrogenase), PGI (Phosphoglucose isomerase), MDH (Malate dehydrogenase) 
and PRX (Peroxidase). Polymorphism levels indicated that this population presented some potential for 
exploration in future breeding programs and for seed collection for the purpose of recovery of degraded areas 
(Sebbenn et al. 1998, Sebbenn et al. 2003). Additionally, the authors evidenced an excess of heterozygotes in 
adult plants, as compared with seedlings, suggesting the existence of selection in favor of the heterozygotes 
between the adult plants in different development stages. On the other hand, an excess of homozygotes 
was noticed among the seedlings, indicating the occurrence of inbreeding, leading to deviations from 
the Hardy-Weinberg equilibrium, raising the assumption that the population would be reproductively 
subdivided into two groups with a certain degree of relatedness, possibly due to preferential crosses and/
or genetic drift. Finally, the estimate of the crossing rate of the population in question showed that 81.6% 
of the G. americana seedlings were generated by crossing, being 61.7% random, 19.9% between related 
and 18.4% regarded possible apomictic (Sebbenn et al. 1998).
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Later, Sebbenn (2004) studied the inheritance and linkage disequilibrium in four polymorphic 
isoenzymatic loci (6pghd-1, Pgi-2, Mdh-1 and Mdh-2) in a population of G. americana. Segregation was 
homoJeneous amonJ indiYiduals, reJardinJ tZo to three alleles. +oZeYer, siJnificant deYiations of the ��� 
expected ratio were detected in the Mdh-2 and 6pghd-1 whose causes may be selection, meiotic distortion, 
inter-allelic interactions and gene drift. Signs of linkage disequilibrium were not detected for any of the 
loci, so the author suggested that they can be used for studying the breeding system, diversity and genetic 
structure of populations of G. americana (Sebbenn 2004).

RAPD molecular markers were used to evaluate the genetic diversity of two natural populations located 
along the lower São Francisco River (Rabanni et al. 2012) and in Arauá (Silva et al. 2015) in the state 
of Sergipe (Brazil). In both studies, a high level of polymorphism among the evaluated individuals was 
noticed, emphasizing that these markers regard useful tools to infer about the population genetic diversity. 
Rabanni et al. (2012) also correlated the average genetic distances with the increase in geographic distances, 
pointing out that studied genipap populations would be differentiated by a random process, suffering the 
effects of Jenetic drift due to fraJmentation and decrease of Jene ÀoZ �Telles and %astos �����. Also, 
83*MA �8nZeiJhted 3air *roup Method usinJ Arithmetic AYeraJes� analyses alloZed the identification 
of adequate individuals to be used as seed matrices for germplasm bank generation, seedling production 
and restoration programs in degraded areas (Rabanni et al. 2012).

Another approach identified �� microsatellite loci used to characteri]e �� adult G. americana trees 
from two populations located in a small forest fragment at the Mogi Guaçu Ecological Station (São Paulo, 
%ra]il� and in 6elYtria �Mato *rosso, %ra]il�. Most of the loci identified reJarded dinucleotides ���.����, 
followed by mono- (10.97%), tetra- (4.88%), tri- (2.44%) and pentanucleotides (1.22%). Of these, 17 were 
polymorphic and 15 monomorphic (Manoel et al. 2014). This predominance of dinucleotides was also 
highlighted in genipap DNA sequences deposited in the public GenBank database (www.ncbi.nlm.nih.
gov/genbank/) by Camargo et al. (2016). In terms of genetic structure and diversity, the number of alleles, 
the expected and observed heterozygosity for the populations of Mogi Guaçu and Selvíria showed that all 
loci were in Hardy-Weinberg disequilibrium (Manoel et al. 2014). This scenario is probably related to the 
occurrence of sampled individuals in small forest fragments. Among the 32 microsatellite loci described 
by Manoel et al. (2014), six were investigated in 188 adult and 163 regenerative trees of the Mogi Guaçu 
population, showing Mendelian inheritance, absence of genetic linkage and genotypic equilibrium, being 
indicated for studies of genetic structure and diversity, mating systems and pedigree analyses in this species 
(Manoel et al. 2015).

22 ISSR markers have also been used to evaluate genetic diversity in 35 accessions of genipap (Santos 
����, Moura ����, 6ilYa et al. ����� in an e[perimental field in &ru] das Almas �state of %ahia, %ra]il�, 
revealing 86% polymorphism in the evaluated germplasm (Santos 2012). Another study accessed the 
diversity, divergence and spatial genetic structure of 76 individuals collected in six regions of the Sergipe 
state with 14 ISSR primers, among which seven generated 107 fragments with 100% polymorphism. The 
analysis of similarity and spatial genetic structure revealed the distribution of the individuals in three 
distinct groups, independent of the region of their origin, indicating that the genetic basis was distributed 
randomly (Moura 2014).

The Brazilian genipap germplasm bank was created in 2009 at Embrapa (Empresa Brasileira de 
Pesquisa Agropecuária) Coastal Tablelands station (Tabuleiros Costeiros, Sergipe). This germplasm bank 
was sampled using 12 ISSR primers, uncovering a higher diversity within the accessions (57%) than 
betZeen �����, indicatinJ a stronJ Jenetic structure and a loZ Jene ÀoZ. 83*MA phenoJram shoZed the 
formation of four groups: C1, constituted mostly by accessions from Sergipe and Bahia; C2, accessions from 
Ceará and Sergipe; C3 formed by materials collected in Sergipe and Ceará, and C4, constituted by a single 
genotype of Sergipe. The authors suggest that this genetic distance may indicate a strong differentiation 
process, as a consequence of the genetic erosion, due to the current fragmentation of natural populations. 
Finally, the low heterozygosity noted among the evaluated genotypes indicates a low diversity in the 
genipap germplasm bank, suggesting the need to introduce new individuals to incorporate new alleles and 
increase genetic diversity (Silva et al. 2014).
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Folk medicinal applications

6outh American populations still haYe a siJnificant dependence on natural resources, Zith emphasis on 
plants for various purposes, including food and phytomedicines (Benko-Iseppon and Crovella 2010). In 
this scenario Rubiaceae members stand out, exhibiting a variety of chemical constituents of medicinal 
importance, being used in the treatment of bronchitis, asthma, pneumonia, as well as anti-rheumatic, 
emetic, purJatiYe, diuretic, anti�inÀammatory, antiYiral and anti�edeoJenic actiYity, amonJ others �Loren]i 
and Matos 2002, Dias et al. 2013). Within the family, genipap occupies a prominent position due to its 
recoJni]ed popular use, Zith some pharmacoloJical studies that haYe confirmed part of its properties, also 
uncovering new therapeutic potentialities.

According to Cordeiro and Felix (2014), G. americana is among the most cited plant species by the 
population of Paraíba state (Northeastern Brazil), highlighting the use of genipap fruits in folk medicine 
for the treatment of osteoporosis, anemia, stomach problems, nervousness, diabetes, cholesterol, besides 
beinJ an e[cellent tonic in the fiJht aJainst indisposition, fatiJue and Zeakness.

A compilation of the main uses of G. americana reported in the literature is shown in Table 5.1, 
involving mostly indications based on the application of interviews and questionnaires in populations 
in their areas of occurrence. All parts of the plants have medicinal activity (Table 5.1, Fig. 5.3a). For 
example, tea prepared from the roots has purgative and antigonorrheic properties. Infusion of the leaves 
is used for the treatment of diarrhea and syphilis, and when macerated it is also employed by some native 
tribes as antifebrile. 

Fig. 5.3 (a) Most used Genipa americana plant parts based on Table 5.1, including the number of citations (dark gray) and 
percentage of citations (light gray). (b) Graphical representation of the main categories of indication (in percentage) based 
on the number of indications. Legend for abbreviations in b: DIG = digestive tract; HEM = hematological disturbs (e.g., 
blood pressure, stimulating the lymphatic system); DEF = defense against pathogens, and parasites, antimicrobial activity;  
RES = respiratory tract; SKI = skin, and muscles; KID = kidney and urinary tract; OTH = whole body, against fever, and 

nervousness, among other indications.
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Table 5.1 Main ethnobotanical and phytotherapeutic indications of G. americana considering literature reports and considering 
no association with other plant species.

Ethnobotanical indication
(or treatment of)

Plant part used Form of use Category1 Reference(s)

Against fever Leaves Maceration OTH Delprete et al. 2005
Against weakness Fruit Juice OTH Epstein 2001, Cordeiro and Felix 

2014
Anemia Fruit Tonic HEM Agra et al. 2007
Anemia Stem Bark Decoction HEM Corrêa 1984, Donadio et al. 1998, 

Matos 1999, Cordeiro and Felix 
2014

Anthelmintic Leaves Aqueous extract DEF Nogueira et al. 2014
Antiasthmatic Fruit In natura RES Mors et al. 2000, Epstein 2001, 

Moreira et al. 2002
Anti-diarrheic Leaves Tea DIG Corrêa 1984, Epstein 2001
Antigonorrheic Roots Tea DEF Mors et al. 2000, Epstein 2001, 

Lorenzi and Matos 2002, Agra et al. 
2007, Alves et al. 2008  

Anti�inÀammatory Leaves Maceration OTH Delprete et al. 2005
Antimicrobial Fruit In natura DEF Barbosa 2008, Codignoto et al. 

2017
Anti-syphilitic Leaves Infusion DEF Corrêa 1984, Epstein 2001
Blood depurative Leaves Decoction HEM Alves et al. 2008
Blood depurative Stem bark Decoction HEM Alves et al. 2008
Cholesterol decrease Fruit In natura HEM Cordeiro and Felix 2014
Diabetes Fruit In natura OTH Cordeiro and Felix 2014
Diuretic Fruit Juice KID Epstein 2001
Diuretic Stem bark N.I.2 KID Donadio et al. 1998
Granular pharyngitis Stem bark Decoction RES Corrêa 1984, Matos 1999
Hypertension Fruit In natura HIM Robineau 1995
Jaundice Fruit In natura HEM Mors et al. 2000, Epstein 2001, 

Moreira et al. 2002
Liver disorders Leaves Infusion DIG Agra et al. 2007
Liver disorders Fruit In natura DIG Mors et al. 2000, Epstein 2001, 

Moreira et al. 2002
Muscle contusion, luxation Stem bark Decoction SKI Corrêa 1984, Matos 1999
Nervousness (calming) Fruit In natura OTH Cordeiro and Felix 2014
Osteoporosis Fruit In natura OTH Cordeiro and Felix 2014
Purgative Roots Tea DIG Mors et al. 2000, Epstein 2001, 

Lorenzi and Matos 2002, Agra et al. 
2007, Alves et al. 2008 

Purgative Stem bark N.I.2 DIG Corrêa 1984
Respiratory clearance Sprouts N.I.2 RES Epstein 2001
Respiratory clearance Fruit Juice RES Epstein 2001
Scurvy Stem bark Decoction HEM Corrêa 1984, Matos 1999
Skin affections Fruit Juice SKI Djerassi et al. 1961
Spleen disorders Fruit In natura HEM Mors et al. 2000, Epstein 2001, 

Moreira et al. 2002
Stomach pain Fruit In natura DIG Cordeiro and Felix 2014
Stomach ulcer Stem bark N.I.2 DIG Donadio et al. 1998
Venereal ulcers Stem bark Decoction DEF Corrêa 1984, Matos 1999
Vomitory Seeds N.I.2 DIG Epstein 2001

1Category of indications: DEF = defense against pathogens, and parasites, antimicrobial; DIG = digestive tract;  
HEM = hematological disturbs, blood pressure and lymphatic system; KID = kidney and urinary tract; RES = respiratory tract; 
SKI = skin, and muscles; OTH = whole body, against fever, nervousness, bones, etc. 2N.I. = Not informed. 
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The stem and the bark, although having tannins, exhibit a predominantly purgative effect which in 
decoction, is indicated for the treatment of scurvy wound, venereal ulcer, granular pharyngitis, and anemia, 
besides being used in contusions and bone displacement. 

Mature fruits are rich in iron and are indicated for problems like anemia, jaundice, asthma, liver and 
spleen affections, and against osteoporosis, diabetes and high cholesterol. In addition, due to its high content 
of mannitol, the mature fruit is recommended for the treatment of hypertension (Corrêa 1984, Matos 1999, 
Mors et al. 2000, Lorenzi and Matos 2002, Moreira et al. 2002, Delprete et al. 2005, Conceição et al. 
2011). In vitro studies with extracts of the fruits of G. americana showed a broad spectrum antimicrobial 
activity (Barbosa 2008, Codignoto et al. 2017). 

Considering the popular indications sampled, it is observed that the most used part involves the fruit 
(41.3%), generally used in natura, including both mature and unripe stages. The second most used part is 
the stem/bark (25.4%), followed by root (15.8%) and leaves (14.3%), while seeds and sprouts are rarely 
cited, and no phytotherapeutic use of the ÀoZers Zas reported �)iJ. �.�a�.

An evaluation of the categories of use or indication based on Table 5.1 is presented in Fig. 5.3b. Two 
cateJories fiJure amonJ most indicated� ',* �diseases of the diJestiYe tract� and +(M �treatment of blood 
and circulation problems, hematological disturbs, high blood pressure and disorders of the lymphatic 
system), both with 24.6%. The third category with 19.7% regarded defense (DEF, e.g., against pathogens, 
and parasites or antimicrobial effect), followed by affections of the respiratory system (RES, 11.5%). Less 
frequent indications included problems with skin and muscles (SKI = 4.9%), kidney and urinary tract (KID 
= 3.3%). All remaining symptoms were placed in the “other” (OTH = 11.4%) category, including problems 
that affect the whole body, including weakness, nervousness, fever, etc. (Table 5.1).

Phytochemical studies regarding G. americana — especially involving the isolation of their compounds  
— are still scarce. Brigas et al. (2016) pointed out the presence of some compounds as iridoids, phytosterols, 
and phenolics, all associated with different therapeutic properties. Among the iridoids isolated from mature 
fruits of Jenipap, the Jenipin deserYes mentioninJ �'Merassi et al. ����� due to its anti�inÀammatory and 
antiangiogenic properties demonstrated by Ueda and Iwahashi (1991) and Koo et al. (2004).

Other compounds isolated from G. americana, including geniposide, tarenoside, gardenoside and 
geniposidic acid exhibited anticancer activity in tumor-induced from the Ragi cell line by Epstein-Bar virus 
�8eda and ,Zahashi �����. ,n addition, Jenipin and Jeniposide demonstrated anti�inÀammatory actiYity in 
carrageenan-induced duck edema in rats (Koo et al. 2004). Additional pharmacological activities of iridoids 
haYe been proYed by scientific studies, such as hypotensiYe, spasmolytic, antiarrhythmic, hepatoprotectiYe, 
hypoglycemic, hypolipidemic, antitumor, antiviral, immunomodulatory, among others.

Costa et al. (2010) reported that the seeds and the pulp of genipap fruit contain phytosterols such 
as campesterol, stiJmasterol, and ȕ�sitosterol. 3hytosterols are present in Jenipap in hiJh concentrations 
and have the ability to lower serum cholesterol levels of Low-Density Lipoprotein (LDL). Phenolic 
extracts obtained from G. americana fruits were evaluated by MTT [3(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyltetrazolium], MUH (4-methylumbelliferylheptanoate) and Methylene, indicating significant 
antiproliferative activity for HepG2 hepatocarcinoma (Finco et al. 2013).

A long-standing tradition in Brazil involves the mixing of various herbs in ‘cachaça’ (sugar cane 
brandy), a mixture called “garrafada”. Herbal sellers generally recommend the use of small daily doses, 
usually one small cup (30 mL) per day (Benko-Iseppon et al. 2012), with genipap fruits, bark or leaves 
being one of the elements frequently used in these infusions. Marques et al. (2015) reported the use of 
genipap in ‘garrafadas’ together with six species (popular names ‘catuaba’, ‘jurubeba’, ‘jurema-preta’, 
‘pau-ferro’, ‘prá-tudo’, and ‘ginseng’). The indication of use included treatment of chronic diseases; 
osteoporosis; osteitis; osteomyelitis; periosteitis and back pain. Another survey by Nogueira (2005) reported 
the association of up to 20 herbs in a bottle sold in open markets in Rio de Janeiro, indicated against 
weakness (male or female) to “cleanse the blood”, for problems of the digestive tract and for women who 
haYe difficulty in JettinJ preJnant.

We have noted that ethnobotanical surveys rarely report on these mixtures or on the associations 
of various plant species in a single product, although they are highly demanded and consumed by the 
%ra]ilian population. AmonJ the possible reasons for this lack of studies is the difficulty of identifyinJ the 
contents of these bottles, especially of establishing the botanical species they contain (Benko-Iseppon et al.  
2012, Marques et al. 2015). In addition, the possible cytotoxic and allelopathic and mutagenic effects 



78 Ethnobotany: Application of Medicinal Plants

of these mixtures have been poorly studied. Marques et al. (2015) highlight the lack of standardization 
between different bottles, the poor information in the labels (if any available), emphasizing that the sale 
of these products do not comply with legal regulations. We observed a similar situation for syrups sold in 
the markets of the northeastern Brazilian region, with the lack of labels or in some cases including only 
the popular name of species and not following the labeling regulations required. 

It is important to encourage herbal producers and sellers involved in the production chain of these 
products about the necessary availability of information and demand for standardization, also to preserve 
valuable ethnobotanical information for the next generations.

Adverse effects and toxicity analyses

The importance of a careful evaluation of the cytotoxic, mutagenic and genotoxic potential of medicinal 
plants and their compounds using in vitro and in vivo systems is evident, what can be achieved by different 
types of tests using diverse types of model organisms (Araújo et al. 2015). Despite this importance, only 
three evaluations were carried out to verify the possible adverse effects of G. americana. According to 
Assis (2015), the hydroethanolic extract of the fruits of G. americana showed no in vivo toxicity (acute 
and subchronic toxicity) for mice. Similarly, Omena et al. (2012) found that the pulp and seeds of genipap 
are rich in antioxidants and did not present cytotoxic activity to ovine corneal epithelial cells. However, 
)ernande] et al. ������ reported that the e[tract prepared from leaYes of Jenipap siJnificantly inhibited 
proliferation in the meristematic cells of Allium cepa. In addition, the same extract also promoted inhibition 
of the cell cycle in fibroblasts of the cell line 1&T&����.

&onsiderinJ the aYailable analyses, it is possible to assume that there are siJnificant differences 
between compounds from different genipap tissues, requiring additional studies, including analyses of 
diverse dosages and types of extracts. Particular care should be taken especially in the case of leaves that 
present apparent toxicity, although this tissue represents only the third most consumed plant part (as tea, 
infusion or maceration). It should be noted that no studies were found on the toxicity of the trunk/bark, 
although this part is indicated as the second most used for therapeutic applications (Table 5.1, Fig. 5.3a).

Genipap fruit as food and source of raw material

The only part of genipap considered edible for humans is the fruit. Due to their strong taste, it is usually 
said in Brazil that fresh fruits of genipap can arouse two types of reaction from consumers: love or hate, 
not appealing to most people. Therefore, the mature fruits of genipap are rarely consumed in natura. They 
are generally used as raw material for the production of jams, crystallized fruits, ice cream, soft drinks, 
in the manufacture of liquor, jellies, juices, wines, sweets and syrups (Silva and Tassara 2005, Andrade et 
al. �����. %esides their characteristic ÀaYor and aroma, these fruits are rich in iron, Yitamins %�, %�, %�, 
and C, also containing calcium and carbohydrates in their composition. Genipap fruit is a major source of 
minerals as well as other bioactive compounds for the human diet (Vasco et al. 2008).

Fruit histochemical and chemical evaluations carried out by Figueiredo et al. (1986) reported that 
genipap pulp presents low acidity, high moisture content, low protein and lipid content, high sugar content, 
regular iron content, proper calcium and phosphorus content, high tannin content and palmitic and linoleic 
acids (fatty acids) as well as traces of vitamin C and pectin.

Analyzing the frozen pulp of genipap, Souza et al. (2012) found values of 4.46% of carbohydrates, 
�.��� of proteins, �.��� of lipids and �.��� of dietary fibers. Also the presence of minerals such as 
Potassium (K) 92.55 mg/100 g, Calcium (Ca) 13.23 mg/100 g, Magnesium (Mg) 8.17 mg/100 g and Iron 
(Fe) 0.22 mg/100 g was reported, proving to be a major source of nutrients.

Genipap as a source of pigments

Most reports on the traditional use of genipap regard the use of immature fruits that deliver a blue dye 
employed in diverse types of application. This property of the fruits was already well known to Amerindians 
who used them to tattoo their bodies in religious ceremonies, during battles, to dye fabrics, ornaments, 
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ceramics, spears and other artifacts (Gade 2016). Studies have shown that when the unripe fruit is cut, and 
its interior is exposed to the air, its pulp gradually becomes dark, acquiring an intense blue color (Cavalcante 
�����. ,n this Zay, ,ndians e[tract the Muice of the Jenipap that at first has a citrus color, turninJ to Jreen, 
Yiolet, blue, dark blue and finally almost black. The blue piJment is formed from the reaction betZeen 
genipin, a colorless iridoid present in genipap, and primary amine sources such as amino acids and proteins 
(Touyama et al. 1994, Bentes and Mercadante 2014). 

According to Corrêa (1984), navigators and European colonizers who reached ports in different points 
of America are unanimous in registering the appreciation with which the juice was treated by the natives, 
from Brazil to Mexico and the Antilles. Tattoos last a few weeks, and there are paintings on artifacts and 
pictographs on rocks that have survived through the centuries to the present day. 

Often the genipap dye was associated with the red dye ‘urucum’ (Bixa orellana L., Bixaceae). There 
are reports that Catholic missionaries disapproved of such tattoos and fought against body paintings by 
requiring the natives to wash before entering the churches. In the case of ‘urucum’ tattoos could be washed, 
but the genipap tincture only disappears with time, and for this reason, the prohibitions were often dismissed 
(Corrêa 1984). Cavalcante (1991) reported that according to J. Huber there are testimonies from South 
American natives stating that G. americana was more valued and cultivated by Amerindians because of 
its dye than as a source of food or wood.

Currently, there are some cosmetics for application to the hair and skin, that are available which are 
recommended as temporary tattoo based on the dye of genipap, with a similar appearance to the tattoos 
under the skin and estimated duration of 15 days.

Wood exploitation

The Jenipap Zood has a liJht�colored core, e[tremely Àe[ible, straiJht fibers and relatiYe durability. ,t has 
an aYeraJe density of �.�� J�cmñ, beinJ considered moderately heaYy, Àe[ible, compact, easy to Zork and 
long lasting. It is not considered as hardwood but is much appreciated in woodworking, woodcutting, civil 
and naYal construction, carpentry for the manufacture of furniture, firearm stock, tool handles, and door and 
window frames, being highly valued in curved pieces such as bows of barrels, tennis rackets, sieves, etc. 
(Corrêa 1984, Barbosa 2008, Santos 2012). Other authors reported the use of genipap’s bark, which is rich 
in tannins and is used in tanneries in the treatment of leather (Erbano and Duarte 2010, Moura et al. 2016).

Despite its promising characteristics, there is no genipap cultivation for the timber industry. Almeida 
(2013) highlights the use of wood in construction and vessels in the northeastern region of Brazil in an 
irregular manner, without any kind of preservation measure. We highlight that in this region there is 
considerable fraJmentation of the Atlantic forest, Zhich Zas replaced by suJarcane fields, Zith Jreat 
impact on tree species such as genipap.

This species has been also indicated as valuable in urban and pastureland afforestation, providing 
shade and shelter to the animals, being also used as forage (Salman et al. 2008, Santos et al. 2015), since 
its leaves are well accepted by animals, including cattle, pigs, and goats (Table 5.2). Other studies have 
demonstrated the ability of the genipap tree for phytoremediation, especially due to its capacity to absorb 
chromium (a heavy metal), harmful to living organisms (Barbosa et al. 2007, Santana et al. 2012). Thus, 
this plant can be a valuable tool in the regeneration of areas contaminated with this metal, persistent in the 
surroundings of leather tanneries, being considered carcinogenic in its hexavalent form.

Patents associated to G. americana

Aiming to identify existing patents from G. americana we carried out a search using the keyword “Genipa 
americana´ in the 86 3atent and Trademark 2ffice �863T2� database, recoYerinJ �� patents related to 
uses of this species. The patents were categorized according to their applications, including (1) Production 
of organic or synthetic compounds; (2) Method for production of organic compounds; (3) Method for 
production of compounds rich in genipin; (4) Compositions and methods for hair coloring; (5) Multiple 
emulsion for the stabilization of natural dyes and (6) Phytosanitary formulation for plant defense (Fig. 5.4).
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Table 5.2 Non-medicinal uses of G. americana reported in the literature. 

Sector Plant part Uses and applications Source

Human nutrition Mature fruits Production of jam; crystallized fruit, 
soda, juice, frozen pulp, syrup, liquor, 
wine, alcohol, vinegar, brandy and ice 
cream, etc.

Corrêa 1984, Epstein 2001, Santos 
2001, Prudente 2002

Wood industry Wood Shipbuilding; construction of buildings; 
luxury carpentry; in cooperage, in 
foundries (molding of parts), in 
woodcut, etc.

Corrêa 1984, Epstein 2001, 
Almeida 2013

Leather tanning Wood bark Extract used for bathing in leather 
pieces (tanning).

Epstein 2001, Erbano and Duarte 
2010, Moura et al. 2016

Leather tanning Immature fruit Extract used for bathing in leather 
pieces (tanning).

Epstein 2001

Reforestation Whole plant Recovery of deforested areas, provision 
of shade, formation of living fences and 
street afforestation.

Epstein 2001

Animal feed Leaves and 
mature fruits

Feeding of cattle, goats, and pigs. Epstein 2001, Pinto-Ruiz et al. 
2005, Salman et al. 2008

Phytoremediation Whole plant 3hytostabili]er and chrome filterer, soil 
recovery.

Barbosa et al. 2007, Santana et 
al. 2012

Urban landscaping Whole plant Planting of seedlings in malls and 
squares.

Pinto-Ruiz et al. 2005, Salman et 
al. 2008, Santos et al. 2015

Fig. 5.4 &ateJories of patents deposited in the 86 3atent and Trademark 2ffice �863T2� databank inYolYinJ Genipa americana 
(http://www.uspto.gov/; access in June 2017).

The first patents related to G. americana were deposited between the 1980s and 1990s and mostly 
referred to methods of isolation or production of new organic or synthetic compounds obtained from plant 
extracts for pharmaceutical or pharmacological application. Such patents report the potential of iridoid 
derivatives (monoterpene compounds that occur in plants), such as antihyperlipidemic and cholagogue, 
and point to their potential use in the formulation of cholesterol-lowering drugs (Table 5.3, Fig. 5.4).
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With advances in research, the use of these compounds was expanded to other areas such as food, 
beverages, pharmaceuticals, dietary supplements, cosmetics, textiles, personal care products and animal 
feed. This Zas the second most representatiYe Jroup of the search, Zith fiYe patents for the methods and 
production of compounds rich in genipin for application as dyes in the mentioned areas, emphasizing the 
siJnificant phytochemical potential of Jenipap �Table �.�, )iJ. �.��. 

The third group, with two patents deposited in 2010 concerned hair coloring compositions and 
methods. This group emphasizes the pursuit of the cosmetic industry by plant raw materials capable of 
providing low-cost, low-toxicity natural dyes as an alternative to minimize the irritating or toxic effects of 
synthetic substances present in hair dyes, also allowing the creation of new shades for use in this market.

Other deposited patents included the production of a reddish coloring compound for use as a dye or 
pigment in foods, a multiple emulsion for the stabilization of natural dyes, and a phytosanitary formulation 
applied in agriculture and horticulture (Table 5.3, Fig. 5.4). The formulation of natural defensive substances 
for phytosanitary use stands out as a new application directed to the agronomic area, presenting the herbicide, 
insecticide or fungicide potential, which could minimize the toxic effects caused by commercial insecticides 
for the health of workers and consumers of agricultural products, as well as for the environment.

It is interesting to note that many of the proposed uses and products patented are in consonance with 
the indications and uses made by native communities in Latin America, emphasizing the great importance 
of ethnobotanical studies in the indication of potential targets for bioprospecting of new compounds and 
products of plant origin. Also worth mentioning is the tendency towards a greater appreciation of natural 
products over synthetic products, in the area of cosmetics, food colorants, fabric dyeing, and in defense 
against pests and diseases of agriculture, adding value to natural products, including derivatives of genipap. 
This paradiJm shift is made clear by the filinJ of nine recent patents for µnon�to[ic¶ products of natural oriJin 
between 2010 and 2017. The last patent before this new tendency was in 1995 (Table 5.3). Such a shift is 
possibly associated with the clear consumer demands for natural products and ecologically sound sources.

Conservation, cultivation and extractive practices

The wide geographic distribution and good adaptability of G. americana in several tropical regions (Lorenzi 
and Matos 2008) reinforces its ability to grow under diverse environmental conditions. In addition, this 
species has been shown to be promising in the recovery of deforested and degraded areas due to its adaptive 
characteristics to the ciliary environment, its rapid growth, abundant seed production and its capacity to 
withstand long periods in wet soils, becoming a target of forestry studies (Barbosa et al. 1989, Sebbenn 
1997, Rabbani et al. 2012). 

According to Ferreira et al. (2005), due to its multiplicity of uses, and high potential for immediate use 
among native fruit plants, genipap was included among the 10 species selected as priority by the program 
‘Plants of the Future’ a joint initiative of the Brazilian Ministry of the Environment in conjunction with 
the Global Environment Facility of the World Bank.

Although genipap is a species of recognized productive potential and socioeconomic relevance, works 
evaluating its cultivation and productivity are still very limited. In addition, extractive practices have been 
the main way of obtaining plant material, making the genipap tree very vulnerable and susceptible to forest 
fragmentations and genetic erosion, which has contributed to a reduction of its diversity in some areas. 
For example, Santos (2012) reported that the current practice is to preserve the trees that produce good 
fruit, and those that do not serve this purpose are transformed into wood for various uses in the clandestine 
timber market. Thus, the extractive activities are related to the broad range of applications of this species 
and its logging characteristics (Santos et al. 2011, Bessa et al. 2013). 

Currently, extractive practices have become one of the main threats to plants with edible fruits, being 
carried out in a predatory way by practically complete removal of quality fruits (Ribeiro and Walter 2008). 
Moreover, this fact accentuates the risk of extinction of these genotypes, making it essential to target 
conservation and domestication efforts for species of environmental and economic interest (Gomes and 
Moura 2010).

Aiming at the conservation of diversity, strategies for multiplication, conservation, and sustainable 
management are essential since these species constitute an important source of genetic resources (Paunescu 
2009). In this sense, studies evaluating germination capacity and seed storage are mandatory (Carvalho 
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and Nascimento 2000, Prado Neto et al. 2007, Magistrali et al. 2013), besides in vitro cultivation and 
regeneration trials, as well as acclimatization of seedlings (Rocha et al. 2008, Yee et al. 2010, Almeida 
2013, Almeida et al. 2015). 

A major initiative involved the creation in 2009 of an Active Germplasm Bank of Genipap Tree 
by Embrapa (Brazilian Agricultural Research Company) Coastal Tablelands station in Sergipe state, 
1ortheastern reJion of %ra]il. This station includes an e[perimental field, Zhere plants of different oriJins 
are kept, aiming at their preservation (Almeida 2013). The maintenance of genetic resources of G. americana 
is of particular importance considering its problematic physiology, since the seeds tolerate desiccation only 
at low levels (Carvalho and Nascimento 2000, Oliveira et al. 2011), presenting low viability and absence of 
germination after 60 days of storage (Vieira and Gusmão 2006). Despite this initiative, efforts to preserve 
the species are still limited, requiring higher investments in research and development.

Conclusions and future perspectives

As highlighted throughout this chapter, since the earliest times of human civilization a communion exists 
between genipap and the human populations in the regions where this species occurs. All parts of the plant 
are used, with emphasis on its fruits (mature or immature) and the trunks. There are several products (some 
patented� that, interestinJly, reÀect the primary uses of the parts of this plant. &onsiderinJ the &onYention 
on Biological Diversity (CBD) and the Nagoya Protocol, the knowledge and role of traditional populations 
in relation to their genetic resources should be recognized. The CBD proclaims three main objectives: (1) 
conservation of biological diversity; (2) the sustainable use of its constituent parts; (3) the fair and equitable 
sharinJ of benefits arisinJ from the utili]ation of Jenetic resources �5abit] �����. 

However, the scenario for achieving these goals is not promising in the case of genipap, since many 
of their areas of occurrence have been devastated and replaced by plantations and pastures, with emphasis 
on the Atlantic and Amazon forests, as well as Cerrado’s riparian forests in Brazil. 

With regard to sustainability, there are still no established and implemented methodologies for the 
propagation and scale plantation of G. americana. In this way, its use has been associated with extractive 
practices or the maintenance of some individuals in pastures and backyards of private properties. 
Appraisement of some populations in the last 15 years by our group draws attention to the lack of succession 
by young plants in the surroundings of existing trees older than 40 years or more. In addition, the fragments 
where the trees occur are gradually decreasing in size, plant density and diversity. Besides, as reported, 
few seeds germinate, and most of the seedlings die few days or weeks after germination. Therefore, it is 
imperatiYe to analy]e the reproductiYe mechanisms of this species, Zhich may help in the definition of a 
strategy for the production of useful seedlings or stocks for reforestation and to maintain their diversity.

,n reJard to ³the fair and eTuitable sharinJ of benefits arisinJ from the use of Jenetic resources´, 
the reality is still far from achieving this goal. Practically all patents listed in this chapter derived from 
information associated with popular knowledge of genipap, show the importance of ethnobotanical surveys 
in different regions of its occurrence, especially those with greater dependence on natural resources. If the 
benefits are to be shared, it remains to be seen by the ne[t Jenerations.
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Paramela  

(Adesmia boronioides Hook. f.)

From Popular Uses to Commercialization

Silvia B. González,1,*, Ana H. Ladio,2 Bruno Gastaldi,1 Fresia M. Silva 
Sofrás,1 Ariel Mazzoni3 and Gustavo Sánchez4

Introduction

Adesmia boronioides Hook.f. is a perennial bush belonging to the Leguminosae family (Fabaceae). Its 
common name is “paramela” and is a species with a long history of use among the native societies of 
the Argentinean-Chilean Patagonia. Due to its cultural and symbolic value, it stands out as part of the 
biocultural heritage of the region. It is part of the knowledge and practices related mainly with the health 
and subsistence of Mapuche and Tehuelche communities since pre-hispanic times (Molares and Ladio  
2009, Ciampagna and Caparelli 2012). It is a plant used for human consumption as medicine (Martínez-
Crovetto 1980, Campos et al. 1997, Montes et al. 2001) as well as ornamental and melliferous (Forcone 
and Muñoz 2009, Green and Ferreyra 2011). 

Recently, commercial interest towards this plant has increased given its exceptional conditions and 
potential, and in particular due to its fragrant odor (since 2005, its essential oil has been used as a supply 
for the perfume industry). Nowadays, paramela is used in rural areas mainly as a medicinal infusion, and 
in urban areas as ornament and/or as an aromatic ingredient for the preparation of an alcoholic beverage.

 This native plant of the Patagonian region inhabits low irrigation sites, is of slow growth, and its 
culture is of interest (Contardi et al. 2016a, 2016b). So far it is almost exclusively found in its natural state 
(Barthelemy et al. 2008). However, in a great part of the rural communities, mainly those of Mapuche-
Tehuelche ascendance, the paramela is protected in family orchards either because it is tolerated and cared 
for with the rest of the plants or because it has been transplanted to these spaces, thus being possible to 
place it in an incipient domestication process (Ladio and Molares 2017).

A successful and sustained development of commercial products derived from native plants requires 
a domestication process of the species. This process would ensure homogenous genetic material and high 

1 Universidad Nacional de la Patagonia San Juan Bosco sede Esquel, Facultad de Ciencias Naturales y Ciencias de la Salud, 
Ruta Nacional N°259 km 16,41 (U9200) Esquel, Chubut, Argentina.
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3 Estación Experimental Agropecuaria Bariloche, Instituto Nacional de Tecnología Agropecuaria (INTA).
4 Universidad Nacional de Río Negro, Sede Andina, Tecnicatura en Viveros.
* Corresponding author: quim-esq@unpata.edu.ar
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quality specimens. It would involve an improvement in the raw materials and a standardization of the 
content in the active principles. Reproduction studies made from A. boronioides seeds, allowed for the 
development of the species propagation protocols and the production of plants in greenhouses (González 
et al. 2009, Sánchez and Riat 2012, Mazzoni et al. 2014). Since 2015, an experimental culture in the 
Andean region of the Argentinean Patagonia allows for the evaluation of the productivity and quality of 
the cultivated plant’s essential oil in relation to the wild population.

It is of particular interest to point out the negative consequences of unreasonable commercial 
exploitation of the wild populations of the species and the substantial importance of their cultivation. 
In the latter case, further studies are needed regarding the selection of chemotypes and their population 
dynamics, as well as major research on the possible management and sustainable use of wild populations. 
This is essential in order to be able to establish manuals of good practices for those who are engaged in 
their collection.

Botanical and ecological information of the species

Botanical description

A. boronioides is a perennial bush belonging to the Leguminosae family (Fabaceae). Its common name 
is “paramela”. Its habitat ranges from 0 m.a.s.l. to 2,200 m.a.s.l. It has a medium size, varying between 
�.��±� m. ,t is hiJhly ramified, Zith Jlandular branches, fraJrant and Yery resinous and sticky to the touch. 
,t has an a[onomorph root. The leaYes are �±� cm, shortly petiolate, ��±���leaÀets, leaf rachis Zith erect, 
brief hair� oboYate, Àeshy, Jlabrous, toothed, shiny, �±� mm leaÀets Zith crateriform Jlands especially at 
the edJe� short, ample[icaul, Jlabrous, Jlandular stipules. &lusters of �±� cm, densiÀorous, sessile, oYate, 
acute, Jlandular, Jlabrous bracts. The ÀoZers are �±�� mm, colorful, yelloZ, perfumed, Zith campanulate 
chalice, pubescent, glandulous, with short teeth, serice-pubescent in their interior; glabrous vexillum 
(banner), glabrous wings and keel shorter than vexil. Ovary with some marginal hair. Narrow, pubescent, 
glandular, 3–5-articulate loments; semicircular, dehiscent 4.5–6 mm trusses.

Its anatomy was initially studied by Nájera et al. (2000). Subsequently, in an evaluation of leaves and 
stems of diverse origins in their Patagonian distribution, very similar microscopic characters were found. 
They all have cyclocytic stomata on the leaves’ epidermis. The secretory pores are located, in greater 
number, on the abaxial surface, although some pores can be observed on the adaxial surface. On some 
samples, secretion pores were found at the end of the leaves semilimbos (e.g., Los Antiguos, El Calafate, 
Bariloche, Villa La Angostura) (González et al. 2014).

Fig. 6.1 'etail of the Jlands in the bundle and the back of the leaÀets ���[�. 3hotoJraph by *on]ile], 6.%.
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Geographic distribution

A. boronioides’s distribution ranges from Mendoza to Tierra del Fuego provinces, in Argentina, including 
also Neuquén, Rio Negro, Chubut, and Santa Cruz, and the XI and XII Regions of Chile (http://www2.
darwin.edu.ar/Proyectos/FloraArgentina/fa.htm, Burkart 1967, Ulibarri and Burkart 2000).

It inhabits sunny areas, shrubs, river sides, roads and ravines, mainly in the Patagonian steppe, shrubland 
areas and steppe�forest transition ]ones �https���ZZZ.sib.JoY.ar�ficha�3LA1TA(
adesmia
boronioides�. 
The forest areas where paramela can be found consist mainly of lenga (Nothofagus pumilio), ñire 
(Nothofagus antarctica) and cypress (Austrocedrus chilensis) (Molares and Ladio 2012b). It has also been 
found in the Atlantic littoral, in Santa Cruz province, in the Rio Gallegos area (González et al. 2014). In 
slopes, near Los Molles, Mendoza, it grows in shrubland vegetation.

Generalities of the Adesmia genus

The Adesmia DC genus has only been found in South America, in approximately 240 species. These 
species are distributed mainly in the center of Chile and in the south and west regions of Argentina. In 
this country, more than 100 representative species have been found, which makes it the most numerous 
genus of the Leguminosae, Papilionoideae. There are about 55 species in the Patagonian region (Burkart 
1984, Ulibarri and Burkart 2000, Ulibarri and Simpson 2010).

A. boronioides stands out as the only species of this highly glandulous-resinous genus (Burkart 1967).

Ethnobotany

Its common name is paramela, but it is also known as té silvestre (wild tea), yerba carmelita (Carmelite 
herb), éter (ether), pegapega, yagneu and lonkotrevo (González 2002, Molares and Ladio 2012a,b). Native 
people of Patagonia have great respect for this plant, and use it for both medicinal and symbolic purposes. 
Its use is inscribed within a holistic understanding of health in which different participants, elements and 
unique worldviews that have no equivalent in western science are involved (Ladio and Molares 2014, 
2017). For this reason, a “translation” of certain uses from a western perspective must be done carefully 
since they could be oYersimplified or interpreted as therapeutically inaccurate.

This plant is used as medicine by a large part of the Patagonian rural population. Its medicinal use 
has been registered in ethnobotanical works by communities very distant from each other (Neuquén, Rio 

Fig. 6.2 Microscopic structure of the glandular structures in stems and leaves (40x) Guerra P.E. Photograph by González, S.B.
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Negro and Chubut provinces, as well as the south regions of Chile) (González et al. 2005, Molares and 
Ladio 2009). In most studies conducted in Mapuche-Tehuelche communities, the species has high levels of 
consensus among inhabitants, in many cases greater than 75%, that is to say, their knowledge and use of the 
plant is widely shared and disseminated among the rural population (Ladio 2006, Molares and Ladio 2014).

The species has been most recurrently cited as digestive, antirheumatic, diaphoretic and antiemetic 
(Campos et al. 1997, González et al. 2004, 2005, Toledo and Kutschker 2012, Molares and Ladio 2014). 
Today, it is a substantial part of these communities¶ home medicine, beinJ part of the first�aid kit of rural 
families that use it to cope with health problems autonomously (Richeri et al. 2013). Traditionally, it is 
collected in autumn-winter, while the animals are taken care of, and kept dry in paper bags in dark places 
to use it as medicine during the whole year (Richeri et al. 2013). The people of the countryside distinguish 
it by its “perfumed” character and it is listed in the group of plants with “magical soul” and “sweet smell 
and bitter taste” (Molares and Ladio 2009, Ladio and Molares 2014).

Fig. 6.3 A. boronioides distribution map. Neri, A. and Gastaldi, B.
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It has been used since ancient times by the native people of the region mainly to relieve bruises, sprains, 
cramps, and joint and muscle pains (González 2002, Estomba et al. 2006, Igon et al. 2006). It is also valued 
for having the property of “heating the body” when prepared in the form of steam inhalations and baths, 
with the plant submerged in hot water (González 2005). These baths are mainly used to prevent children 
from urinating in bed when it is cold (Igon et al. 2006). Also, the steam inhalations are used against cold 
and cough discomfort, in communities of Neuquén, Río Negro and Chubut provinces (Igon et al. 2006, 
Eyssartier et al. 2011, Richeri et al. 2013). According to Richeri (2016), families in the Chubut plateau 
gather paramela to treat asthmatic people or for bronchitis cases. This author also records the use of the 
plant as incense (burning), perfume and to cleanse the houses of evil spirits. According to Ochoa (2005), 
the species is also used in ointment as a sedative for rheumatic problems and to heal wounds.

The tea or infusion of paramela is widely used as digestive (Igon et al. 2006). It is also included in 
the mate, a traditional drink of the region that is mainly composed by mate herbs (Ilex paraguariensis) 
(Weigandt et al. 2004). It is marketed in businesses dedicated to the sale of medicinal plants in S.C. de 
Bariloche mainly for its digestive properties (Cuassolo et al. 2010). The infusion is also used to wash the 
hair in order to kill lice and is considered to be a hair vitalizer (Martínez-Crovetto 1980, Conticello et al. 
1997, Igon et al. 2006). Ochoa (2008) describes that, in Arroyo Las Minas (Rio Negro), the infusion is used 
for kidney problems, and women drink the infusion after childbirth to recover faster, as an invigorating 
drink. The use for kidney problems has also been cited by Kutschker et al. (2002). Some studies have 
also identified it as an aphrodisiac �Muxo] et al. ����, ,Jon et al. �����. ,n &omallo and 3ilcaniyeu �5io 
1eJro�, people emphasi]e the use of the plant¶s decoction to ease Àu, stomach pains, diarrhea, and feYer 
(Eyssartier et al. 2009, 2011, 2013). 

Popular uses of paramela

Infusion (tea): In most local recipes it is prepared using a tablespoon of leaves per cup. The dose is one 
cup per day. 
Mate: Fresh/dry leaves are added to the mate infusion.
Decoction: The twigs are boiled in water and eaten with burnt sugar or alone.
Plaster: The leaves are crushed and embedded in a gauze or rag that is placed over the sore area.
%aths and steam inhalations� A larJe boZl is filled Zith hot Zater and branches of the plant are added.
Incense: Branches are placed on the kitchen stove or burned slowly to release its fragrance.

Other local uses

It is cited as an excellent forage (Green and Ferreyra 2011). In their work on the Chubut plateau, Castillo 
and Ladio (2014) found that it is a plant used as forage for goats and sheep, even though it is considered 
by the shepherds as a problematic plant, because the animal’s meat will have an unpleasant taste after 
feeding on this plant. Also, Green and Ferreyra (2011) described its moth-repellent properties.

Chemical constituents

The first chemical analysis of essential oils and resinoids obtained from leaYes and stems Zas made 
in 1963 (Montes and Peltz 1963). They described physicochemical properties of the essential oils and 
chromatoJrams, but Zithout mentioninJ any specific compounds due to the instrumental limitations of 
the time.

Agnese et al. (1989, 1993) made phytochemical studies on some Adesmia species ($. JrandiÀora, 
A. bicolor, A. retrofracta, A. trijuga, A. horrida, A. incana, A. aegiceras). They analyzed hydrophilic 
compounds includinJ ÀaYonoids, pinitol, Yanillin and Jlucose, and some lipophilic compounds such as 
alkanes, carboxylic acids and wax. 

Faini et al. (1995) reported three new triterpene glycosides of the malabaricane type in A. aconcaguensis.
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The main component structure in the essential oil is a bisnorsesquiterpene called “esquelenone”. 
This component was named after the city “Esquel”, in the Argentinean Patagonia, where paramela grows 
naturally. Taking into account the stereochemistry of the compound, the name is (1S,4R,5S)-esquel-6-en-
9-one, whereas the IUPAC name is (3aS,1R,7aS)-1,2,3,3a,5,7a-hexahydro-1-methyl-6-(1-methylethyl)-
4H-inden-4-one (Fig. 6.4).

Essential oil composition of A. boronioides

The essential oil yielded 0.5% in average, through hydrodistillation of aerial parts. This oil is yellow-
Jreenish color Zith a pleasant sZeet odor, specific JraYity �.���� and refraction inde[ �.���� at ���&, 
[Į]= +6 (0.02; hexane). The essential oil had a high content of sesquiterpenoids. The main compounds 
had a novel bisnorsesquiterpene structure (González et al. 2002) and were named Esquelenone and 
,soesTuelenone. The other important compounds had cadinane and eudesmane skeletons, the first one 
belonging to Į�copaen����ol and the other to ���epi�Ȗ�eudesmol.

The relatiYe amounts of the main components Zere directly inÀuenced by the recollection sites, 
phenological stage, drying time, season, among others.

The main compound might derive biogenetically from MW 236, an intermediary compound, precursor 
of furopelargones, proposed by Lukas (1964). In turn, this hypothetical structure might derive from a 
guaiane skeleton (6,9-guaiadiene, Fig. 6.5).

The olfactory profile of this essential oil Zas uncommon and interestinJ, Zith a sZeet, Zoody and 
spiced odor, Zith stronJ fi[ation properties �*on]ile] et al. �����.

Structural elucidation of the main components were performed through NMR (mono and bidimensional), 
9ibrational &ircular 'ichroism �9&'� and its absolute confiJuration Zas recently reassiJned �*on]ile] 
et al. 2002, Cerda-García-Rojas et al. 2015).

Essential oil composition includes not only novel structural components (Fig. 6.6) but also new terpene 
skeletons not reported previously in other species (González et al. 2004).

The essential oil, some extracts, and the main component all have a nice, fruity odor suitable for 
perfumery production. A dermal sensitivity test showed it was harmless to the skin (González 2002). Also, 
some assays showed high stability of the essential oil at room temperature, even with solar exposition. These 
results endorse the potential use of this natural product in the production of fragrances. An unfavorable 
orJanoleptic modification Zas obserYed, hoZeYer, Zhen the essential oil Zas subMected to heat or e[posed 
to air. 8nder these conditions, the esTuelenone Zent throuJh an isomeri]ation process in the first case, and 
through a peroxidation process in the second case. This resulted in a decrease in the fresh and fruity odor.

Fig. 6.4 Absolute confiJurations of esTuelane deriYatiYes �±� �&arlos M. &erda�*arcta�5oMas et al. �����.
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Fig. 6.5 Biosynthesis of Esquelenone (González 2002).

Fig. 6.6 Main sesquiterpenes skeletons in A. boronioides’s essential oil (González 2002).
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The esquelenone compound shares structural features with products which are being used currently 
in the perfumery industry such as 6,7-dihydro-1,1,2,3,3-pentamethyl 4-(5H)-indanone (Cashmeran®).

Chemical variability in the essential oil of A. boronioides

A study of the volatile compounds’ chemical variability along the Patagonian distribution was conducted, 
including Neuquén, Río Negro, Chubut and Santa Cruz provinces in Argentina.

&ontents and reJulation of secondary metabolites are Yery sensitiYe to enYironmental inÀuences and 
the presence of pathogens and predators. The chemical variability in natural populations of paramela in 
3ataJonia has been confirmed. )or e[ample, it is remarkable to find a Jreater concentration of hemiterpenes 
(C5) in the southernmost sites and the quantitative difference of cadinane skeletons, which are preponderant 
in some sites (La Hoya, Chubut 41% in 2015) and almost absent in others (Los Antiguos, Santa Cruz 0 to 
3% in 2013–2015). Esquelanes/guaianes were quantitatively important in all studies, with a percentage of 
the total essential oil contents ranging from 27.4 to 60.4%. (González et al. 2016). Low molecular weight 
compounds were detected in Santa Cruz, Los Antiguos and El Calafate. The most noteworthy of these 
compounds was 2-methylbutanenitrile, precursor of cyanogenic glycosides, present in numerous species 
of plants and insects (González et al. 2014).

These findinJs shoZ the importance of establishinJ the oriJin of the plant material in order to assure 
the essential oil quality.

Cyanogenic glycosides

The southernmost populations of A. boronioides analyzed (Los Antiguos y el Calafate) were the only ones 
which showed a positive reaction to Guignard test to detect cyanogenic glycosides. This is consistent with 
the presence of 2-methylbutanenitrile, lotaustralin precursor, in volatile compounds of A. boronioides in 
these locations (González et al. 2014).

According to the reference bibliography, cyanogenic plant populations were associated with lower 
altitude locations, which would point towards a negative correlation between altitude and cyanogenic 
plant number for a given species (de Araújo 1976, Richards and Fletcher 2002). This previous work was 
consistent Zith our findinJs, Zhere the populations in altitudes loZer than ��� m a.s.l. shoZed a positiYe 
reaction in the Guignard test (Silva Sofrás et al. 2016).

Paramela might be a polymorphic species regarding cyanogenic glycosides production (Kakes 1990) 
and its function would be related to different endogenous or exogenous factors, for example the presence 
of seed�feedinJ insects, Yery common in studied populations �'elfino et al. �����.

The quantitative assay gave a maximum value of 0.47 µg HCN/g per plant. The lethal dose for an 
adult human is 30–120 mg HCN, so it would be necessary to ingest 65 kg of this plant to reach this level. 
A. boronioides is traditionally used in infusions, with barely 5 g in 100 ml of hot water, and therefore it 
is safe for human consumption.

Phenolic compounds content

There is only one previous study regarding paramela phenolic compounds (Silva Sofrás et al. 2016). In 
this work, 12 populations from different altitudes and latitudes in Patagonia were collected and analyzed 
in two seasons: spring and autumn. The antioxidant variability found by Gastaldi et al. (2016) is consistent 
with the total phenolic contents in each location.



Paramela (Adesmia boronioides Hook. f): From Popular Uses to Commercialization 97

The sites with altitudes lower than 500 m.a.s.l. had a higher value of total phenolic compounds in 
autumn and the ones aboYe ��� m a.s.l. had a hiJher Yalue of ÀaYonoids in sprinJ. 

Total phenolic contents and antioxidant activity in A. boronioides are higher in autumn than in spring. 
There was a positive correlation between the number of compounds found and the site’s latitude. Seventeen 
constituents Zere detected throuJh TualitatiYe analysis� three phenolic acids and �� ÀaYonoids.

The largest amount of compounds was detected in Rio Turbio (Santa Cruz), including a phenolic 
acid e[clusiYe of this site. Three ÀaYonoids Zere detected in %ariloche and 9illa La AnJostura Zhich are 
exclusive of these sites.

There was no difference in the number of compounds detected in autumn and spring for the sites 
analyzed in both seasons. 

The phenols and ÀaYonoids TualitatiYe analysis Zas consistent Zith total ÀaYonoid content TuantitatiYe 
analysis (Silva Sofrás et al. 2016).

In vitro biological activity studies

Antioxidant activity

The aerial parts of the plant exhibited antioxidant activity, most likely due to the presence of phenolic 
compounds and ÀaYonoids �*astaldi et al. ����, 6ilYa 6ofris et al. �����. (stomba et al. ������ studied 
the antioxidant activity and pigments of A. boronioides using micropropagated 60-day seedlings from 
sterile cultured seeds. A low amount of total chlorophyll was observed with “a” chlorophyll reduction at 
the expense of the “b” chlorophyll (a/b chlorophyll: 2.98). Catalase activity (EC1.11.1.6) was low. The 
authors concluded that it is possible to use these in vitro cultures as a source of bioactive metabolites.

Trypanocidal activity

The concentration of A. boronioides that inhibited the growth of parasites by 50% was lower than the 
benzimidazole IC50. In the inhibition curve, the trend line coincided with a polynomial equation, which 
would indicate that the growth of epimastigotes was affected by more than one variable. Villagra et al. 
(2008) concluded that new tests are required to support this hypothesis and suggested that it is possible to 
encourage the search for active compounds against Chagas disease from these essential oils.

Antimicrobial and antifungal activities

In vitro susceptibility assays and solid medium diffusion assays were carried out. For these assays, 
extracts in methanol, ethyl acetate, dichloromethane, hexane and water were prepared. The extracts were 
challenged with microorganisms (CCMA-29: Collection of Microbial Cultures of Argentina No. 29), 
impreJnatinJ filter paper disks of �.� mm up to a total load of �.�� mJ�mL. The culture media Zere at tZo 
pH (Antibiotic Medium I pH 6.6 and II and pH 7.9). The antimicrobial and antifungal activity under assay 
conditions was null, except for the extract in ethyl acetate, in medium at pH 6.6, which showed activity 
on Staphylococcus aureus (González 2002). In more recent studies (Blengini et al. 2016), antibacterial 
activity against Gram-positive bacteria such as Staphylococcus aureus ATCC 25923 and Enterococcus 
faecalis AT&& ����� Zas detected, Zith M,& Yalues   of ��.� ȝJ�mL for both bacteria. These studies Zere 
conducted with an experimental technique adapted from those suggested by the Clinical Laboratory 
Standards Institute (CLSI). A panel of positive and negative Gram bacteria was used and the oil was 
assayed. For the antifungal evaluation a broth microdilution method in front of a panel of standardized 
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fungi was used. The oil showed antifungal activity against Candida glabrata and Candida parapsilosis, 
Zith �,��� ȝJ�mL M,& Yalues aJainst both yeasts.

Anti-inflammatory activity

A methanolic extract, an infusion and the essential oil obtained by hydro distillation were assayed in 
accordance with the Argentine National Pharmacopoeia VII Edition.

The polar fractions (methanolic and aqueous) and the essential oil of A. boronioides were assayed at 
concentrations of �� and �� ȝJ�mL for their eicosanoid Jeneration effect �T%;�, 3*(� and LT%�� in rat 
peritoneal leukocytes. The methanolic extract and the essential oil showed a strong inhibition of LTB4 
generation, whereas the aqueous extract was comparatively inactive. The methanolic extract showed 
potent TXB2 inhibition while the essential oil and aqueous extract were much less active. The effect on 
PGE2 production was smaller, implying that the greatest effect was produced on thromboxane synthase. 
The essential oil shoZed a siJnificant L'+ release in rat peritoneal leukocytes Zhich Zould suJJest a 
substantial toxicity to the cells; the other two extracts were not harmful.

,ts anti�inÀammatory actiYity has been tested in vitro, which would support one of the properties 
attributed to the plant, that is, as a “medicine” for rheumatic pains (González et al. 2003).

Acute toxicity studies

The potential acute toxicity of A. boronioides infusion was recently studied using the Artemia salina 
model. A 5% infusion was prepared from aerial parts of the plant following the standards of the Argentine 
National Pharmacopoeia VII Edition to make an infusion. A freeze-dried product was obtained from the 
infusion. The A. saline model organism was exposed to different concentrations of the freeze-dried product 
in order to obtain concentration-response curves and to determine lethal concentrations 50 (LC50) in mg/mL.

LC50 � � mJ�mL in the to[icity bioassay Zith A. salina is considered an acute toxicity indicator for an 
aqueous vegetal extract. This result can then be extrapolated to animals and humans. The value obtained 
from the A. boronioides assay was 5.16 mg/mL, which would indicate that an infusion made from this 
species would not present a risk of acute toxicity to humans (Mongelli et al. 1995, Pérez and Lazo 2010, 
Gastaldi et al. 2016).

Allergenicity: dermal irritability test

Tests performed with A. boronioides essential oil included the analysis of erythema (non-pruritic rash, 
briJht red and sliJhtly raised skin� and edema �accumulation of interstitial Àuid in larJe amounts� in albino 
rabbit skin. The results showed the safety of the essential oil under the test conditions, according to the 
methodology of Draize (Gonzalez 2002).

Background of the species conservation state 

In Argentina, the state of conservation of the paramela has not been systematically evaluated. According to 
IUCN its status is “not evaluated” (NE). However, in Chile it is in the red book of CONAF (Corporación 
Nacional Forestal, www.conaf.cl/) as a vulnerable species. In Argentina, there are no reliable studies so 
far, e[cept for the fact that it is protected in all 3ataJonian 1ational 3arks �https���ZZZ.sib.JoY.ar�ficha�
3LA1TA(
adesmia
boronioides�. There is also no official information on the Yolumes that are subMect 
to commercial exploitation to date, so we consider that their conservation status should be addressed and 
studied in more detail.

According to national and international standards (National Biodiversity Strategy and Plan of Action 
2015–2020, IUCN and CBD), the use of goods should not affect the functioning and sustainability of 
ecosystems �Àora, fauna, Zater, etc.�, nor the cultural Yalues of the local people. &onseTuently, if this 
species is to be used for commercial purposes, it is necessary to provide mechanisms that will ensure 
that this natural resource is used in the context of sustainable development, taking into account the rights 
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and values   of local communities. This is the current perspective on conservation, where the protection 
of biodiversity is intimately related to socio-cultural and economic components through the concept of 
sustainable development.

Additionally, it is important to consider the protection of the different wild populations of this species, 
given that, due to its geographical extent, it shows morphological and chemical variations, particularly in 
its essential oil (González et al. 2016).

Commercial use

Today, the species is commercialized in three ways: (1) as an ingredient for an alcoholic beverage; (2) 
as a medicinal herb, mainly in infusions and decoctions; and (3) its essential oil as a raw material for 
perfumery (Fig. 6.7).

 1) As an ingredient for an alcoholic beverage: A. boronioides can be found in a product called 
“Estepvka”, made in El Calafate, Santa Cruz. The labeling of the product shows that its ingredients 
are Zater, alcohol and paramela. ,n addition, it is specified that the alcoholic concentration is ��� 
(http://www.latiendagourmet.com.ar/bebidas/espirituosas/vodka-estepvka/).

 2) As a medicinal herb: there is fragmentary information about the volumes used for commercial sales, 
the existence of collection centers, and the number of marketing intermediaries involved. Empirical 
works carried out in the city of S.C. Bariloche show that this plant is mainly commercialized dried, 
sometimes fresh, and in Yery Yariable Tuantities in bulk, includinJ branches, leaYes and ÀoZers. The 
main sales destinations are Patagonian herbalists, pharmacies and houses selling naturistic products, 
where the product is fractionated in the selling points (Cuassolo et al. 2010). Adesmia boronoides 
appears as one of the most commercialized native medicinal plants in the urban centers of the region 
(Cuassolo 2010).

 3) Regarding its use as an essential oil, it has been used in perfumery since 2005, and to this purpose 
it is marketed and exported. The extraction and harvesting of the material comes only from natural 
populations. AccordinJ to unYerified sources, the amount of raZ material Zould add to more than 
300 tons to date. This material is processed solely by the distillation plants. There are audio-visual 
records of the recollection in Lago Buenos Aires, Santa Cruz province, where weekly truck shipments 
to the city of Esquel are mentioned (https://www.youtube.com/watch?v=mxSeFGrs30U).

In Chile, Paramela is advertised and sold as the “mapucheviagra”: a herbal preparation called Palwen 
that increases sexual vigor (https://www.iucn.org/node/16897).

In 2008, the Natura cosmetic company started commercializing a perfume with a fragrance containing 
essential oil of paramela. The product is called “Amor América”  , and it was inspired by plants from 
the Andes and Patagonia, including not only the paramela but also the palosanto of Ecuador (Bursera 
graveolens (Kunth) Triana & Planch.).

Fig. 6.7 Alcoholic beverage and perfume with A. boronioides as an ingredient. Photograph by González S.B.
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It is worth mentioning that the species has begun to be sold as ornamental in some regional fairs and 
nurseries of 3ataJonia because of the beauty of its ÀoZers and its perennial character.

Domestication experiences and propagation

Background analysis shows that A. boronioides arouses much interest in companies on a commercial scale, 
and that the material is obtained only from natural populations.

Germination studies developed by the National University of Patagonia S.J.B. (UNPSJB), INTA 
and the National University of Río Negro (UNRN) made it possible to identify effective and practical 
methods for propagation. In order to successfully germinate A. boronioides, it is necessary to break the 
physical barrier using treatments that weaken the seed coat. From seeds collected in natural populations, 
pre-germination soaking treatments at 80°C yielded 85% germination success (González et al. 2009), and 
pre�scarification yielded ��.�� Jermination success �Ma]]oni et al. �����.

These experiments and results suggest that it would be feasible to produce large-scale seedlings to 
establish future crops as a productive alternative for the region.

Container cultivation was evaluated by the UNRN Tecnicatura en Viveros (Plant Nursery Technicature). 
They evaluated the production of 120 plants grown from seeds in one-liter containers with a substrate 
mixture of volcanic ash, peat and soil (Sánchez and Riat 2012). This plant material was transplanted in 
2015 to a nursery on outdoor soil, located at INTA Bariloche to continue for future evaluations (Fig. 6.8).

Additionally, this exploratory cultivation test generated vegetal material that was harvested and is 
being characterized chemically in relation to its contents of essential oils in the UNPSJB. In this way the 
domestication studies carried out in the region try to make technical contributions that allow us to think 
about productive alternatives, reduce the collection pressure of the environment and generate products of 
commercial quality (Mazzoni et al. 2016, Contardi et al. 2016a, 2016b).

Fig. 6.8 Natural populations and stonemasons with specimens obtained from seeds of that origin. Photograph by González, 
S.B. and Mazzoni, A.

Conclusions

The studies presented in this chapter confirm the lonJ history of use that A. boronioides has in the Mapuche-
Tehuelche communities, as an aromatic and medicinal plant. Consistent with the commitment made by 
Argentina to the Convention on Biological Diversity and the Nagoya Protocol, it is necessary to develop 
regulations to control and protect the access to the traditional knowledge associated with this plant.

In relation to the use of paramela for human consumption, the results of the research are promising. 
To date, no evidence of toxicity or allergenicity has been found in traditional forms of use in terms of 
preparation and dosage. However, there are no studies on high-dose and long-term use safety. There 
are chemical studies that show variability in the chemical composition (qualitative and quantitative) 
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of the essential oil and in the content of phenols in different populations of A. boronioides throughout 
Patagonia. This means that in order to be able to recommend its consumption, the homogeneous quality 
of the chemical composition of the plants used for the production of beverages must be ensured. In turn, 
it would be important to develop systems for quality control and authentication of the raw material used 
as an additive in edible products.

Studies showed that propagation of A. boronioides was possible from seeds. The plants produced could 
be used to establish field crops in the future, and not rely on natural populations as the only alternatiYe for 
obtaining plant material intended for the production of commercial products.

Finally, in order to fully understand the current situation of this species and all its potential uses it is 
necessary to adopt a multicultural and transdisciplinary approach. This approach should bring together 
the academy perspective with that of the local communities, who have been the main heirs and makers of 
this valuable Patagonian heritage.
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The Genus Vismia: Geographical 

Distribution, Chemical Composition 

and Recent Biological Studies
Janne Rojas* and Alexis Buitrago

Introduction 

Plants usage is considered an ancient practice where a religious-magical touch also took place for the 
treatment of several human pathologies. Despite the modern practice of medicine and the use of prescription 
drugs, nowdays, there is an increased interest to discover new medicines from natural sources (Rates 
2001). Thus, plants have been under investigation to determine biological activities that might be useful 
as a natural alternative for the treatment of human diseases. 

Hypericaceae family comprises nine genera: Cratoxylum Blume, Eliea Cambess, Harungana Lamarck, 
Hypericum L., Lianthus N. Robson, Santomasia N. Robson, Thornea Breedlove & Mc Clintock, Triadenum 
Rafinesque and Vismia Vand (Crocketta and Robinson 2011). Vismia genus is composed of approximately 
55 species, distributed in tropical and subtropical regions of Central and South America, although there are 
some species reported in Africa (Hussain et al. 2012). Phytochemical studies conducted on different Vismia 
species have reported around 161 chemical compounds, the majority of these with aromatic structures, 
holding oxygenated functions such as anthrones, xanthones, anthraquinones, among others, which are 
biosynthetically generated by the acetate malonate pathway. Other type of components isolated from this 
genus comprises flavonoids, originated by the combination of acetate malonate-shikimate pathways and 
terpenes biosynthetized  by mevalonic acid pathway (Dewick 2002, Vizcaya et al. 2014). 

Regarding biological properties, many of Vismia species have been used in traditional medicine to 
treat ulcerations, fungus, herpes, as laxatives and to treat high fever (Vizcaya et al. 2014, Buitrago et al. 
2016). Furthermore, isolated compounds have demonstrated antimicrobial, antioxidant, antinoniceptive, 
leishmanicide, trypanomicide, cytotoxic, among other activities (Mbwambo et al. 2004, Salas et al. 2007a, 
Salas et al. 2007b, Tala et al. 2011). 

This chapter aims to summarize some taxonomic features, geographical distribution, chemical 
composition and biological activitites, reported within the last 20 years for different Vismia species, in 
order to give authentic information to readers that might be useful for further investigations.

Organic Biomolecular Research Group, Research Institute, Faculty of Pharmacy and Bioanalysis, University of Los Andes, 
Mérida 5101, Venezuela.

* Corresponding author: janner@ula.ve
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Significant botanical features 

Hypericaceae family 

Hypericaceae family belongs to order Malpigphiales and subclass Rosidae. It used to be included in to 
Clusiaceae family (Guttiferae family, sensu lato) but it was separated due to different phylogenetic and 
morphological features (Stevens 2007, Angiosperm Phylogeny Group 2009). This family comprises 
three tribes; Cratoxyleae, Hypericeae and Vismieae; with around 560 species distributed in nine genera: 
Cratoxylum Blume, Eliea Cambess, Harungana Lamarck, Hypericum Linneo, Lianthus N. Robson, 
Santomasia N. Robson, Thornea Breedlove & McClintock, Triadenum Rafinesque and Vismia Vand. 
(Stevens 2007, Angiosperm Phylogeny Group 2009, Crocketta et al. 2011). 

Regarding botanical features, this family occurs as annual or perennial herbs, shrubs, and seldom 
trees, holding single opposite or sessile whorled leaves, sometimes dotted with tiny black or translucent 
spots. Limb with sub-parallel or cross-linked venation, yellow transparent glands turning dark yellow at 
surface and borders. Bisexual actinomorph flowers, yellow, orange or red color perianth, frequently with 
the presence of red streaks, arranged in branched inflorescences, four to five sepals and four to five petals; 
being attached below the ovary. Stamens have long filaments and sometimes are fused together. Three to 
five styles are usually fused at the base. Fruits are present as green dehiscent capsules turning to brown at 
maturity where these open to release the seeds (Nürk et al. 2013).

Vismia genus

Vismia genus belongs to the Vismieae tribe, composed of aproximately 55 species that grow between 
temperate to tropical climates. It is represented by trees and shrubs around 1 to 15 m of heigh. A highlight 
feature of this genus is the orange latex that exudes when a cut occurs in any part of the plant. It possesses 
ferruginous induments of single to starry hairs, opposite leaves with diferent forms such as lanceolate, 
oblong-lanceolate and oblong-ovate. It exhibits terminal panicles, with pentamerous flowers of numerous 
stamens grouped in fascicules; fruits as capsules or berries with persistant chalice (Álvarez et al. 2009).

Geographical distribution of Vismia genus

Species of Vismia genus are distributed mainly at Neotropic zones, from South of Mexico, passing through 
Central America till they reach North of Brazil, in South America. However, six species have been reported 
for the tropical areas of Africa. This occurrence, has been explained by the Gondwana super continent 
that existed at the Permic period (Botta et al. 1986, Stevens, 2007, Angiosperm Phylogeny Group 2009, 
Crocketta et al. 2011, Ruhfel et al. 2011). Table 7.1, describes the geographical distribution, synonymous 
and common names of different Vismia species (Hokche et al. 2008, “Trópicos org.” 2015).

Secondary metabolites isolated from Vismia genus

Primary metabolism of plants involve different chemical processes such as photosynthesis, glycolysis, 
citric acid cycle, amino acid synthesis, among others, where carbohydrates, lipids and proteins take place 
to aid survival, growth and reproduction of plants, furthermore, Secondary Metabolites (SM) are designed 
as part of this process (Dewick 2002, Shilpa et al. 2010).

In this regard, SM are chemical compounds biosynthesized by plants that play important roles such 
as defense against herbivorous, pathogenic microorganisms, pollinators attraction and seed dispenser. 
However, humans have discovered that, such a variety of compounds may possess biological activities to 
treat a number of diseases (Goossens et al. 2003, Wink 2007).

There are three main biosynthetic pathways from where SM are designed; Shikimate that produces 
aromatic amino acids, phenylpropanoids, cinnamic acids, lignans, coumarins, flavonoids and stilbenes; 
mevalonate that generate terpenoids and steroids and acetate pathway that develops fatty acids and 
polyketides (Dewick 2002, Marcano and Hasegawa 2002). 
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Table 7.1 Worldwide geographical distribution of Vismia species (Hokche et al. 2008, “Trópicos org.” 2015).

Especie Synonymous Common name Country

Vismia acuminate
(Lam.) Pers

Hypericum acuminatum Lam -------- French Guyana 

Vismia amazonica 
Ewan

Vismia gracilis Hieron Pichirina Big leave Bolivia, Brazil, Colombia,
Guyana, Peru

Vismia angusta 
(Miq.)

Caopia cordata Rusby, Hypericum 
reticulatum Poir

Manchador, pichirina Bolivia, Brazil, Colombia, 
French Guyana, Peru, 
Surinam, Venezuela

Vismia angustifolia 
Rusby

Vismia falcata Rusby, Vismia 
la[iflora Reichardt

-------- Venezuela

Vismia baccifera (L.) 
Triana & Planch

Caopia baccifera (L.) Kuntze, 
Hypericum bacciferum L.,  
Vismia dealbata Kunth,  
Vismia mexicana Schltdl.,  
Vismia panamensis Duchass & Walp

Carate,
red carate, 
spearhead, 
achiotillo

Belice, Bolivia, Brazil, 
Colombia, Costa Rica, 
Ecuador, El Salvador, 
French Guyana, Guatemala, 
Honduras, Mexico, Panama, 
Peru, Surinam, Venezuela 

Vismia baccifera subsp. 
dealbata (Kunth) Ewan

Caopia dealbata (Kunth) Kuntze, 
9ismia confertiflora Spruce ex 
Reichardt, Vismia dealbata Kunth, 
Vismia hamanii S.F. Blake

Lancetillo, 
onotillo, 
spearhead

Brazil, Colombia, French 
Guyana, Surinam, Venezuela

Vismia baccifera subsp. 
ferruginea (Kunth) Ewan

Caopia ferruginea (Kunth) Kuntze, 
Vismia cuspidata Steud,  
Vismia ferruginea Kunth

Carate Colombia, Venezuela

Vismia baccifera subsp. 
subcuneata (Huber) Ewan

Vismia subcuneata Huber -------- Bolivia, Peru

Vismia bemerguii
M.E. Berg

-------- -------- Brazil, Bolivia

Vismia billbergiana 
Beurl

Caopia billbergiana (Beurl.) Kuntze, 
9ismia viridiflora Duchass. ex Triana 
& Planch

Sangrillo Belice, Colombia, Costa Rica, 
México, Nicaragua, Panama

Vismia boliviana 
Melch

-------- -------- Bolivia

Vismia brasiliensis 
Choisy

Caopia brasiliensis (Choisy) Kuntze, 
Vismia brasiliensis var. lasiantha 
Reich. in Martius,  Vismia laccifera 
Mart

Pau-de-lacre,
purga-de-vento

Brazil

Vismia buchtienii
Ewan

Vismia glaziovii Ruhland, 
Vismia gracilis Hieron

Sangrito, puntelanza, 
pichirina blanca, 
bloodwood  

Bolivia, Brazil, 
Peru, Venezuela

Vismia calvescens 
Gilg & Hieron

Vismia lauriformis (Lam.) Choisy Lacre, lacre minchuba Colombia

Vismia camparaguey 
Sprague & L. Riley

-------- -------- Belice, Guatemala, 
Honduras, Mexico

Vismia caparosa Kunth Vismia guianensis (Aubl.) Choisy -------- Venezuela

Vismia cavalcantii 
M.E. Berg

-------- -------- Suriname

Vismia cavanillesiana 
Cuatrec

-------- -------- Colombia, 
Ecuador

Vismia cayennensis 
(Jacq.) Pers

Caopia acuminata  (Lam.) Kuntze, 
Caopia cayennensis (Jacq.) Kuntze,  
Hypericum cayennense Jacq, Vismia 
floribunda Sprague 

Pichirina negra, 
Manchador, Lacre 
blanco, spearhead

Bolivia, Brazil, Colombia, 
Ecuador, French Guyana, 
Peru, Suriname, Trinidad and 
Tobago, Venezuela 

Table 7.1 contd.…
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Vismia cayennensis var. 
sessilifolia (Aubl.) 
M.E. Berg

Vismia sessilifolia 
(Aubl.) DC

-------- Guyana

Vismia cearensis Huber -------- -------- Brazil

9ismia confertiflora 
Spruce ex Reichardt

&aopia confertiflora (Spruce ex 
Reichardt) 

-------- Brazil, Colombia, 
Ecuador, Guyana

Vismia crassa (Rusby) 
S.F. Blake

Caopia crassa 
Rusby

-------- Bolivia

Vismia cuatrecasasii 
Ewan

-------- -------- Colombia

Vismia decipiens 
Schltdl. & Cham

Vismia pentagyna (Spreng.) Ewan -------- Bolivia, Brazil, 
Venezuela 

Vismia falcata 
Rusby

Vismia angustifolia 
Rusby

-------- Brazil, Trinidad,
Tobago, Venezuela

Vismia glabra 
Ruiz & Pav

Caopia glabra
(Ruiz & Pav.) Kuntze

-------- Bolivia, Brazil, Peru

Vismia glaziovii 
Ruhland

Vismia buchtienii 
Ewan

-------- Bolivia, 
Brazil

Vismia guaramirangae 
Huber

Vismia reichardtiana (Kuntze) Ewan Capianga, lacre Brazil

Vismia guianensis 
(Aubl.) Choisy

Caopia guianensis (Aubl.) A. Lyons, 
Hypericum acuminatum Lam., 
Hypericum guianense Aubl.

Uadama, punta de 
lanza lacre

Bolivia, Brazil, Colombia, 
French Guyana, Surinam, 
Venezuela

Vismia guianensis subsp. 
persicoides Ewan

-------- -------- Colombia

Vismia japurensis 
Reichardt

Caopia japurensis (Reichardt) 
Kuntze

Lacre, picharrinha, 
purga-de-vento

Brazil, Colombia, Guyana, 
Surinam, Venezuela

Vismia jefensis N. Robson -------- Rastrojero, sangrito Colombia, Panama

Vismia laevis 
Triana & Planch

Caopia laevis (Triana & Planch.) 
Kuntze

Carate, punta de lanza Colombia, Venezuela

Vismia latifolia 
Kunth

Vismia humboldtiana Schltdl. & 
Cham

-------- Venezuela 

Vismia latisepala 
N. Robson

-------- Sangrito,
achioto

Panama

Vismia macrophylla 
Kunth

Caopia macrophylla (Kunth) Kuntze, 
Vismia macrophylla var. glabrescens 
Hochr

Sangrillo, sapidalle, 
carachero,sapigale, 
lacre hojiancho, lanzo, 
fierro lanzo, lacre, 
manchador

Belice, Bolivia, Brazil, 
Colombia, Costa Rica, 
Ecuador, French Guyana, 
Guyana, Guatemala, 
Panama, Surinam

Vismia mandar Hieron Caopia mandurr Hieron -------- Colombia, Ecuador

Vismia martiana Reichardt Caopia martiana (Reichardt) Kuntze -------- Brazil

Vismia micrantha 
Mart. ex A. St.-Hil

Caopia micrantha (Mart. ex A.  
St.-Hil.) Kuntze

-------- Brazil

9ismia minutiflora 
Ewan

-------- -------- Bolivia, Brazil, Colombia, 
Ecuador, Peru

Vismia obtusa 
Spruce ex Reichardt

Caopia obtusa (Spruce ex Reichardt) 
Kuntze

-------- Brazil, Colombia, Ecuador, 
Peru

Vismia orientalis Engl -------- -------- Tanzania

Vismia ovalifolia Melch -------- -------- Peru

…Table 7.1 contd.

Especie Synonymous Common name Country

Table 7.1 contd.…
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In this regard, Vismia genus biosynthesizes a variety of SM, mainly through acetate and shikimate 
pathways, although, the mevalonate way is also used by this genus to produce terpene type components. 
The biosynthetic pathways used by plants for the production of their MS are described below, and some 
examples of isolated compounds from Vismia genus are also defined.

$cetate 0alonate pathway

Polyketides comprises a large class of natural products with diverse structures derived from poly-β-keto 
chains formed by coupling of two molecules of acetyl-CoA via Claisen reactions, giving acetoacetyl-CoA. 
These compounds are fatty acids, polyacetylenes, prostaglandins, macrolide, antibiotics and many aromatic 
compounds, such as anthraquinones and tetracyclines. The biosynthesis involves initial carboxylation of 
acetyl-CoA to malonyl-CoA, a reaction involving ATP, CO2 and biotin, a coenzyme acting as CO2 carrier 
(Dewick, 2002, Marcano and Hasegawa, 2002).

The conversion of acetyl-CoA into malonyl-CoA increases the acidity of Į-hydrogens, providing a 
better nucleophile for the Claisen condensation, thus, the carboxyl group introduced into malonyl-CoA is 
simultaneously lost by a decarboxylation reaction during the Claisen condensation. (Dewick 2002). Figure 7.1,  
illustrates part of the acetate malonate pathway from where many of anthraquinones, xanthones, anthrones 
and some other derivatives, found in Vismia species, are biosynthesized.

Vismia panamensis 
Duchass. & Walp

Caopia panamensis  
(Duchass. & Walp.) Kuntze

-------- Colombia, Ecuador, Panama

9ismia parviflora 
Schltdl. & Cham

&aopia parviflora (Schltdl. & Cham.) 
Kuntze

-------- Brazil

9ismia pauciflora 
Milne-Redh

-------- -------- Tanzania

Vismia plicatifolia
Hochr

Caopia parvifolia 
Rusby

-------- Bolivia

Vismia pozuzoensis 
Engl

Vismia glabra subsp. pozuzoensis 
(Engl.) Ewan

Pichirina Bolivia, Brazil, Ecuador, Peru

9ismia ramuliflora Miq Vismia sessilifolia (Aubl.) DC -------- French Guyana, Guyana, 
Surinam

Vismia rubescens Oliv -------- -------- Equatorial Guinea, Gabon

Vismia rusbyi Ewan -------- -------- Bolivia, Botswana, Peru

Vismia sandwithii Ewan -------- -------- Brazil, Ecuador, French 
Guyana, Guyana, Surinam

Vismia schultesii 
N. Robson

Vismia tomentosa Ruiz & Pav -------- Bolivia, Brazil, Colombia, 
Ecuador, Peru

Vismia sprucei 
Prague

-------- -------- Bolivia, Brazil, Colombia, 
Ecuador, Peru

Vismia steyermarkii 
N. Robson

-------- -------- --------

Vismia urceolata 
Ewan

-------- -------- Colombia

9ismia viridiflora 
Duchass.ex Triana & 
Planch

&aopia viridiflora (Duchass. ex 
Triana & Planch.) Kuntze

-------- Colombia, Panama

…Table 7.1 contd.

Especie Synonymous Common name Country
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Fig. 7.1 Acetate malonate pathway (Dewick 2002, Marcano and Hasegawa 2002).
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ShiNimate pathway

This pathway is considered one of the most important ways, used by plants, to produce a variety of 
compounds, such as aromatic amino acids, benzoic acids, cinnamic acids, lignans, lignins, phenylpropenes, 
coumarins, flavonoids and stilbenes. It begins with a coupling of phosphoenolpyruvate (PEP) and 
D-erythrose-4-phosphate to give 3-deoxy-D-arabino-heptulosonic acid 7-phosphate (DAHP). 

Elimination of phosphoric acid from DAHP followed by an intramolecular aldol reaction generates 
3-dehydroquinic acid. Dehydration and reduction of 3-dehydroquinic acid leads to shikimic acid. A 
further molecule of PEP combines with shikimic acid 3-phosphate giving 3-enolpyruvylshikimic acid 
3-phosphate (EPSP). 1,4-elimination of phosphoric acid leads to chorismic acid that is transformed into 
prephenic acid by the enzyme chorismate mutase. Decarboxylative aromatization of prephenic acid yields 
phenylpyruvic acid. Transamination of 4-hydroxyphenylpyruvic acid subsequently gives L-tyrosine and 
L-phenylalanine, precursors of a wide range of natural products (Dewick 2002). Figure 7.2, partially 
illustrates the shikimate pathway.

Vismia genus produces a majority of secondary metabolites through a combination of acetate and 
shikimate pathways exhibiting aromatic structures like anthrones, anthraquinones, xanthones, flavonoids, 
lignans, among others. Figures 7.3 to 7.19 show examples of isolated compounds from different Vismia 
species (Hussain et al. 2012, Vizcaya et al. 2012).

0evalonate pathway

Terpenoids are considered a large and diverse family of natural products derived from isoprene units 
(C5), mainly joined through the head to the tail. These are classified, according to the number of isoprene 
units incorporated, as hemiterpenes (C5), monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), 
sesterterpenes (C25), triterpenes (C30) and tetraterpenes (C40) (Dewick 2002, Marcano and Hasegawa 2002). 

The biosynthesis begins with formation of two reactive units, dimethylallyl diphosphate (DMAPP) 
and isopentenyl diphosphate (IPP), these are hemiterpene intermediates leading to more complex terpenoid 
structures. Combination of DMAPP and IPP yields geranyl diphosphate (GPP). The resulting compounds 
of this combination may be hydrocarbons, alcohols, aldehydes and esters. Addition of a further IPP unit 
to geranyl diphosphate leads to farnesyl diphosphate (FPP), a sesquiterpene precursor. Diterpenes arise 
from geranylgeranyl diphosphate (GGPP), which is formed by the addition of a further IPP molecule 
to farnesyl diphosphate in the same manner as described before. However, triterpenes are not formed by 
an extension of another IPP unit, instead, two molecules of farnesyl IPP are joined from tail to tail to 
yield the hydrocarbon squalene that is a precursor of triterpenes and steroids. Figure 7.20, illustrates the 
mevalonate pathway that produces the huge family of terpenoids and steroids (Dewick 2002, Marcano 
and Hasegawa 2002). 

Studies carried out on different Vismia species have reported a number of terpenes, especially 
triterpenes, although, some sesquiterpenes have also been identified (Hussain et al. 2012, Vizcaya et al. 
2012). Figures 7.21 to 7.23 show examples of sesquiterpenes and triterpenes isolated from several Vismia 
species.

Studies on different biological activities conducted on species of Vismia 
genus in the last twenty years 

Plant extracts are considered an important source of secondary metabolites and are the starting point to 
the new drugs discovery with possible therapeutic activities. In this regard, phytochemical specialized 
laboratories have established preliminary biological screenings that allow obtaining rapid results, at low 
costs, to acknowledge if the extract under investigation has the required activity (Rahman et al. 2001, 
Marcano and Hasegawa 2002).

Furthermore, biological screening allows knowing the effect of heterogeneous samples such as 
extracts as well as pure isolated compounds under specific and controlled experimental conditions. Such 
studies are carried out in vivo (experimental animals, bacteria, fungus, among others) and in vitro (isolated 
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Fig. 7.2 Shikimate Pathway (Dewick 2002, Marcano and Hasegawa 2002).
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Fig. 7.6 Anthrones isolated from different species of Vismia genus.

Fig. 7.7 Anthrones isolated from different species of Vismia genus.
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Fig. 7.8 Xanthones isolated from different species of Vismia genus.

Fig. 7.9 Xanthones isolated from different species of Vismia genus.
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Fig. 7.10 Xanthones isolated from different species of Vismia genus.

Fig. 7.11 Xanthones isolated from different species of Vismia genus.
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Fig. 7.12 Cadensins isolated from different species of Vismia genus.

Fig. 7.13 Benzophenones isolated from different species of Vismia genus.
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Fig. 7.14 Benzophenones isolated from different species of Vismia genus.

Fig. 7.15 Benzophenones isolated from different species of Vismia genus.
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Fig. 7.16 Prenylated anthranoids isolated from different species of Vismia genus.

Fig. 7.17 Prenylated anthranoids isolated from different species of Vismia genus.
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Fig. 7.18 Flavonoids and coumarins isolated from different species of Vismia genus.

Fig. 7.19 Lignans isolated from different species of Vismia genus.
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Fig. 7.20 Mevalonate pathway (Dewick 2002, Marcano and Hasegawa 2002).

Fig. 7.21 Sesquiterpenes isolated from several Vismia especies.
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Fig. 7.22 Triterpenes isolated from several Vismia especies.

Fig. 7.23 Triterpenes isolated from several Vismia especies.
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organs, cells, enzymes and receptors). Different parameters are evaluated, such as; growth inhibition, 
reproduction, morphological, physiological and histological changes (Rahman et al. 2001). Tables 7.2 
to 7.10 describe in detail a variety of biological studies, carried out in several species of Vismia genus, 
reported in the last 20 years.

&omparative analysis of secondary metabolites and biological activities 
studied on species of Vismia genus

The interest for the study of Vismia genus dates back approximately 25 years, when the researcher, Delle 
Monache along with his investigation group reported the first study on Vismia baccifera var. ferruginea. 
In this investigation, several metabolites were isolated, such as prenylated anthranoids like harunganin 
(78), ferruginin A (76) and B (75) (Delle Monache et al. 1979). The same research group reported five 
years later, on an anthraquinone derivative called Ȗ-hydroxyanthrone A3 (21), isolated and purified from 
Vismia guaramirangae (Delle Monache et al. 1983). 

To date, at least 161 secondary metabolites have been reported for different species of Vismia genus, 
exhibiting a variety of structures. It is important to state that the majority of compounds have been described 
for Vismia guineensis, V. guaramirangae and V. laurentii. Figure 7.24 shows the diversity of components 
isolated from different Vismia species, standing out of 42 anthraquinones (Hussain et al. 2012, Vizcaya et 
al. 2012), vismiaquinone A (1), B (2) and C (5) (Goncalves and Mors 1981, Miraglia et al. 1981, Nagem 
and Faria D’ Jesús 1990, Nagen and Faustino 1997, Hussein et al. 2003, Nguemeving et al. 2006, Salas et 
al. 2008, Vizcaya et al. 2012) being the most commonly isolated, as well as laurentiquinone A (3), B (4) 
and C (6) (Nguemeving et al. 2006, Noungoue et al. 2008).

Furthermore, a significant number of xanthones have also been isolated, such as 1,4,8-trihydroxyxanthone 
(27), euxanthone (28), 6-deoxyjacareubin (29), 1-hydroxy-3,6-dimethoxy-8-methyl-9h-xanthen-9-one 
(33), among others (Dos Santos et al. 2000, Nguemeving et al. 2006, Tamokou et al. 2009, Buitrago et 
al. 2010, Vizcaya et al. 2012). Compounds found in minor proportions like anthrones, bianthrones (Delle 
Monache et al. 1979, Gonzales et al. 1980, Delle Monache et al. 1983, Nagem and Faria D’Jesús 1990, 
Nagem and Alves 1995, Politi et al. 2004, Nguemeving et al. 2006, Hussain et al. 2012, Vizcaya et al. 
2012), prenylated anthranoids (Gonzales et al. 1980, Hussein et al. 2003, Mbwambo et al. 2004, Politi et 
al. 2004) and benzophenones (Delle Monache et al. 1980, Camelle et al. 1982, Delle Monache et al. 1983, 
Fuller et al. 1999, Seo et al. 2000, Chilpa and Huerta 2009), have also been isolated.

Terpenes are other types of components present in Vismia species but in low concentrations, such as 
triterpenes like, stigmasterol (105), lupeol (104), fridelin (110) and fridelane (113), the most commonly 
isolated (Gonzales et al. 1980, Miraglia et al. 1981, Camelle et al. 1982, Nagem and Faria D’ Jesús 1990, 
Nagen and Faustino 1997, Nguemeving et al. 2006, Kuete et al. 2007, Salas et al. 2008, Tamokou et al. 
2009, Vizcaya et al. 2012), similarly, sesquiterpenes such as humulene (98), Į-selinene (99), ȕ-selinene 
(100) and ȕ-caryophyllene (101) have been identified in essential oils studied from several Vismia species 
(Camelle et al. 1982, Botta et al. 1983, Buitrago et al. 2009, Rojas et al. 2011a, Rojas et al. 2011b, Vizcaya 
et al. 2014, Buitrago et al. 2015).

Other compounds isolated from this genus are flavonois; kaempherol (93), quercetin (92), orientin 
(87), lutonaretin (88); coumarins such as vismiaguianin (91) and B (89) reported for Vismia guiannensis 
(Camelle et al. 1982, Botta et al. 1983, Nagem and Alves 1995, Nagen and Faustino 1997, Seo et al. 2000, 
Politi et al. 2004, Nguemeving et al. 2006, Kuete et al. 2007) and lignans like sesamin (95) commonly 
found in different Vismia species (Salas et al. 2008, Vizcaya et al. 2012). 

There are around 31 investigations published in different areas regarding biological activities, with 
antimicrobial and antioxidant being the most commonly reported mainly for Vismia guianensis, V. laurentii 
and V. baccifera var. dealbata. Figures 7.25 and 7.26, displays biological activities carried out during the 
last 20 years in extracts, essential oils and pure isolated compounds obtained from different Vismia species. 

Concerning antimicrobial activity, an anthraquinone named fiscion isolated from Vismia rubescens 
showed activity against Staphylococcus aureus, Pseudomonas aeruginosa, Candida parapsilosis and 
Cryptococcus neoformans with MIC values of 7 µg/mL (Tamokou et al. 2009). Similarly, compounds like 
1,8-dihydroxy-6-methoxy-3-methylanthraquinone (7) and 6-deoxyisojacareubin (29) isolated from Vismia 
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Table 7.3 Antimicrobial activity reported for isolated compounds from Vismia species.

Botanical name Part of the 
plant

Location Compounds Activity References

Vismia laurentii Leaves Camerun laurentixanthone C (43)
vismiaquinone A (2)
bisvismiaquinone (24) 
dammaradienol (107)

43: C. fusca 
MIC: 5 mg/mL
B. megaterium 
MIC: 1 mg/mL.

Tala et al. 
2007

Vismia laurentii Seeds Camerun laurenquinone A (3) laurenquinone 
B (4) 
xanthone V1 (46)
physcion (8)
3-geranyloxyemodin anthrone (22), 
friedelin (110)

3, 8, 22 
C. fusca 
MIC: 1 mg/mL
46: B. megaterium 
MIC: 1 mg/mL

Wabo et al. 
2007

Vismia baccifera 
subsp. dealbata 

Aerial parts Venezuela sesamin (95)
friedelin (110)
vismiaquinone A (2)

E. faecalis 
95 (2 mg/mL)
110 (4 mg/mL)
2 (4 mg/mL)
P. aeruginosa 
95 (4 mg/mL)
110 (5 mg/mL)

Salas et al. 
2007a

Table 7.4 Antiinflammatory and antinoniceptive activities reported for extracts obtained from Vismia species.

Botanical  name Part of the  
plant

Location Extracts Activity References

Vismia 
guianensis

Leaves Brazil Hexane 
Extract

Concentrations of 100, 200 and 400 
mg/Kg decreased 8 times the induced 
abdominal contortions (IAC) by 
intraperitoneal injection of acetic acid in 
mice in comparison to reference solution,  
Indomethacin� (15 mg/kg)

Ferreira et al. 
2015

Biphasic analgesic activity model 
(noniceptive and inflammatory). 
Concentrations of 100, 200 and 400 mg/
kg, significantly diminished both phases 
of pain when compared to the control 
group

Vismia baccifera
 subsp. dealbata

Leaves Venezuela Aqueous 
Extract

Acute toxicity (AT) was measured 
through the raised paw sign in mice. 
Extract and control solution were 
administrated by intraperitoneal injection. 
Concentration of 420 mg/Kg lacked 
of any lethal or abnormal behavior on 
experimental animals

Salas et al. 
2007b

Pain was induced by applying thermal 
stimuli at mice tails.  Analgesic activity 
was observed after 30 minutes of extract 
administration, at concentration of 210 
mg/kg and it was comparable to the 
control, acetylsalicylic acid

laurentii, caused growth inhibition of Bacillus subtilis and Bacillus stearothermophilus at concentration 
of 1.22 µg/mL (Kuete et al. 2007). 

Essential oils obtained from several Vismia species like Vismia macrophylla, V. baccifera var. dealbata 
and V. guianensis, composed mainly by a mixture of volatile type components such as monoterpenes and 
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sesquiterpenes, showed a wide range of activity against several bacteria strains such as Staphylococcus 
aureus at MIC values between 10 to 100 µL/mL (Silvestre et al. 2012, Buitrago et al. 2015); Escherichia 

Table 7.5 Cardiotonic activity reported for extracts obtained from Vismia species.

Botanical name Part of the 
Plant

Location Extracts Activity References

Vismia 
reichardtiana 

Leaves Brazil Ethanolic
Extract

Hypotensive effect on adult mice 
(blood pressure 93.1 ± 3.8 mmHg) 
Intravenous administration of extract at 
concentrations between 0.5 to 30 mg/Kg

Gomes et al. 2009

Reference drug:
Acetylcholine (Ach)
Noradrenaline (Nor) 
0.5 μg/kg
Atropine (Atr) 
1 mg/kg 

Extract showed hypotensive effect  
(13.8 ± 3.7 mmHg), 
at concentration of 
20 mg/kg, compared to Nor 
(13.2 ± 3.3 mmHg)

Table 7.6 Antioxidant activity reported for extracts and isolated compounds obtained from Vismia species.

Botanical  name Part 
of the  
plant

Location Extracts/compounds Activity References

Vismia  baccifera Leaves Venezuela Methanol extracts
VB (V. baccifera)
VM (V. macrophylla)

DPPH:
VB (IC50: 5.50 µg mL–1)
Folin-Ciocalteu:
VB 306.21 mg Eq AG/g Ext
Flavonoids content
VB 267.07 mg Eq Que/g Ext

Buitrago et al. 
2016

Vismia  
macrophylla

DPPH:
VM (IC50: 5.87 µg mL–1)
Folin-Ciocalteu:
VM 391.28 mg Eq AG/g Ext
Flavonoids content
VM 185.90 mg Eq Que/g Ext

Vismia  
guianensis

Fruits Brazil Essential Oil Antioxidant activity by 
emulsion discoloration of 
β-carotene (yellow color).
Reference: Trolox (Trx). 
At concentration of 100 µL, 
the essential oil showed 70% 
of inhibition comparing to Trx   
(60%)

Silvestre et al. 
2012

Vismia  
rubescens

Stems Cameroon friedelin (110)
friedelanol (112)
lupeol (104)
1,7-dihydroxyxanthone (4)
1,4,8-trihydroxyxanthone 
(27)
1,2,8-trihydroxyxanthone 
(32) 
physcion (8)

Extract
IC50: 2.18 µg mL–1 
Compounds:
27 (IC50: 1.96 µg mL–1) 
32 (IC50: 1.73 µg mL–1) 
Reference drug 
Ascorbic acid 
(IC50: 1.86 μg/mL) 

Tala et al. 2011
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Table 7.7 Antioxidant activity reported for extracts and isolated compounds obtained from Vismia species.

Botanical name Part of the 
plant

Location Extracts/compounds Activity References

Vismia baccifera subsp. 
ferruginea

Fruits Colombia Petroleum ether 
Ethyl acetate
Methanol

Total Phenols: Petroleum 
ether
78.33 mg AG/g Ext
Ethyl acetate 
350.56 mg AG/g Ext
Methanol 
177.22 mg AG/g Ext
DPPH: IC50: 4.46 µg mL–1 
ABTS: IC50: 4.16 µg mL–1

Álvarez et al. 
2009

Vismia guianensis Total Phenols: Ethyl 
acetate
356.67 mg AG/g Ext
Methanol
186.67 mg AG/g Ext
Petroleum ether
205 mg AG/g Ext
DPPH: IC50: 3.72 µg mL–1 
ABTS: IC50: 5.86 µg mL–1

Vismia laurentii  Seeds Cameroon laurenquinone A (3) 
laurenquinone B (4) 
xanthone V1 (46) 
laurentixanthone C (43) 
bivismiaquinone (24) 
vismiaquinone A (2) 
vismiaquinone B (1)

Extract:
(IC50: 2.57 µg mL–1)
Compounds
3 (IC50: 4.78 µg mL–1)
46 (IC50: 2.09 µg mL–1)
1 (IC50: 2.09 µg mL–1) 

Tala et al. 2011 

Table 7.8 Parasiticide activity reported for extracts and isolated compounds obtained from Vismia species.

Botanical  name Part of 
the  plant

Location Extracts/compounds Activity References

Vismia  laurentii Bark Camerun Hexane extract (HE)
Ethyl acetate extract (EAE)
Compounds:
Tirucalla-7,2,4-dien-3-one 
(108), 3-geranyloxyemodin 
(22), vismiaquinone A 
(2), vismiaquinone B (1), 
bivismiaquinone (24), 
epyfriedelinol (112), 
betulinic acid (111) 
stigmasta-7,22-dien-3-ol (106)

Activity against 
Plasmodium falciparum 
Reference drug  
Chloroquine phosphate 
1 µM
HE: IC50 4.6 μg/mL
EAE: IC50 4.6 μg/mL
108: IC50 1.18 μg/mL
2: IC50 1.42 μg/mL

Noungoue 
et al. 2009

Vismia baccifera  
subsp. ferruginea 

Leaves Colombia Ethanol 
Extract

In vitro activity against  
promastigotes and 
amastigotes of T. cruzi, 
L. amazonensis, 
L. donovani and  
L. brazilensis 
IC50: 42.9 to 71.7 mg/mL

Gallego et 
al. 2006

coli (MIC: 740 μL/mL) and Enterococcus faecalis (MIC: 500 μL/mL), as well as yeasts like Candida 
albicans (MIC: 600 μL/mL), C. krusei (MIC: 600 μL/mL) and C. glabrata (MIC: 200 μg/mL).

On the other hand, the search for natural sources with antioxidant activity has caught the attention 
of scientists since oxidative stress in cells might promote several pathologies such as cancer, diabetes 
mellitus, hepatic ailments, inflammation, premature aging, among others (Sarabjot and Poonam 2014). 
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Table 7.9 Anti-VIH activity reported for extracts and isolated compounds from Vismia species.

Botanical 
name

Part of the 
plant

Location Extracts/
compounds

Activity References

Vismia 
mexicana 

Leaves Mexico Dichloromethane/
Methanol (1:1)

VIH Reverse transcriptase
Positive control: Nevirapina® 
Enzyme inhibition
Vm IC50 36.17 µg mL–1

Gómez-Cansino 
et al. 2015

Vismia 
baccifera

Vb IC50 31.75 µg mL–1 

Vismia 
mexicana

Leaves Mexico Dichloromethane/
Metanol (1:1)

VIH Reverse transcriptase 
Inhibition of viral replication 
At concentration of 50 µg/mL 
Vm: IC50 72.9% 

Huerta-Reyes et 
al. 2004

Vismia 
camparaguey

Vc, IC50 70.8%

Table 7.10 Anticancer activitity reported for extracts and isolated compounds from Vismia species.

Botanical 
name

Part of 
the plant

Location Extracts/compounds Activity References

Vismia 
baccifera 

Leaves Colombia Aqueous Extract Anticancer activity on
human hepatocellular 
carcinoma
HepG2, 
PLC/PRF/5
SK-HEP-1
Vb (19 µg/mL) showed 
selective growth inhibition of 
HepG2

Lizcano et 
al. 2015

Vismia baccifera 
subsp. dealbata 

Leaves Venezuela Sesamin (95) Anticancer activity on
SK-OV-3 
PC3 
NCI-H292 
At concentration of 
IC50: 1000 mg/mL, sesamin 
showed growth inhibition of   
NCI-H292

Salas et al. 
2008

Vismia baccifera Leaves Venezuela Different polarity fractions 
obtained from methanolic 
extracts:
Hexane (Hex)
Dichloromethane (DCl)
Ethyl Acetate (EthAc)
Buthanol (But)
Water (Wt)
Ethyl Acetate/Buthanol 
(EthAc/But)

Cytotoxic activity (IC50)
Vb: 
PC3: 2.92 µg/mL DCl
HeLa: 28.81 µg/mL Hex
Vm:
MCF-7: 36.25 µg/mL Wt
SKBr3: 12.14 µg/mL Wt
PC3: 10.91 µg/mL Wt
HeLa: 6.09 µg/mL Hex

Rojas  et al. 
2017

Vismia 
macrophylla

Plant extracts have revealed to be a major source of chemical compounds with high antioxidant activity 
and several assays; Folin-Ciocalteu, DPPHƔ and ABTS·+, among others, have been carried out in extracts 
of Vismia rubescens, V. laurentii, V. baccifera ssp. ferruginea and V. guianensis and showed free radical 
scavenger activity at concentrations between 4.46 to 2.18 µg/mL (Álvarez et al. 2009, Tala et al. 2011, 
Silvestre et al. 2012). 

Antioxidant activity has also been demonstrated in methanolic extracts of Vismia baccifera and  
V. macrophylla, at IC50 values of 5.87 and 5.35 µg/mL, respectively (Buitrago et al. 2016). Isolated 
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compounds; 1,4,8-trihydroxyxanthone (27) and 1,2,8-trihydroxyxanthone (32), from Vismia rubescens, 
also showed free radical scavenger at IC50 of 1.96 µg/mL and 1.73 µg/mL, respectively (Tala et al. 2011). 

Cardiotonic, hypotensive, noniceptive, analgesic and anti-VIH activitites has also been published for 
Vismia genus. Regarding cardiotonic and hypontesive activitites, intravenous administration of Vismia 
reichardtiana leaves extract at concentrations between 0.5 to 30 mg/Kg caused hypotensive effect on adult 
mice comparable to the reference drugs noradrenaline® and acetylcholine® (Gomes et al. 2009). Analgesic 
activity of hexanic extract of Vismia guianensis leaves was assayed in vivo in experimental animals; results 
showed a decrease in pain threshold after oral administration of such extract at concentrations between 

Fig. 7.24 Secondary metabolites isolated from different Vismia species

Fig. 7.25 Biological activity assays reported for Vismia species in the last 20 years.
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100 to 400 mg/kg of animal weight (Ferreira et al. 2015). V. mexicana and V. baccifera were studied for 
VIH reverse transcriptase activity, revealing inhibition of viral replication at concentration of 35 µg/mL 
(Gómez-Cansino et al. 2015). 

&onclusions

According to investigations published for Vismia genus, it might represent a source of natural compounds 
with a wide range of biological activities. Nowdays, there is a huge interest for the search of new active 
molecules that might be used to develop pharmaceutical forms for the treatment of diverse pathologies. 
However, it is very important to bear in mind that natural products come from plants and excessive, 
disproportionate use of these may cause the extinction of vulnerable species, thus, it is necessary to promote 
the protection and conservation of natural resources focused in sustainable conditions.
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Introduction 

Turmeric is a medicinal plant, which is also known as “golden spice” and “spice of life”. It has been utilized 
as a medicinal plant and treated as sacred from the ancient Vedic period. The spice turmeric is derived 
from rhizome of Curcuma longa, which is a perennial herb, belonging to the Zingiber family (Fig. 8.1). 
It is originated in India and is cultivated in tropical and subtropical regions of the whole world (Kojima 
et al. 1998). Curcumin is the natural, most active polyphenolic compound present in turmeric. Curcumin 
is the most studied compound of turmeric because of its therapeutic properties. Curcumin is crystalline, 
orange-yellow and the color of turmeric is mainly due to the presence of curcumin in Curcuma longa. The 
rhizome of turmeric is documented as “herb of the sun” by the people of the Vedic period. Turmeric was 
used as medicine from at least 6000 years ago. It is most extensively cultivated in India, Bangladesh, China 
followed by Malaysia, Thailand (Kojima et al. 1998, Shishodia et al. 2005). The use of turmeric, known as 
³+aridra´ Zas first time stated in µArthaYaYeda¶ and turmeric has been considered as an effectiYe druJ for 
skin diseases, graying of hair, etc. Even in Tibetan medicine the term “Haridra” means turmeric (Nadkarni 
�����. Turmeric is one of the important spice Zhich add ÀaYors and color to food. ,n the middle�east, ,ran 
is a maMor importer of turmeric. The )ood and AJriculture 2rJani]ation �)A2� of 8nited 1ations proMected 
that approximately 5000 tons of turmeric is imported annually to Iran. The consumption of curcumin is 
increasinJ in ,ran �1adkarni ����, AsJharil et al. �����.

By using ethanol and acetone, curcumin can be isolated from turmeric and the chemical analysis of 
curcumin comprised of carbohydrates (69.4%), moisture (13.1%), protein (6.3%), fat (5.1%), and minerals 
(3.5%). The bioactive components of turmeric is divided into two types: volatile compounds and non-

1 'epartment of %iotechnoloJy, 6*% AmraYati 8niYersity, AmraYati�������, Maharashtra, ,ndia.
2 Deputy Inspector General (Research and Training), Ministry of Environment, Forest and Climate Change, Government of 

India.
* Corresponding author: mahendrarai@sgbau.ac.in; pmkrai@hotmail.com
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volatile compounds. Monoterpenoids and sesquiterpenoids, such as germacrone, elemene, furanodiene, 
furanodienone, curcumol, curdione, curcumenol, curzerene, camphor, germacrene B, germa- crene D, 
isocurcumenol, Į�phellandrene, sabinene, cineol, borneol, ]inJiberene, and sesTuiterpenes and neocurdione 
are different volatile components of Curcuma longa �AsJhari et al. ����, Lu et al. �����. (ssential oil 
from Curcuma longa is responsible for its potential biological activities. Curcumin, demethoxycurcumin, 
and bisdemethoxycurcumin, are the major non-volatile compounds of Curcuma longa. The concentration 
of volatile compounds is more as compared with non-volatile compounds (Fujisawa et al. 2004). It was 
reported that essential oil composition, biomass production and curcuminoid composition all are affected 
by the cultiYation conditions such as JroZth media, climatic conditions and nutrient aYailability �AsJhari  
et al. 2009).

History 

9oJel and 3elletier about ��� years aJo, defined curcumin as ³substance that JiYes the yelloZ color´. 
The chemical structure was determined by Roughley and Whiting in 1973. The melting point of 
curcumin is 176–177°C. In the mid 1900s, curcumin was known as an active component, which exhibited 
antimicrobial activity against Staphylococcus aureus, Salmonella paratyphi, Mycobacterium tuberculosis, 
and Trichophyton gypseum, etc. In the last 50 years, it was found that curcumin has the potential effect 
on Yarious diseases such as diabetes, allerJies, arthritis, Al]heimer¶s disease, diabetic Zounds, hepatic 
disorders, rheumatism and sinusitis, cough and biliary disorders (Nanjwade et al. 2015). Curcumin can 
also be used in disorders related to abdominal pain, etc. Ethnologically curcumin occupies a major role in 
India and it has important position in Indian food. Even in religious ceremonies, the use of turmeric has 
importance (Shrishail et al. 2013).

)rom more than ���� years, turmeric is knoZn for its medicinal treatment in Asian countries. ,t is 
stated in µAyurYeda¶ and traditional &hinese medicine that curcumin has many adYantaJes in the preYention 
and treatment of many diseases. In old Hindu texts, curcumin is ascribed for its aromatic, carminative, 
stimulant properties. When turmeric is mixed with slaked lime, it is used in the treatment of sprains and 
swellings caused by injury. Curcumin has many household applications as it can be applied on the locally 
affected area of wound infection and other chronic illness (Hermann and Wahl 1991).

,n AyurYeda, turmeric is knoZn for its Zide ranJe of applications. &urcumin can be used to treat 
Àatulence, dyspepsia, liYer disorders �Maundice in particular�, eye and ear infections, small�po[, chicken po[, 
common cold, ulcers and inÀammation, intermittent feYers, ec]ema, sprain, bruises, Zounds, inÀammatory 
troubles of joints, small pox, chicken pox, catarrhal and purulent ophthalmic, conjunctivitis, ring worm, 
etc. (Hermann et al. 1991, Rai et al. 2015). Curcumin is known to have a cholesterol-lowering capacity, 
antidiabetic, anti�inÀammatory, and antio[idant properties and to haYe an anticancer actiYity. )rom the 

Fig. 8.1 Turmeric plant.
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clinical trials with humans, it was determined that curcumin was safe and effective. The Food and Drug 
Administration �)'A� acknoZledJed curcumin as a compound ³Jenerally recoJni]ed as safe´ �3ulido�
Moran et al. 2016).

Derivatives of curcumin

Curcumin is also known as diferuloylmethane and its chemical formula is C21H2026. Chemical denotation 
of curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione]. Curcumin is not soluble in 
water at acidic or neutral pH. However, it is soluble in organic solvent such as acetone, methanol, and ethanol. 
It is revealed that curcumin is highly sensitive to light and, therefore, it is suggested that biological samples 
containing curcumin are to be protected from light (Pulido-Moran et al. 2016). Curcuminoid complexes 
are present in the rhizome of turmeric and it comprises of curcumin (Curcumin I), demethoxycurcumin 
(Curcumin II) and bisdemethoxycurcumin (Curcumin III). Demethoxycurcumin and bismethoxycurcumin 
are the derivatives of curcumin in the rhizome of Curcuma longa, alonJ Zith curcumin¶s tZo deriYatiYes 
present in the rhizome of Curcuma longa. The commercially available curcumin contains Curcumin I 
�����, &urcumin ,, ����� and &urcumin ,,, ����, etc. �Lee et al. �����. The physicochemical properties 
of curcumin and its derivatives are given in the Table 8.1. 

Bioactivities of curcumin 

Curcuma longa has been attributed to numerous bioactivities including antimicrobial, anticancerous, 
antio[idant, anti�inÀammatory, etc. 'urinJ the span of �� years, more than ���� studies haYe been 
reported on Yarious bioactiYities of curcumin and its e[istinJ benefits in medicine for treatment of allerJy, 
cardioYascular diseases, lunJ fibrosis, neurodeJeneratiYe diseases, inÀammatory boZel diseases, arthritis, 
etc. �AJJarZal and +arikumar ����, &handran and *oel �����. 6ome of the bioactiYities of curcumin 
are illustrated below.

$nti�inÀammatory activity

Curcuma longa has been attributed to numerous bioactivities including antimicrobial, anticancerous, 
antio[idant, anti�inÀammatory, psoriasis, etc. Traditionally, Curcuma longa has been used in anti-
inÀammatory treatment in AyurYedic medicine �*oel et al. �����. The anti�inÀammatory effect of curcumin 
was very well reported in clinical as well as experimental studies (Menon and Sudheer 2007, Ferreira et 
al. ����, =hanJ et al. ����, Ma et al. �����. The anti�inÀammatory effect of curcumin is mediated throuJh 
en]ymes Zhich has the ability to inhibit cycloo[yJenase�� �&2;���, 1itric 2[ide 6ynthase �126� and 
lipo[yJenase �L2;�. These en]ymes are important for inÀammatory processes �Menon and 6udheer ����, 
AJJarZal and +arikumar ����, %asnet and 6kalko�%asnet �����. &hainani�:u ������ reported the study 
of anti�inÀammatory actiYity of curcuminoid Zhich is the main constituent of curcumin on humans. The 
study reYealed that curcumin e[erts effectiYe anti�inÀammatory actiYity by inhibitinJ different molecules 
which includes lipoxygenase, tumor necrotic factor, interleukin-12, phospholipase, collagenase and 
interferon inducinJ proteins. 5ecently, 8llah et al. ������ reported curcumin as a therapeutic option to limit 
neuroinÀammation in neurodeJeneratiYe disorders. 3harmacokinetic studies of curcumin haYe proYided the 
information about the bioavailability of curcumin in targeted tissues which implicate potential therapeutic 
effect on neuroinÀammation. 

MicroJlia mediated neuroinÀammation is an important aJent in brain hemorrhaJe to inÀammatory 
inMury. The study carried out by <anJ et al. ������ shoZed that curcumin inhibits the inÀammatory cytokinine 
production in brain hemorrhage induced BV2 microglial cells. Similar studies were also reported by 
&henJ et al. ������, Zhich shoZed that curcumin inhibits L36 induced neuroinÀammation and cytokine 
production in BV2 cell line. The study revealed that pretreatment BV2 microglia cells with curcumin 
resulted in microJlial inÀammation reduction and decrease in cytokine production in a dose dependent 
manner. &urcumin analoJues namely diarylpentadienone haYe anti�inÀammatory actiYity aJainst L36 
induced interleukin released in 5A:���.� cell �:anJ et al. �����. ,t Zas found that curcumin analoJues 
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inhibit interleukin�� and tumor necrosis factor alpha �T1)�Į� Zhich shoZed the hiJhest inÀammatory 
actiYity. The study also indicates that anti�inÀammatory actiYity of curcumin may be due to 1)�k% 
siJnalinJ pathZay inhibition. )urthermore, the anti�inÀammatory effect of curcumin Zas also reported 
to haYe siJnificant actiYity aJainst Helicobacter pylori infection in mucosal disease (Santos et al. 2015). 
&urcumin Zas found to play an important role in respiratory diseases caused by inÀammation �.urup 
and Barrios 2008). Studies on acute allergic asthma in mice showed that curcumin can act as an anti-
inÀammatory aJent by doZn reJulatinJ 1otch��*ATA� siJnalinJ pathZay �&honJ et al. �����. &urcumin 
was also reported as a scavenger of nitric oxide and decreased nitic oxide synthase activity, which could 
preYent bronchial inÀammation in asthmatic patients �1ilani et al. �����. 'ue to all its anti�inÀammatory 
properties, curcumin is able to treat various chronic diseases, autoimmune, cardiovascular, endocrine and 
neurodegenerative diseases. 

Wound healing activity

Curcumin is very well known for its wound healing potential because of its antioxidant, anti-infectious 
and anti�inÀammatory properties �MenJ et al. ����, Mun et al. ����, Akbik et al. �����. The important 
role of any Zound healinJ aJent is to protect the Zound tissue from infection, reduce inÀammation and 
induce reconstruction of damaged tissues (Kulac et al. 2013). Curcumin has also been found to boost the 
process of Zound healinJ Yia tissue remodelinJ, formation and collaJen deposition �Akbik et al. �����. ,t 
was also observed that application of curcumin on wounds also accelerate epithelial tissue regeneration, 
fibroblast proliferation and Yascular density �ThanJapa]ham et al. �����. -aJetia and 5aManikant ������ 
reported that curcumin enhances the nitric oxide production, which promotes wound healing in mice. 
Emiroglu et al. (2017) reported the effect of curcumin on healing of nasal mucosal wounds in mice. The 
study shoZed that curcumin reduces the inÀammatory response and accelerates Zound healinJ in mice.

Various clinical research conducted by different groups revealed that curcumin accelerates the wound 
healinJ process by decreasinJ our body¶s natural reaction such as inÀammation toZards the Zound �*upta 
et al. 2013, He et al. 2015). Curcumin is also reported to improve wound healing due to its free radical 
scavenging activity. It was also reported that antioxidant property of curcumin is due to its hydroxyl and 
metho[y Jroups �5ahman and %isZas �����. The introduction of curcumin for tarJetinJ 5eactiYe 2[yJen 
6pecies �526� to the Zound site could be a Yital approach to eliminate 526 and improYe healinJ at the 
wounded area (Mohanty and Sahoo 2017). Many studies showed that curcumin exerts different roles 
on different Zound healinJ staJes. At the inÀammation phase, curcumin Zas notably reported to inhibit 
the actiYity of 1) transcription factor, also inhibitinJ the production of T1)�Į, ,L�� cytokines Zhich 
reduce the inÀammation at the Zounded site �Akbik et al. �����. -oe et al. ������ e[plained numerous 
mechanisms by which curcumin exerts wound healing activity via various processes. Most importantly, 
curcumin Zas reported to modulate inÀammation in the Zounded site by inhibitinJ the production of T1) 
and interleukins Zhich plays an important role in inÀammatory response reJulation. &urcumin Zas also 
eTually important to inhibit actiYity of nuclear factor kappa�liJht�enhancer of actiYated % cells �1)��ɤ� 
%�. 1)��ɤ� % is a transcription factor that reJulates many Jenes Zhich are implicated in the inÀammatory 
response. &urcumin affects a Yariety of pathZays implicated in actiYation of 1)��ɤ� % �-oe et al. �����. 
&urcumin Zas also reported to shoZ enhanced fibroblast miJration, tissue formation and collaJen deposition 
at the Zounded site �%lakytny and -ude ����, LouJhlin and Artlett ����, Mohanty et al. �����. 6imilarly, 
curcumin has the ability to improYe Zound contraction by increasinJ the production of T*)�ȕ Zhich 
ultimately increases fibroblast proliferation �Akbik et al. �����. This property of curcumin reduces the 
time needed for wound healing. 

Anticancerous activity

Curcumin also possesses anticancer properties due to its ability to inhibit cell proliferation and promotes 
apoptosis. Curcumin exerts its bioactivity at different stages of carcinogenesis which includes, prevention 
of cancer related inÀammation, inhibit oncoJene actiYation and cell proliferation, induces apoptosis and 
preYents metastasis �3onJrakhananon and 5oManasakul �����. The inÀuence of curcumin on cancer cells is 
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illustrated in Fig. 8.2. The anticancerous effect of curcumin depends on the concentration, time of treatment, 
dose and cell type. At loZer concentration, curcumin Zere reported to cause cell cycle arrest Zhile, at hiJher 
concentration it induces apoptosis (Kastan and Bartek 2004, Pongrakhananon and Rojanasakul 2011). 

Curcumin has induced apoptosis in a number cell lines including melanoma, leukemia, cancerous 
cell line of breast, colon, lungs, ovaries and the kidneys which leads to cancer cell death via mitochondrial 
death pathZay �.arunaJaran et al. �����. <anJ et al. ������ demonstrated that curcumin siJnificantly 
reduces the levels of CDK4 and cyclin D1, which are cell cycle regulators and suppressed the expression 
of p�� in the mouse colon. The study also reYealed that curcumin blocks 6TAT� siJnalinJ by proYokinJ 
the anti�inÀammatory effect. &urcumin Zas also reported to induce stress in endoplasmic reticulum and 
cause apoptosis in tumor cells (Vallianou et al. 2015). Curcumin was also effectively used for treatment 
of melanoma. The study carried out by -ianJ et al. ������ suJJested that curcumin alters the e[pression 
leYels of p��, p��, 1)��ɤ�% Zhich is associated Zith apoptosis and also inhibits proliferation of melanoma 
cells in human. &urcumin Zas also reported to siJnificantly inhibit the Jastric tumor cell JroZth Yia 526 
Jeneration, Zhich results in depletion of mt'1A, ultimately disrupts the cellular bioenerJetics �:anJ et 
al. 2017).

Apart from the apoptosis inducinJ effect, curcumin also possesses chemopreYentiYe ability to 
stabilize cancer cells for chemotherapy induced cell death. Generally, the problem associated with 
cancer chemotherapy is the cytotoxicity to normal cells and acquiring of apoptosis resistance of cancer 
cells. For this, the combinational therapy approach is preferred to reduce the cytotoxicity using optimal 
dose regimens. Curcumin is one of the agents which has been used for its effect in combination therapy. 
-aYYadi et al. ������ reported curcumin as a chemopreYentiYe aJent and potent radiostabili]er of human 
cerYical carcinoma cells. The study shoZed that pretreatment of curcumin to +eLa and 6i+a, a cerYical 
carcinoma cell lines before radiation therapy results in effective dose dependent radio stabilization of 
cervical carcinoma cells. Quian et al. (2015) reported that curcumin enhances radio sensitivity of glioma 
8�� human cells by upreJulatinJ the '863�� e[pression and decreases the phosphorylation of (5. and 
-1.. The study also reYealed that curcumin inhibits 8�� Jlioma human cell proliferation in a time and 
dose dependent manner. Curcumin was reported as a potential anticancer agent. It is also gaining huge 
acceptance due to its various bioactivities. 

Fig. 8.2 The inÀuence of curcumin on cancer cell. 

Curcuma longa cures dermatological diseases 

The varied biological properties and lack of toxicity even at higher doses of curcumin is one of the most 
important content of Curcuma longa, which makes it attractive to explore its use in various disorders 
including dermatological diseases. Dermatological diseases are diseases of skin which affect many people. 
6kin is the first line of defense and is Yulnerable to Yarious adYerse conditions like burns, inMuries, infections 
and disorders like acne, hyper or hypo pigmentation, dermatitis, psoriasis and cancer (Thangapazham et 
al. 2007). 



142 Ethnobotany: Application of Medicinal Plants

Acne

Acne is a chronic inÀammatory disease of hair follicles �pilosebaceous unit� resultinJ from androJen�
induced increased sebum production, altered keratinisation, inÀammation, and bacterial infections on the 
face, neck, chest and back by Propionibacterium acnes. In addition to P. acnes, as the main causative 
microorganism, Pityrosporum ovale and Staphylococcus epidermidis are also present in acne lesions 
�.anlayaYattanakul and Lourith ����, :illiums et al. �����. AccordinJ to a study led by Lalla et al. ������ 
use of oral as well as topical preparations of Curcuma longa shoZed better efficacy than takinJ internal 
preparations alone to treat acne. Curcuma longa along with two more herbs viz. Azadirachta indica and 
Hemidesmus incidus Zhen used in acne treatment, led to inÀammation beinJ siJnificantly reduced and 
suppressed the reactive oxygen species produced by P. acnes �-ain and %asal �����.

Atopic dermatitis

Atopic dermatitis �ec]ema� is a medical condition characteri]ed by inÀammation, e[treme dryness, itchinJ, 
redness, scaly patches and irritation of the skin. It is found in people who have a tendency to develop 
allergic reactions to certain external compounds. It is commonly found in association with allergic rhinitis, 
asthma or other symptoms of atopy. The inÀammatory symptoms in different orJans are obserYed due 
to the release of leukotrienes, prostaglandins and proteases (Zari and Zari 2015). The active ingredient 
curcumin present in C. longa shoZs anti�inÀammatory and bactericidal property. ,t loZers the e[pression of 
inÀammatory en]ymes in the body and treats skin inÀammation associated Zith ec]ema. &urcumin inhibits 
the occurrences of this disease by reducinJ the sensitiYity of some inÀammatory transcription factors like 
1)�ɤ%, cytokines like T1), ,L�� and ,L��, some en]ymes like cyclo�o[yJenase � or ��lipo[yJenase. The 
herbal paste of C. longa (turmeric powder mixed with sweet lime juice and salt) is applied on swellings. 
This paste provides rapid and long lasting relief. It treats wounds and stops bleeding (Khiljee et al. 2011, 
Zari and Zari 2015).

Facial photoaging

Facial photoaging occurs due to excessive exposure to the sun as early as the second decade of life. 
8ltraYiolet �89� radiation Yi]. 89&, 89% and 89A causes mutations by JeneratinJ reactiYe o[yJen 
species �526�, such as supero[ide anion, hydroJen pero[ide and hydro[yl radical and increases the 
expression of matrix metalloproteinases in skin connective tissues and dermal layers of the skin which 
deJrades skin collaJen and contributes to photoaJinJ. The deJradation of endoJenous type , collaJen fibrils 
Zas increased by ��� in the 89 irradiated skin �&leaYer ����, .adekaro et al. ����, Aoki et al. �����. 
A decreased collaJen production in dermal fibroblasts and a subseTuent fraJmentation and disarray of 
dermis collaJen fibrils are also features of aJe�related phenotypic alterations in human skin �6atoh ����, 
Taylor 2002, Takashahi et al. 2017). In a study, the use of a herbal gel formulation Tricutan® containing 
C. longa, Rosmarinus oIficinalis and Centella asiatica was evaluated in 28 women (aged 34–37 years) 
sufferinJ Zith photoaJinJ Zhich shoZed siJnificant improYement in skin firmness and clinical eYaluations 
when applied for 4 weeks (Sommerfeld 2007). 

Psoriasis

3soriasis is a chronic, hyper proliferatiYe, inÀammatory and non�contaJious skin disease caused by faulty 
signals in the immune system and is generally considered an autoimmune disease mediated by T-cells 
�.astelan et al. �����. ,t causes thick, Zhitish Àakes of scale on raised pinkish red or black skin Zith 
Zell�defined marJins. &urcumin, the key component of C. longa extract has the ability to be developed 
as an antipsoriatic drug because it reduces keratinocyte proliferation and was found to be effective in the 
mouse tail animal model of psoriasis (Bosman 1994, Pol et al. 2003). Curcumin reduces the expression 
of pro�inÀammatory cytokines like ,L�� and ,L�� in human keratinocytes. These cytokines are both pro�
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inÀammatory and are JroZth factors for keratinocytes. +ence, their inhibition by curcumin miJht reduce 
inÀammation and keratinocyte hyperproliferation caused by psoriasis �MiTuel et al. �����. 

Topical therapies such as Jlucocorticoid treatment is effectiYe due to its anti�inÀammatory property 
but discontinuation is encouraJed due to its side effects �LebZohl �����. Therefore, suitable alternatiYes 
are important for treating psoriasis. The rhizome of C. longa has a beneficial effect on psoriasis due to the 
polyphenolic compound curcumin and antio[idants present in it. 2ther than topical therapies, phototherapy 
is also considered effective and safe for treating psoriasis. Curcumin has been proved as phototoxic for 
Salmonella typhimurium and Escherichia coli on irradiation with visible light (Tonneson et al. 1987). 
This potential photosensitizing principle of curcumin makes it applicable in the phototherapy of psoriasis. 
The combination of phototherapy with curcumin might accelerate the clinical response and might even 
diminish the exposure load (Thangapazham et al. 2007, Miguel et al. 2015).

Pruritus

Pruritus or simply itching is a restless sensation and emotional ordeal linked to a skin disturbance that 
induces the desire to scratch. It can result from external compounds, many systemic diseases and medications 
(Davidson and Giesler 2010). C. longa has been proven effective in treating pruritus (Vyas 2015). In a 
study, a topical formulation containing 16% turmeric along with other herbal ingredients, was used in 64 
patients of both sexes, with pruritus caused by multiple etiologies (atopic dermatitis, senile pruritus, and 
ichthyosis�. A siJnificant improYement Zas obserYed in the patients Zith pruritus �&hatterMee et al. �����.

Oral Lichen Planus

Lichen planus is a chronic inÀammatory disease Zhich affects the mucosal and cutaneous tissue. Lichen 
planus may appear in the esophagus, mouth, vaginal mucosa or skin but mostly it is found in the oral 
caYity. 2ften, it is found only in the oral caYity. 2ral Lichen 3lanus �2L3� occurs more freTuently than the 
cutaneous form and tends to be more resistant to any treatment. 2Yerall, lichen planus affects appro[imately 
2% of the population. This disease most commonly affects women over the age of 50 however, it may 
occur in all age groups. The exact cause of this immune mediated basal cell damage is unknown but it is 
believed that it occurs due to an abnormal T-cell mediated immune response. It is often asymptomatic; 
the atrophic erosive form can show symptoms like a burning sensation and severe pain, which makes it 
difficult to speak, eat and sZalloZ. 3atients Zith these symptoms reTuire treatment. 3laTue and calculus 
deposits are associated Zith siJnificantly hiJher incidence of redness and erosiYe JinJiYal 2L3. *ood 
oral hyJiene is essential and it enhances the healinJ process �(dZards and .elsch ����, Lodi et al. �����. 

A pilot study Zas conducted in the department of oral and ma[illofacial surJery for Zhich �� patients 
Zere clinically diaJnosed and histopatholoJically confirmed as patients of 2L3. The rhi]ome e[tract of 
C. longa in the ointment form was made at NBRI, used for local application twice/day for a period of 3 
months. The e[tract shoZed beneficial effects on patients and proYed to be a better alternatiYe to other 
steroidal drugs, which shows hazardous side effects (Singh et al. 2013).

Vitiligo

Vitiligo is a skin disease in which the melanocytes (pigment producing) cells are destroyed, resulting in white 
patches on the skin of different parts of the body. AlthouJh the e[act cause of the damaJe to melanocytes is 
not clear, oxidative stress has been associated in the pathogenesis of the disease (Schallreuter et al. 1996). 
1arroZband 89% �1%�89%� that uses the portion of the 89% spectrum from ��� to ��� nm is considered 
as the Jold standard treatment for YitiliJo �Arca et al. �����. %ecause of the anti�o[idant property of 
curcumin, it seems to be a therapeutic option for the treatment of YitiliJo. 2ne study inYestiJated Zhether 
the combination of 1%�89% and tetrahydro�curcuminoid cream could result in synerJistic therapeutic 
effects aJainst YitiliJo �AsaZanonda and .lahan �����. Ten patients Zith YitiliJo Zere enrolled in the 
study. TZo similar lesions Zere treated Zith either 1%�89% plus topical tetrahydro�curcuminoid cream 
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or Zith 89% alone. 5esults indicated a statistically siJnificant repiJmentation in both treatment Jroups 
Zith sliJhtly better repiJmentation in the combination Jroup �AsaZanonda and .lahan �����. 

Curcumin application in Neurological Disorders

Parkinson’s Disease

3arkinson¶s 'isease �3'� is characteri]ed by neurodeJeneration of dopaminerJic neurons from Substantia 
Nigra (SN) part of the brain. This neurodegeneration results in reduced dopamine secretion causing tremors, 
depression and bradykinesia Zhich primarily affect body and brain coordination �-ankoYic, �����. 3' 
is characteri]ed by selectiYe loss of dopaminerJic neurons and accumulation of Į�syn based and other 
proteins in LeZy bodies �'auer and 3r]edborski ����, 'aZson and 'aZson �����. )ormation of reactiYe 
species like pero[ynitrite �31� �Mythri et al. �����, to[ic aldehydes such as �+1( and M'A �<oritaka et 
al. 1996) mainly affects the biomolecules, thus damaging the cellular machinery, e.g., inhibition of brain 
mitochondrial complex I (CI) activity and reducing mitochondrial membrane potential and integrity. 
Rajeswari and Sabesan (2008) studied the inhibitory effect of polyphenolic curcumin and its metabolite 
tetrahydrocurcumin on monoamine oxidase-B MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) 
induced PD in model mice. Both curcumin (80 mg/kg i. p.) and tetrahydrocurcumin (60 mg/kg i. p.) served 
as a neuroprotectant aJainst M3T3�induced depletion of 'A and '23A& �5aMesZari and 6abesan �����. 
Kundu and colleagues (2016) studied the anti-Parkinson activity of curcumin and piperine coloaded glyceryl 
monooleate �*M2� nanoparticles encoated Zith Yarious deterJents pertaininJ hiJher bioaYailability in 
rotenone induced PD mice (Szczepanowicz et al. 2016). Mythri et al. (2011) have shown that the regular 
consumption of curcumin provides neuroprotection in toxic mouse model of PD. They have studied the 
neuroprotective property of different conjugates of curcumin, among which enhanced protection against 
PN-dependent Mitochondrial Complex I inhibition of dopaminergic neurons (Mythri et al. 2007) and protein 
nitration was shown by glutamoyl diester of curcumin as compared to other conjugates. Di-glutamoyl 
curcumin protected dopaminergic neurons against 1-methyl-4-phenylpyridinium (MPP)-mediated neuronal 
death (Mythri et al. 2011). The antioxidant activity of curcumin protects SN neurons, improves striatal 
dopamine levels and chelates Fe2+ in the ��2+'A rat model of 3' �-iao et al. �����. This is probably 
mediated by the phenolic rings and diketone groups of curcumin which serve as an electron trap thus 
preventing formation of H222, 2+– and superoxide (Zbarsky et al. 2005). Szczepanowicz et al. (2016) 
synthesi]ed multilayered 3oly�L�Lysine �3LL� and 3oly�L�*lutamic Acid �3*A� encapsulated curcumin 
nanocarriers for the prevention of H222-induced reduction in mitochondrial membrane potential in SH-
SY5Y human neuroblastoma cell line (Szczepanowicz et al. 2016). Interestingly, curcumin treatment 
restores lipid peroxidation mediated mitochondrial damage and apoptosis (Zhu et al. 2004). Curcumin 
protects against 4HNE mediated alterations in mitochondrial respiratory function and redox metabolism, 
cytochrome & release, '1A fraJmentation and 3A53 actiYation in 3&�� cells demonstratinJ a protectiYe 
function against lipid peroxidation mediated damage (Raza et al. 2008). Pretreatment with curcumin 
reestablishes mitochondrial membrane potential, eleYates in &u�=n 62' and modulates 1)țB nuclear 
translocation �:anJ et al. �����, inhibits ,L�� and T1)�alpha �:anJ et al. �����, aJJreJation of Į�synuclein 
in vitro (Pandey et al. 2008, Wang et al. 2010) and reduction in aggregation of synphilin-1 (Pal et al. 2011). 
&urcumin also actiYates proteins inYolYed in iron metabolism in 61 of 3' brains �6ofic et al. �����, thus 
suppressinJ leYels of ferritin and hepcidin, representinJ its role as an iron chelator �-iao et al. �����. 
Curcumin treatment thus increases the density of dopaminergic neurons in the SN (Vajragupta et al. 2003) 
possibly due to neuroJenesis �;u et al. ����, .im et al. �����.

Alzeimer’s Disease

Al]heimer¶s 'isease �A'� is a deYastatinJ neurodeJeneratiYe, persistent and proJressiYe disorder. Amyloid 
3roteins �A3� are necessarily reTuired for the brain¶s normal synaptic function �+ardy and 6elkoe �����. 
A' is found to be the most common cause of dementia in ��±��� of all dementia cases �%lennoZ et al. 
�����. There is an increase in the production of amyloid protein �Aȕ� aJJreJates Zhich forms plaTues 
which are feebly cleared from the system (Ghiso and Frangione 2002, Mawuenyega et al. 2010, Mathew 
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et al. �����. A3 deJradation in the normal brain is a result of Yarious en]ymes �,Zata et al. �����. A' 
Zas initially elucidated by *erman psychiatrist Alois Al]heimer �����±����� in ���� and Zas named by 
.raepelin �%lennoZ et al. �����. Ahmed and *ilani �����, ����� reYieZed the neuroprotectiYe property of 
each component of the curcuminoid mi[ture that plays an important role in A' representinJ curcuminoid 
mixture better than the curcumin. It has been observed from the epidemiological studies the consumption 
of turmeric �curcumin� by Asian ,ndians is perhaps the reason for the loZ occurrence of A'�3' as Zell as 
40% less melanized nigral neurons in brains in India as compared to the Caucasians (Muthane et al. 1998, 
Blennow et al. 2006). Pan et al. (1998) demonstrated that curcumin is the only natural compound that can 
cross the blood�brain barrier, but only in traces. %eJum et al. ������ and AJJarZal and +arikumar ������ 
studied the methods of enhancing the bioavailability of hydrophobic curcumin using different approaches. 
Ringman and colleagues (2005) examined the dietary curcumin for their properties like antioxidant, anti-
inÀammatory, or anti�amyloidoJenic on mice model, either administered chronically to aJed TJ���� 
A33sZ mice or acutely to lipopolysaccharide �L36��inMected Zild�type mice. ,n both the cases, reduction 
in interleukin��ȕ Zas reported. ,t Zas concluded that the curcumin is promisinJly effectiYe in reducinJ 
amyloid plaTue burden, insoluble ȕ�amyloid peptide �A ȕ�, and carbonyls �5inJman et al. �����. :anJ 
and colleagues (2008) have demonstrated the degrees of saturation, types of carbon skeleton and functional 
Jroup, and hydrophobicity plays an important role in anti�%A&(�� and behaYioral actiYities of curcuminoids 
and their derivatives from rhizomes of Curcuma longa (Zingiberaceae) (Wang et al. 2008). Curcumin has 
proYed its role as neuroprotectiYe aJent in models of stroke and A' �Lim et al. ����, <anJ et al. ����, 
5inJman et al. �����. <anJ et al. ������ haYe confirmed inhibitory action of curcumin on amyloid beta 
�Aȕ� oliJomers and fibrils in A'. Lim and colleaJues ������ reported the reduction in amyloid patholoJy, 
o[idatiYe stress and pro�inÀammatory markers in transJenic A' mice model. ,n addition, curcumin reduces 
the leYels of *lial )ibrillary Acidic 3rotein �*)A3�, a marker of astrocytic proliferation. 'eposition of 
amyloid ȕ�peptide and markers of o[idatiYe stress and inÀammation Zas found to be reduced in cerebral 
corte[ of model A' mice after dietary supplementation of curcumin ����±���� ppm� �Lim et al. �����. 
Mathew et al. (2012) demonstrated that amyloid-binding aptamer (named NN2) conjugated curcumin–poly 
�lactic�co�Jlycolic acid� �3L*A� nanoparticle can be used as an effectiYe plasma amyloid leYel minimi]er, 
as it binds and deteriorates amyloid plaTues. 2Yer�e[pression of curcumin induced 5A1T(6, a chemokine 
released by astrocytes and microJlia plays a key role in neuroinÀammatory pathZays durinJ A' leadinJ to 
enhanced neuronal surYiYal �Lin et al. �����. &henJ and coZorkers ������ haYe formulated stable curcumin 
nanoparticles to test in vitro and in A' model TJ���� mice. This nanocurcumin produced siJnificantly 
higher curcumin concentration than normal curcumin in plasma and better working memory in models. 
Curcumin loaded polybutylcyanoacrylate nanoparticles (PBCN) encoated with polysorbate 80 were 
formulated by Sun and coworkers (2010). The pharmacokinetic and bio-distribution of this nanoparticle 
formulation was studied by intravenous administration in the tail vein and crossing across the blood-brain 
barrier was observed (Sun et al. 2010). 

Curcumin in medicine 

Curcumin is a multi-functional and pharmacologically safe natural agent (Paul et al. 2016) and is extensively 
used as an antibacterial, antifungal, antiviral as well as antiparasitic agent from ancient times (Morais et al. 
2013, Tyagi et al. 2015, Teow et al. 2016). It inhibits growth of microbes by various routes such as inhibition 
of cytokinesis and cell proliferation, increasing sensitivity of microbes towards antibiotics and perturbation 
of the cell wall and membrane leading to cell lysis, inhibiting arachidonic acid metabolism, stabilization 
of lysosomal membrane which causes uncoupling of oxidative phosphorylation, modulation of different 
transcription factors, cytokines, enzymes, receptors, etc. (Shanmugam et al. 2015, Paul et al. 2016, Teow 
et al. �����. Lethal effect of curcumin on microbes can be eYaluated by different assays such as killinJ 
assay, membrane permeabilization assay, propidium iodide uptake assay, calcein leakage assay, scanning 
electron microscopy, 3lasma Membrane )luorescence ,ntensity measurement, etc. �Lee et al. ����, TyaJi 
et al. 2015). Different antimicrobial and antiparasitic effects studied so far are summarized in the Table 8.2. 

Curcumin, with its wide range of functions, is helpful in a variety of medical conditions. Rheumatoid 
arthritis, is a condition in Zhich inÀammation leads to immunoloJical reactions folloZed by tissue damaJe 
at Moints, occurrence is heiJhtened Zith increased aJe �.umar and 5ai ����, -ohnson and +unter ����, 'aily 
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et al. �����. &urcumin, shoZs anti�inÀammatory actiYity by inhibitinJ en]yme triJJerinJ inÀammation, 
such as cycloo[yJenase � �&2;��. %y the inhibition of &2;�, it eYentually reduces prostaJlandins 
synthesis, which mediates signaling of pain (Kumar and Rai 2011). 

Al]heimer¶s 'isease �A'�, usually obserYed in later staJes of life, is a neurodeJeneratiYe disorder 
inYolYinJ aJJreJation of protein Aȕ into fibrils and eYentually amyloid plaTues Zhich deposits into the 
brain, interfering with memory, thinking and behavior of the patient. Curcumin, with its antioxidant, anti-
inÀammatory and antiamyloid potential, helps to oYercome symptoms of A', in vitro and in animal models. 
,n order to study safety, tolerability, pharmacokinetics, efficacy and effects of curcumin on biomarkers 
associated Zith the A', phase ,,, randomi]ed, double�blind, placebo�controlled study Zas performed Zith 
�� patients of A', some Zere JiYen loZ�dose �� J�day� and another Jroup Zith hiJh�dose �� J�day� for 
�� Zeeks. After �� Zeeks inspite of its loZ bioaYailability and ZithdraZal of three patients deYelopinJ 
Jastrointestinal symptoms, curcumin Zas Zell tolerated �5inJman et al. �����. Another randomi]ed, 
double-blind, placebo-controlled study was carried out with 34 patients, by giving two different doses  
1 g and 4g. Results depict that the mental condition neither improved nor any adverse effect was observed, 
but it might decrease the need of vitamin E because of its antioxidant activity (Baum et al. 2008). Yao and 
;ue ������ from their study obserYed that curcumin can destabili]e formation of Aȕ plaque and increase 
its phaJocytosis. ,t reduces inÀammation caused by tau protein and also interacts Zith cholesterol and 
metal ions. &urcumin is a potent inhibitor of &2;�� and 1)�ț%, knoZn for their inÀammatory response 
and hence is a possible remedy for A' throuJh its Yersatility, Zith less to no side effects in animal models. 

Cardiovascular Disease (CVD) is a condition with impaired functioning of the heart and vascular 
system (Haldeman et al. 1999, Yach et al. 2004). CVD includes various disease conditions such as 
persistent hypertension, cardiac inÀammation, myocarditis �inÀammation of  myocardium� and endocarditis 
�inÀammation of endocardium�, YalYular insufficiency and stenosis, conJenital malformations, familial 
hypertrophic and dilated cardiomyopathies, diabetic cardiomyopathy and myocardial infarction or 
ischemia associated with coronary artery disease, which are linked to heart attacks. It also involves arterial 
diseases, e.J., atherosclerosis, inÀammatory stenosis and thrombus formation �-ana and 6Zarnakar �����. 
&urcumin holds the ability in reducinJ risk of &9' by inhibitinJ the hiJh fat diet related inÀammation 
and hematological changes in the body (El-Habibi et al. 2013). Even in coronary artery disease in humans, 
curcumin decreases 9ery LoZ 'ensity Lipoprotein �9L'L�, LoZ 'ensity Lipoprotein �L'L�, cholesterol 
and serum triJlyceride Zithout any effect on inÀammatory biomarkers �Mir]abeiJi et al. �����.

Antiophidian �AntiYenom� actiYity of any bioloJical component can be estimated by its phospholipase 
A� �3LA�� inhibition. 6nake Yenom contains 3LA� Zhich e[erts effect such as cardioto[icity, myoto[icity, 
pre orpostsynaptic neurotoxicity, edema, hemolysis, hypotension, convulsion, platelet aggregation inhibition 
and anticoaJulation �*utiprre] and Lomonte ����, 2Znby ����, Tei[eira et al. �����. 3LA� deJrades 
membrane phospholipids, Zhich releases arachidonic acid, precursor of inÀammatory compounds such as 
prostaglandins and leukotrienes (Samy et al. 2012). Docking study of various plant derived compounds 
includinJ curcumin aJainst 5ussell¶s Yiper and boYine pancreatic 3LA� shoZs interaction Zith the Amino 
Acid �AA� residues at the actiYe site of both 3LA�s, shoZs curcumin of haYinJ anti�inÀammatory and 
antidotes properties (Nirmal et al. 2008).

To study the effect of curcumin in gastrointestinal diseases, Holt et al. (2005) conducted a study with 
fiYe patients diaJnosed Zith 8lceratiYe &olitis�proctitis �8&� and fiYe patients Zith &rohn¶s 'isease �&'�. 
8& patients Zere treated Zith ��aminosalicylic acid ���A6A� � corticosteroids � ��� mJ curcumin �tZice 
daily for a month and then thrice daily for the second month). CD patients were given 360 mg curcumin 
(thrice daily for a month and 360 mg four times daily for the second month). Several hematological, 
biochemical, and inÀammatory analysis and siJmoidoscopy and biopsy depicts that the 8& Jroup shoZed 
siJnificant improYement folloZed by reduction in medication and '& Jroup shoZed improYement Zith 
loZered &rohn¶s 'isease ActiYity ,nde[.

&urcumin, beinJ able to perform inhibition of the pro�inÀammatory cytokines 1)�ț% and ,L���6TAT� 
siJnalinJ pathZay, is useful for the Yarious Jastrointestinal inÀammatory diseases, such as ,nÀammatory 
Bowel Disease (IBD) (Hilsden et al. 2011). Hanai et al. (2006) performed a case study with 89 patients 
haYinJ Tuiescent 8& in a randomi]ed, double�blind, multicenter trial, four Zeek Zashout period folloZed 
by random selection of patients for placebo or curcumin for six months. Curcumin showed improvement 
in the &linical ActiYity ,nde[ �&A,� and the (ndoscopic ,nde[ �(,�, Zell tolerated by patients and haYe 
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better clinical efficacy than placebo in the preYention of a relapse. &urcumin shoZed myorela[ant effect 
on smooth muscles of the gallbladder, bladder, aorta and trachea and heart. It increased gall bladder and 
intestinal tone and contraction with no side effects on other organs in vitro. Hence, it can be used in various 
gastrointestinal tract disorders (Micucci et al. 2013).

Limitations of curcumin 

Curcumin is a hydrophobic and lipophilic molecule which is not soluble in water. Even though curcumin 
exhibited potential medicinal properties, there are several limitations demonstrated from pharmacological 
studies. From the last few years, researchers all over the globe are interested in determining the mechanism 
of action of curcumin and with this intention many studies with animal and in vitro models were studied. 
)or this reason, there are many studies Zhich aim to find out the bioaYailability of curcumin �5ai et al. 
2015, Saikia et al. �����. ,n ����, :ahlstrom and %lennoZ for the first time administered curcumin in 
6praJue�'aZley �� J�kJ dose� to determine bioloJical aYailability of curcumin �Annon and :ahl �����. 5yu 
et al. (2006) demonstrated that when curcumin is intravenously administered in mice, it was accumulated 
in various organs such as the liver, spleen, lungs and in the brain. It can be concluded that curcumin has 
some affinity toZards some tissues. ,t Zas stated that the metabolism of curcumin depends on the route of 
administration, it was found that for oral administration 75% of curcumin metabolites were found in feces 
and not in urine �+older et al. �����. 2n the other hand, Zhen the curcumin Zas JiYen intraperitoneally, 
73% of curcumin metabolites were found in urine and only 11% was absorbed in body. It was observed 
from human and mouse trials that oral consumption of curcumin showed lesser bioavailability, and it 
undergoes intestinal metabolism, whereas the absorbed curcumin have rapid metabolism and excretion 
in bile (Saikia et al. 2015).

Hence, the major limitations of curcumin include low absorption, poor solubility and relatively less 
distribution property. Hence, curcumin is not absorbed properly in the body and cannot be utilized for 
the treatment of diseases (Rai et al. 2015, Saikia et al. 2015). Curcumin possesses low bioavailability 
due to rapid metabolism, rapid elimination, poor distribution in tissue and low serum level (Saikia et al. 
2015). Curcumin has many limitations but the bioavailability of curcumin can be improved by suitable 
encapsulation of curcumin. For example, if curcumin is administered by encapsulating in liposome, 
polymeric nanoparticles, cyclodextrin and other lipid or polymer curcumin complexes it can improve the 
biological activity of curcumin (Nanjwade et al. 2015). 

Conclusions 

Curcuma longa (turmeric) is one of the most important Indian spices, which is being used traditionally 
since ancient times as a spice and potent medicine. The validation of turmeric proved that it contains a 
yellow pigment, curcumin, which has enormous medicinal properties such as antimicrobial activity, anti-
inÀammatory actiYity, Zound healinJ actiYity, anticancerous actiYity, antio[idant actiYity, anti�arthritis, 
antimalarial, chemopreventive and chemotherapeutic activity and many more. Hence, it is considered a 
safe, nontoxic and effective herbal medicine for a variety of infections and diseases including those of the 
skin, pulmonary, and Jastrointestinal systems, aches, pains, Zounds, sprains, liYer disorders, Al]heimer¶s, 
3arkinson¶s and small�po[ disease, etc. ,n addition, its specific role in the treatment of different types 
of cancer is very promising. However, further studies are required to determine the optimal dosage, 
bioaYailability and bio�efficacy, Zhich may help in populari]ation of curcumin for its use as one of the 
ideal herbal medicines.
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Introduction

The Khyangs are a small ethnic group of people inhabiting the Chittagong Hill Tracts region in the 
southeast part of Bangladesh. At present, they can be mainly found in Rangamati and Bandarban districts 
of Chittagong Hill Tracts. Their total population is estimated to be around 2500. The Khyangs possibly 
came to their present habitat from neighboring Burma (presently Myanmar). They are considered by 
anthropologists as belonging to the Kuki-Chin race of the Tibeto-Burman group. Khyang societies are 
headed by a leader for each society, the leader being known as a ‘Karbari’.

According to the Khyang elders, once upon a time they were nature worshippers but later converted to 
Buddhism and presently Christianity. Khyang society is patriarchal. Their method of cultivation is known 
as ‘jhum’, where a forest area is burnt completely followed by cultivation on that area for 2–3 years and 
then moving on to a new area and letting the previous area to revert back slowly to a forested state.

Humans have recognized the need for medicines to treat and cure diseases since their advent. It has 
been reported that humans were aware of medicinal properties of plants, possibly as early as 3000 BCE 
(Sofowara 1982). Historical surveys have indicated that the eastern region of the Mediterranean may always 
have been a rich source of medicinal plants and that indigenous Arab medicine was a major contributor 
to the development of modern medicine in Europe (Saad et al. 2005). The Edwin Smith Papyrus and the 
Ebers Papyrus indicate that the Egyptians were using herbal medicine during the 17th and 16th centuries 
BCE (El-Soud 2010). Ayurveda (India), Greek and Chinese traditional medicine also developed from 
around 2000 to 4000 years ago (Subbarayappa 2001).
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In modern times, it has been recognized that the ancient medicinal knowledge of human beings can 
play a Yital role in the discoYery of efficacious druJs �%alick and &o[ �����. 6ince tribes and Yarious 
indigenous people have used medicines for a long time period, they are usually the best knowledge holders 
of ancient forms of cure. It has also been recognized that phytotherapeutic practices, that is treatment of 
diseases with plants is the most common form of practice among indigenous people, possibly partly because 
of the abundance of plants, and partly because any given plant may possess hundreds of phytochemicals 
with potential disease curing ability. Moreover, plants are affordable and can yield affordable medicines 
in the form of simple decoctions or pastes, which can be simply used either orally or topically.

As such, it is important to document the medicinal practices of tribes before they get totally lost 
due to the onslaught of ‘civilization’ and ‘globalization’. Bangladesh is possibly home to over a hundred 
small or large tribes. However, ethnomedicinal data on these tribes are practically negligible. We have 
previously documented the traditional medicinal practices of folk medicinal practitioners and a few tribes 
of Bangladesh (Akter et al. 2014, Azad et al. 2014, Islam et al. 2015a,b, Rahman and Rahmatullah 2015, 
Zaman et al. 2015, Seraj et al. 2017). The present chapter gives an account of the traditional medicinal 
practices of Khyang Tribal Medicinal Practitioners (TMPs) residing in Khyaplong-para and Shuanlo-
para in Rowangchaari of Bandarban district, Bangladesh. To our knowledge, there has been scant or no 
information previously on medicinal plants of the Khyang.

Loss of Khyang traditional medicinal practices including their phyto-therapeutic knowledge may 
prove to be disastrous in the long run because along with ongoing rapid deforestation, this may lead to 
loss of both medicinal plants and their uses. Discovery of important and vital drugs may suffer from these 
dual losses. The Khyangs have inhabited their present area for a long time and so are most knowledgeable 
about the local plant species. The aim of the present study was to document the Khyang tribal medicinal 
practices involving mostly plants before such knowledge and plant species become irretrievably lost. 

Ethnomedicinal survey

Ethnomedicinal survey is essentially the tool to collect data on tribal medicinal plants and their uses. 
The present data was obtained from the Khyang tribal medicinal practitioners (TMPs) practicing among 
the Khyang communities of Khyaplong-para and Shuanlo-para in Rowangchaari of Bandarban district, 
Bangladesh (Fig. 9.1) through such a survey. Altogether, a total of 15 Khyang TMPs were interviewed, 
thirteen of them being males and two females. The names and other details of the TMPs are given in Table 9.1.  
The ages of the TMPs ranged from 37–70 years, suggesting that even today these Khyang communities 
have not given up on their traditional medicinal treatments. 

Ethnomedicinal information is generally collected through interviews of tribal TMPs, the present 
study beinJ no e[ception. ,nterYieZs Zere conducted Zith the help of a semi�structured Tuestionnaire 
and the Juided field�Zalk method of Martin ������ and Maundu ������. ,n this method, the TM3s took 
the interYieZers on Juided field�Zalks both indiYidually and collectiYely throuJh areas from Zhere they 
collected their medicinal plants or plant parts (Fig. 9.2), pointed out the plants, and described their uses. 

Plant species used by the Khyangs

The Khyang TMPs were observed to use 84 plant species in their treatment. The names of the plant species 
alonJ Zith other ta[onomic information are shoZn in Table �.�. .hyanJ treatment appeared to be basically 
monoherbal, with one whole plant or plant part being used to treat a single or multiple disease(s). The 
formulations and treatment modes were also fairly simple with plant paste, decoction or juice being taken 
either orally or applied topically. Gastrointestinal disorders in the form of dysentery, blood dysentery, 
and diarrhea were the most common ailments treated. However, the TMPs had phytomedicines for some 
serious ailments �by serious is meant that e[istinJ allopathic medicines do not brinJ total cure� like heart 
disorders, arthritis, rheumatism, hypertension, tumor, cancer, and diabetes. 

Surprisingly, although the forested regions of the Chittagong Hill Tracts are known for prevalence of 
malaria (Starzengruber et al. 2014) including cerebral malaria, the Khyang TMPs did not mention malaria 
among the diseases treated. The TMPs, on the other hand, treated fever, which may be a symptomatic 
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Fig. 9.1 Map showing Bangladesh (left) and study area (right).

Table 9.1 Information on the interviewed Khyang tribal healers.

Name of traditional healer Age Gender Area

Aung-marrak 60 M Khyaplong-para

Chaillong Khyang* 58 M Khyaplong-para

Paichong 70 M Khyaplong-para

Paisra 37 F Khyaplong-para

Prothoai Khyang (Karbari)* 63 M Khyaplong-para

Rathung 51 M Khyaplong-para

Shalashu 49 M Shuanlo-para

Shala-u khyang 39 M Shuanlo-para

Shoikh-la 44 M Shuanlo-para

Sialian Khyang* 52 F Khyaplong-para

Timraw 53 M Khyaplong-para

Tinglaw 66 M Shuanlo-para

Tonlapru 55 M Shuanlo-para

Unshalank 40 M Khyaplong-para

Vanlalshia 60 M Khyaplong-para

*Principal healers
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treatment of malaria, for malaria causes fever. It is also interesting in this aspect that fever, including fever 
with convulsions (this type of fever may be malarial fever) was treated with a number of different plant 
species, which indicates the importance given by the TMPs to treat fever.

Selected phytochemical constituents of Khyang medicinal plants and their 
pharmacological activities

Table 9.3 gives an account of the important phytoconstituent(s) present in the Khyang medicinal plants and 
shows that although a large number of medicinal plants used by the Khyang TMPs are yet to be investigated 
for their phytochemical constituents, the plants that have been investigated possess bioactive compounds 
relevant to their medicinal uses plus possibly other therapeutic uses. For instance, one of the plants used 
to treat tumor was Amorphophallus paeoniifolius �'ennst.� 1icolson. The plant contains Tuercetin� the 
compound can reverse pre-neoplastic lesions caused by chemical carcinogenesis (Carrasco-Torres et al. 
2017). Quercetin also reportedly induces apoptosis and necroptosis in MCF-7 breast cancer cells (Khorsandi 
et al. �����. To JiYe Must one more e[ample, Ocimum americanum was also used by the Khyang TMPs 
to treat tumors. The anti-proliferative activity of the essential oils obtained from this plant collected from 
Burkina Faso has been described (Bayala et al. 2014). Moreover, the plant contains rosmarinic acid, which 
may be a Jood anti�cancer aJent �'all¶AcTua et al. �����. The plant furthermore contains ursolic acid, 
which reportedly can inhibit hepatocellular carcinoma (Liu et al. 2017, Zhao et al. 2017). The structures 
of some important phytoconstituents present in the Khyang medicinal plants are shown in Fig. 9.3. The 
reported pharmacological activities of some of the important phytoconstituents are discussed (below). 
This following discussion will be essentially based on reviews of individual phytoconstituent instead of 
describing every individual paper dealing with any given pharmacological activity of the phytoconstituent. 

Abelmoschus moschatus Medik. Myricetin, present in the plant, reportedly possesses anti�o[idant, anti�
carcinogen, anti-viral, anti-diabetic, anti-thrombotic, anti-microbial activities, and useful in the treatment 
of gout and diarrhea (Ong and Khoo, 1997).

Acacia catechu (L.f.) Willd. Various biologically active phytocomponents present in the plant are 
Catechin, Epicatechin, Epicatechin gallate, Procatechinic acid, Quercetin, Rutin, and Kaempferol. Catechin, 
epicatechin, and epicatechin gallate possess anti-cancer, hypocholesterolemic and hypotensive activities 
�6onoda et al. �����. 4uercetin is antio[idant and can be beneficial in cancer, allerJy, asthma, diabetes, 
cardiovascular diseases, oral mucosa (mouse apthous ulcers), gastric ulceration, hypertension, immunity and 

Fig. 9.2 &ollection of medicinal plants in Juided field�Zalks Zith .hyanJ TM3s.
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Fig. 9.3 Bioactive phenolic present in various plants used by the Khyang tribe.

infections, inÀammation, inMury and pain, prostatitis�interstitial cystitis, arthritis, metabolic syndrome, and 
obesity �.elly �����. 5utin reportedly has pharmacoloJical benefits aJainst cancer, diabetes, hypertension, 
and hypercholesterolemia (Al-Dhabi et al. 2015). Kaempferol and some of its glycosides reportedly possess 
antio[idant, anti�inÀammatory, anti�cancer, anti�microbial, cardioprotectiYe, neuroprotectiYe, anti�diabetic, 
anti�osteoporotic, an[iolytic, analJesic, and anti�allerJic actiYities �&alderón-Montaño et al. 2011).

Acacia farnesiana (Linn.) Willd. Phytochemical constituents include Gallic acid, Ellagic acid, Kaempferol, 
and 1arinJenin. *allic acid has antio[idant and anti�cancer effects �%adhani et al. �����. (llaJic acid has 
antio[idant and anti�microbial properties �9attem and 6hetty �����. 1arinJenin has been found to haYe 
metal chelatinJ property alonJ Zith antio[idant, anti�microbial, anti�Yiral, anti�allerJic, anti�estroJenic, 
anti�diabetic, anti�inÀammatory, anti�obesity, anti�cancer, adipolytic and hepatoprotectiYe actiYities. 
MoreoYer, the compound may be useful in hypo[ia and ischemic heart disease �9ishnu 9arthan et al. �����.
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Achyranthes aspera L. Some reported phytoconstituents are Achyranthine, Oleanolic acid, and Ecdysterone. 
2leanolic acid possesses hepatoprotectiYe, anti�inÀammatory, antio[idant, and anti�cancer properties 
(Pollier and Goossens 2012).

Acorus calamus L. The various compounds mentioned in Table 9.3 for this plant possess anti-bacterial, 
anti�funJal, insecticidal, and nematicidal actiYities� additionally, the plant or plant e[tract has in laboratory 
e[periments shoZn anti�inflammatory, anti�adipoJenic, insulin sensiti]ation, immunomodulatory, 
neuroprotectiYe, antio[idant, broncho�dilatory, and anti�proliferatiYe effects, suJJestinJ that more  
bio-active components may be present (Mythili Avadhani et al. 2013). 1,8-Cineole has shown anti-
neoplastic, acaricide, allelopathic, anthelmintic, anti-allergic, anti-bronchitic, anti-catarrh, anti-fatigue, anti-
larynJitic, anti�pharynJitic, anti�inÀammatory, anti�bacterial, and hypotensiYe effects �5amya et al. �����.

Ageratum conyzoides (L.) L. Various pharmacological studies indicate that E-sitosterol can prove useful 
in heart disease, hypercholesterolemia, modulating the immune system, prevention of rheumatoid arthritis, 
cervical cancer, hair loss, and benign prostatic hyperplasia (Saeidnia et al. 2014).

Alstonia scholaris (L.) R.Br. %etulinic acid reportedly has anti�retroYiral, anti�malarial, anti�inÀammatory, 
anti-cancer, and anti-tumor properties (Ramya et al. 2012).

Aristolochia bracteolata Linn. Aristolochic acid can cause renal failure and urothelial carcinoma (Yang 
et al. 2014).

Belamcanda chinensis (L.) DC. Pharmacological activity studies with mangiferin indicate that the 
compound may be antio[idant, analJesic, anti�diabetic, anti�proliferatiYe, chemopreYentiYe, radioprotectiYe, 
cardiotonic, immunomodulatory, and diuretic (Jyotshna et al. 2016).

Cassia alata L. (modin has been reported to JiYe anti�cancer, hepatoprotectiYe, anti�inÀammatory, 
antio[idant, and antimicrobial effects �'onJ et al. �����. &hrysophanol has been shoZn to demonstrate 
antio[idant and anti�inÀammatory actiYities in microJlia �Lin et al. �����.

Centella asiatica (L.) Urb. Together with madecassic acid and Asiatic acid, asiaticoside has wound healing 
effect� by itself, asiaticoside is anti�microbial, cytoto[ic aJainst hepatoma and melanoma, an[iolytic and 
neuroprotectiYe� madecassoside reportedly can stimulate collaJen synthesis �Alfarra and 2mar �����. 
Linalool reportedly has sedatiYe, an[iolytic, analJesic, anti�conYulsant, and anti�inÀammatory effects 
(Aprotosoaie et al. 2014).

Citrus aurantifolia (Christm.) Swingle. E�&aryophyllene is anti�microbial and cytoto[ic �anti�cancer� 
(Neta et al. 2016), the compound is also hepatoprotective (Varga et al. 2017).

Cocos nucifera L. )erulic acid has been reported to haYe antio[idant, anti�microbial, anti�inÀammatory, 
anti-thrombosis and anti-cancer properties (Ou and Kwok 2004). Amyrins are known to be anti-
hyperglycemic and hypolipidemic (Santos et al. 2012).

&uscuta reÀexa Roxb. Luteolin is an anti�inÀammatory and neuroprotectiYe aJent �1abaYi et al. �����. 
The compound is also reportedly antio[idant, anti�bacterial, anti�diabetic, and anti�proliferatiYe and inhibits 
colorectal cancer (Pandurangan and Esa 2014).

Elephantopus scaber L. Lupeol reportedly has beneficial effects aJainst inÀammation, cancer, arthritis, 
diabetes, heart diseases, renal to[icity, and hepatoto[icity �:al et al. �����.

Erythrina variegata L. 2[yresYeratrol has anti�neoplastic, antio[idant, skin ZhiteninJ, neuroprotectiYe, 
hepatoprotective, and hypoglycemic activities (Xu et al. 2014). 

Eupatorium odoratum L. &hloroJenic acid has antio[idant, anti�inflammatory, cardioprotectiYe, 
hepatoprotective, renoprotective, anti-diabetic, and anti-lipidemic activities (Maalik et al. 2016).

Euphorbia hirta L. Reported activities of gallic acid include hepatoprotective, anti-cancer, anti-microbial, 
anti�inÀammatory, anti�depressant, anti�3arkinson, anti�diabetic, anti�malarial, diuretic, Zound healinJ, 
anthelmintic, and an[iolytic �1ayeem et al. �����. &affeic acid is carcinoJen inhibitor, anti�o[idant, anti�
bacterial, and cardioprotectiYe �MaJnani et al. �����. p�&oumaric acid is antio[idant and anti�microbial 
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Table 9.3 Some notable bioactive phytochemicals in the Khyang medicinal plants.

Serial No. Botanical name Notable bioactive phytochemicals

1. Abelmoschus moschatus Medik. Myricetin

2. Acacia catechu (L.f.) Willd. &atechin� (picatechin� (picatechin Jallate� 3rocatechinic acid� 
4uercetin� 5utin� .aempferol

3. Acacia farnesiana (Linn.) Willd. *allic acid� (llaJic acid� .aempferol� 1arinJenin

4. Achyranthes aspera L. Achyranthine� 2leanolic acid� (cdysterone

5. Acorus calamus L. �,��cineole� Į�+umulene� Į�3inene� Į�Terpinene� �±��Į�Terpineol� 
&urcumene� Asarone� �±��ȕ�(lemene� %orneol� (lemicin� (uJenol� 
Limonene� Linalool� Menthol� *alanJin

6. Ageratum conyzoides (L.) L. Į�3inene� Į�Terpinene� �±��ȕ�(lemene� ȕ�6itosterol� %orneol� 
�±��ȕ�&aryophyllene epo[ide� (uJenol� )arnesol� )riedelin� Limonene� 
4uercetin� .aempferol

7. Allophylus cobbe (L.) Räusch.) 3henolics� Alkaloids� &yanolipids

8. Alpinia conchigera Griff. �¶6� �� aceto[ychaYicol acetate �A&A�� Yarious liJnans such as 
Conchigeranals A- E , Galanganal , Galanganols A and B 
6esTuineoliJnans � &onchiJnans A , % , and & , toJether Zith 9anillin 
and Phloroglucinol 
(ssential oils Zith (ucalyptol ���.�� �� � &haYicol ���.�� �� , ȕ� 3inene 
��.�� ��� &aryophyllene ��.�� ��  as the maMor components 
&ardamomin� �¶, �¶� 'ihydro[y� �¶� metho[ychalcone

9. Alstonia scholaris (L.) R.Br. %etulin� %etulinic acid� 2leanolic acid� 8rsolic acid� ȕ�6itosterol� 
ȕ�Amyrin acetate� &orialstonine� &orialstonidine� 6cholaricine� 
Vallesamine

10. Amorphophallus paeoniifolius 
(Dennst.) Nicolson

Quercetin

11. Antidesma acuminatum Wall. Data not available to date

12. Argyreia capitiformis (Poir.) 
Ooststr.

Data not available to date

13. Aristolochia bracteolata Linn. Aristolochic acid

14. Bauhinia acuminata Linn. (ssential oils containinJ 3hytol� ȕ� Caryophyllene and Caryophyllene 
o[ide

15. Begonia barbata Wall. Data not available to date

16. Begonia silhetensis (A. DC.) C.B. 
Clarke

Data not available to date

17. Belamcanda chinensis (L.) DC. ,ridin� ,riJenin� ManJiferin� 5hamnocitrin

18. Breynia retusa (Dennst.) Alston Data not available to date

19. Calotropis procera (Ait.) Ait.f. ȕ�Amyrin� &alactin, &oroJlauciJenin and Yarious other cardenolides� 
&alotroposides +�1� �¶�(pi�uscharin� 3roceraside A 

20. Cassia alata L. &hrysophanol� (modin� 5hein� Aloe�emodin� &hrysophanic acid� 
.aempferol� 4uercetin� Myricetin

21. Casuarina equisetifolia L. Tannins� *allic acid� Yarious &atechol deriYatiYes� .aempferol� 
Quercetin

22. Centella asiatica (L.) Urb. Į�+umulene� Į�3inene� Į�Terpeneol� Asiatic acid� Asiaticoside� 
AstraJalin� ȕ�bisabolene� ȕ�carotene� ȕ�elemene� ȕ�sesTuiphellandrene� 
ȕ�6itosterol� %etulinic acid� delta�cadinene� )arnesol� *eraniol� 
,soTuercetin� .aempferol� Limonene� Linalool� Madecassoside� 
Myrcene� 1erol� 1erolidol� 4uercetin

Table 9.3 contd. …
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23. Citrus aurantifolia (Christm.) 
Swingle

�,��&ineole� �,��&ineole� ��Metho[y�3soralen� Į�3hellandrene� 
Į�3inene� Į�Terpenene, Į�Terpineol� %erJamottin� %erJapten� 
ȕ�%isabolene� ȕ�3inene� %orneol� ȕ�&aryophyllene� &itral� &itronellal� 
Ȗ�Terpinene� *eranial� ,mperatorin� ,soimperatorin� Linalool� Myrcene

24. Clausena suffruticosa Wight & 
Arn.

Coumarins, O- Methylheptaphylline , Capnolactone 

25. Clerodendrum indicum (L.) Kuntze. Scutellarein

26. Clerodendrum viscosum Vent. 4uercetin� ȕ�6itosterol

27. Cocos nucifera L. Amyrins� Į�Terpineol� ȕ�6itosterol� )erulic acid� *entisic acid� 
Limonene� Menthol

28. Curculigo recurvata Dryand. Data not available to date

29. &uscuWa reÀe[a 5o[b. %erJenin� ȕ�6itosterol� .aempferol� Luteolin� ManJiferin

30. Cyperus difformis L. Essential oil containing predominantly Cyperene and Cyperotundone

31. Deloni[ reJia (Bojer) Raf. Tannins

32. Dillenia indica L. %etulin� %etulinic Acid

33.  Dioscorea glabra 5o[b. Ferulic acid

34. Dioscorea pentaphylla L. Diosbulbin B

35. Dioscorea sp. 9arious sesTuiterpenoids, polysaccharides

36. Elephantopus scaber L. 'eo[yelephantopin� ,sodeo[yelephantopin� Lupeol

37. Erythrina variegata L. ȕ�6itosterol� (rysodine� (rysoYine� (rysotrine� (rythraline� 
2[yresYeratrol

38. Eupatorium odoratum L. ȕ�Amyrin� Lupeol� &hloroJenic acid� +e[acosanol� 2doratin

39. Euphorbia hirta L. Į�Amyrin� ȕ�Amyrin� ȕ�6itosterol� %etulin� &affeic acid� (llaJic acid� 
)erulic acid� *allic acid� .aempferol� p�&oumaric acid� 4uercetin� 
5hamnetin� Tannic acid

40. Globba marantina L. (ssential oil containinJ ȕ� &aryophyllene� Į� +umulene� �=� � 1erolidol� 
(Z, Z) - Farnesol 

41. Gymnopetalum cochinchinense 
(Lour.) Kurz.

Data not available to date

42. Hedyotis scandens 5o[b. Phenolic glycosides

43. FHoya parasitica Wall. Dihydrocanaric acid

44. Hyptis suaveolens (L.) Poit. �,��&ineole� Į�&adinol� Į�+umelene� Į�3hellandrene� Į�3inene� 
Į�Terpinene� Į�Terpineol� ȕ�3inene� %etulinic acid� %orneol� &amphene� 
&amphor� &aryophyllene o[ide� (lemene� )enchone� Ȗ�Terpinene� 
Limonene� Menthol� Myrcene� p�&ymene� Terpinen���ol� Terpinolene� 
Thymol

45. ,[ora SarYiÀora Vahl ȕ� 6itosterol� ȕ� 6itosterol� ȕ� '� Jlucoside� .aempferol� .aempferol� �� 2� 
Me ether� &hloroJenic acid � ApiJenin � 4uercetin � ApiJenin� �� 2� ȕ� D- 
Jlucopyranoside � 4uercetin� �� 2� ȕ� D- galactopyranoside 

46. Kalanchoe pinnata (Lam.) Pers. Į�Amyrin� ȕ�Amyrin� ȕ�6itosterol� &affeic acid� )erulic acid� )riedelin� 
.aempferol� p�&oumaric acid� 3atuletin� 4uercetin 

47. /yJodium Àe[uosum (L.) Sw. .aempferol� LyJodinolide� 4uercetin

48. Mikania cordata (Burm.f.) B.L. 
Rob.

'eo[ymikanolide

49. Mimosa pudica L. Mimosine� ȕ�Amyrin� ȕ�6itosterol

Table 9.3 contd.…
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50. Moghania macrophylla (Willd.) 
Kuntze

*enistein� ��+ydro[y *enistein

51. Morinda angustifolia 5o[b. �,��dihydro[y���methyl��,��dimetho[yanthraTuinone 

52. Mucuna gigantean (Willd.) DC. Data not available to date

53. Mussaenda corymbosa 5o[b. Data not available to date

54. Nymphaea nouchali Burm.f. *allic acid� Myricitrin� 1ymphalin

55. Ocimum americanum L. %etulinic acid� (straJole� Linalool� &ineole� &amphor� (uJenol� 
8rsolic acid� 5osmarinic acid

56. Opuntia dillenii Ker-Gawl. 2puntiol� 2puntioside� 3olysaccharides

57. Phyllanthus emblica L. ȕ�6itosterol� &orilaJin� (llaJic acid� *allic acid� *allic acid ethyl ester� 
.aempferol� Lupeol� 4uercetin� 5utin

58. Premna scandens 5o[b. Data not available to date

59. Psychotria calocarpa Kurz. Data not available to date

60. 6anseYieria ro[EurJhiana Schult. 
and Schult.f.

Protocatechuic acid

61. Sarcochlamys pulcherrima �5o[b.� 
Gaud.

Data not available to date

62. Scoparia dulcis L. %etulinic acid� &oi[ol� )riedelin

63. Selaginella decipiens Warb. Data not available to date

64. 6mila[ macroShylla Willd. Data not available to date

65. Solanum lasiocarpum Dunal Data not available to date

66. Solanum torvum Sw. Methyl caffeate� some steroidal Jlycosides such as TorYpreJnanosides 
A and %� TorYanol A

67. Spilanthes calva DC.

68. Spondias pinnata Kurz *allic acid� Methyl Jallate

69. Spondias cytherea Sonn. Data not available to date

70. 6ynedrella nodiÀora (L.) Gaertn. Data not available to date

71. Syzygium cumini (L.) Skeels %etulinic acid� *allic acid� �,��&ineole� Acetyl oleanolic acid� 
%erJenins� &affeic acid� &innamaldehyde� &itronellol� &yanidin 
diJlycoside� 'elphinidin���Jentiobioside� (llaJic acid� (uJenol� 
)erulic acid� ,soTuercetin� .aempferol� Linalool� MalYidin and 
malYidin deriYatiYes� Myricetin and myricetin deriYatiYes� Myrtenol� 
1erol� 1�hentriacontane� 3etunidin� 4uercetin� Terpinolene� 
Į�Terpenol� Į�Terpinene� ȕ�3hellandrene� ȕ�3inene� ȕ�6itosterol 

72. Tabernaemontana divaricata (L.) 
5. %r. 5o[b.

&oronaridine� &onophylline� �¶�5�6�hydro[yYoacamine� &onolidine� 
��,���dihydrotabernamine� ��,���dihydroerYahanine A. 

73. Tamarindus indica L. �±� (picatechin� Į�+umulene� Į�3inene� Į�Terpineol� ȕ�(lemene� 
ȕ�,onone� ȕ�3inene� ȕ�6itosterol� &arYacrol� &innamaldehyde� *eranial� 
*eraniol� +ordenine� ,soorientin� ,soYite[in� Limonene� Linalool� Methyl 
salicylate� Myrcene� Myristic acid� 1erol� 3iperitone� 6afrole� Terpinen�
��ol� 9ite[in

74. Terminalia bellirica (Gaertn.) 
5o[b.

ȕ�6itosterol� &orilaJin� (llaJic acid� (thyl Jallate� *allic acid� 
Phyllemblin

75. Terminalia chebula Retz. ȕ�6itosterol� &hebulaJic acid� &hebulinic acid� &orilaJin� 'aucosterol� 
(llaJic acid� *allic acid� p�&oumaric acid� 3unicalaJin� 3unicalin� 
4uercetin� 5utin� Terchebin

Serial No. Botanical name Notable bioactive phytochemicals
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76. ThunEerJia JrandiÀora 5o[b. ,ridoid Jlycosides � ,soundedoside and *randiÀoric acid 
Apigenin 7- glucuronide 

77. Thysanolaena ma[ima �5o[b.� 
Kuntze

Data not available to date

78. Trichosanthes tricuspidata Lour. Trichoterol� Tricuspidatin� ��2�Jlucocucurbitacin� Methyl palmitate� 
3almitic acid� 6uberic acid� Į�6pinasterol� Į�6pinasterol ��2�ȕ�'�
Jlucopyranoside� 6tiJmast���en���ȕ�ol���2�ȕ�'�Jlucopyranoside� 
*lyceryl���palmitate� *lyceryl���stearate� %ryonolic acid� 
&ucurbitacin %� ,socucurbitacin %� ��epi�,socucurbitacin %� 
��,���'ihydrocucurbitacin '� ,socucurbitacin '� &yclotricuspidosides 
A, B and C 

79. Urena lobata L. Clematoside-S

80. 9iWe[ neJundo L. ȕ�6itosterol� ȕ�6itosterol acetate� Luteolin� 9ite[in and its Jlycosides� 
Lyoniresinol� &hrysoplentin� 1eJundoside� 1eJundin %� %etulinic acid� 
Ursolic acid

81. Vitis pedata L. Data not available to date

82. Vitis pentagona �5o[b.� LaZson Data not available to date

83. =inJiEer oIficinale Roscoe ��*inJerol� ���*inJerol� ��*inJerol� ��6hoJaol� ��6hoJaol� 
Į�&urcumene� %orneol� �,��&ineole� ��Terpineol� ��dehydroJinJerdione� 
Į�&adinol� Į�&urumene� Į�3hellandrene� Į�3inene� Į�Terpinene� 
Į�Terpineol� Į�=inJiberene� ȕ�%isabolene� ȕ�(lemene� ȕ�(udesmol� 
ȕ�,onone� ȕ�3hellandrene� ȕ�3inene� ȕ�6esTuiphellandrene� ȕ�6itosterol� 
%orneol� %ornyl acetate� &affeic acid� &amphene� &amphor� &apsaicin� 
&aryophyllene� &hloroJenic acid� &itral� &itronellal� &itronellol� 
&urcumin� (uJenol� )arnesol� )erulic acid� *alanolactone� *eranial� 
*eraniol� ,soeuJenol� .aempferol� Limonene� Linalool� Myrcene� 
Myricetin� Myristic acid� 1erol� 1erolidol� p�&oumaric acid� p�&ymene� 
4uercetin� =inJerone

84. Ziziphus mauritiana Lam. %etulin� %etulinic acid� Mauritine L� Mauritine M� 1ummularines +, 
%� +emsine A

>6ources� https���phytochem.nal.usda.JoY� http���ZZZ.mpbd.info� 3ubMed �)ibers, amino acids, metal ions, Yitamins, fatty 
acids iJnored�� https���scifinder.cas.orJ. Blank ones represent no available information.] 

Serial No. Botanical name Notable bioactive phytochemicals
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�%o] ������ furthermore, it is reported to be hepatoprotectiYe and renoprotectiYe �Akdemir et al. �����. The 
compound has also been shown to induce apoptosis in HCT-15 colon cancer cells (Jaganathan et al. 2013).

Ocimum americanum L. 5osmarinic acid reportedly has antio[idant, anti�inÀammatory, anti�Yiral, 
photoprotective, anti-cancer, anti-depressant, and neuroprotective actions (Bhatt et al. 2013). Eugenol is 
antio[idant, anti�microbial, anti�cancer, and anti�inÀammatory �5aMa et al. �����.

Phyllanthus emblica L. &orilaJin is knoZn to be antio[idant, radioprotectiYe and anti�Yiral �6arin et 
al. ������ the compound has been reported to inhibit oYarian cancer �-ia et al. �����. &orilaJin also 
demonstrated anti�inÀammatory and antio[idatiYe effects in rat model of acute cholestasis �-in et al. �����.

6ansevieria roxburghiana Schult. and Schult.f. Protocatechuic acid has been reported to have  
anti�inÀammatory, antio[idant, anti�hyperJlycemia, anti�bacterial, anti�Yiral, anti�cancer, anti�aJinJ,  
anti-atherosclerotic, anti-tumoral, anti-asthma, anti-ulcer, anti-spasmodic and neurological properties 
(Khan et al. 2015).

Scoparia dulcis L. Friedelin has been described possessing anti-mycobacterial activity (Mann et al. 
������ anti�inÀammatory, analJesic, and anti�pyretic effects haYe also been described for this compound 
(Antonisamy et al. 2011).
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Syzygium cumini (L.) Skeels. %erJenins are antinociceptiYe, anti�arrhythmic, antio[idatiYe, anti�microbial, 
hepatoprotectiYe, anti�inÀammatory,proYidinJ protection aJainst Jastric ulcers, they also possess insulin 
enhancing,lipolytic, and enhances wound healing properties. Caffeic acid has anti-aging, anti-atherogenic, 
anti�carcinoJenic, anti�depressant, anti�edemic, anti�hepatoadenomic, anti�hepatoto[ic, anti�inÀammatory, 
anti-tumor, and vulnerary (wound-healing) properties. Cinnamaldehyde is an anti-hyperuricemic, 
acaricidal, anti-microbial, and anti-diabetic agent. Citronellol has demonstrated anti-bacterial, anti-viral, 
anti�spasmodic, and antio[idant actiYities. (uJenol is an acaricide, anti�conYulsant, anti�edemic, anti�
inÀammatory, anti�mitotic, anti�mutaJenic, antio[idant, anti�tumor, anti�bacterial, hepatoprotectiYe, and 
insecticidal. MalYidin has anti�neoplastic actiYities. Myrtenol is anti�insomnia, anti�malarial, antio[idant, 
anti-plasmodial, anti-thyreotropic, aphrodisiac, gonadotrophic, hypocholesterolemic and immunostimulant. 
Nerol is a sedative (Ramya et al. 2012).

Tamarindus indica L. E�3inene possesses anti�inÀammatory, antiseptic, candidicide, and insecticidal 
actiYities �5amya et al. �����. &arYacrol is an antio[idant, anti�bacterial, anti�funJal, anti�cancer and anti�
inÀammatory aJent� it also possesses hepatoprotectiYe, spasmolytic, and Yasorela[ant properties �6untres 
et al. �����. *eraniol is an anti�hyperJlycemic �%abukumar et al. �����. ,soYite[in is an anti�inÀammatory 
and antio[idant �LY et al. �����. 9ite[in has shoZn anti�inÀammatory, anti�o[idant, cardioprotectiYe, anti�
cancer, antinociceptive, anti-convulsant, memory enhancer, and anti-diabetic properties (Aslam et al. 2015).

Terminalia chebula Retz. Chebulagic acid is anti-hyperglycemic (Huang et al. 2012). Punicalagin(s) can 
be antio[idants, anti�cancer and haYe beneficial effects in cardioYascular disorders �TyaJi et al. �����.

Trichosanthes tricuspidata Lour. Tricuspidation may be a useful anti-cancer agent (Dhanabal et al. 2015). 
Spinasterol has analgesic properties (Brusco et al. 2017). Cucurbitacin B reportedly has anti-microbial, 
anti�cancer and anti�inÀammatory properties �&hunJ et al. �����.

Vitex negundo L. Lyoniresinol has stronJ antio[idant properties �*oYind �����. 1eJundoside is 
hepatoprotective (Sheikh et al. 2008).

=ingiber officinale Roscoe. *inJerols, shoJaols, and ]inJerone haYe antio[idant, anti�tumor, anti�
inÀammatory, analJesic, anti�microbial, and hepatoprotectiYe actiYities �5ahmani et al. �����. %orneol is 
antinociceptiYe and anti�inÀammatory �da 6ilYa Almeida et al. �����. D-Cadinol has insecticidal properties 
aJainst yelloZ feYer mosTuito larYae, anti�termitic actiYity, anti�funJal actiYity aJainst Candida versicolor 
and Laetiporus sulphureus, and Zas selectiYely cytoto[ic aJainst human colon adenocarcinoma �Leandro et 
al. 2012). Eugenol, D-pinene and E-pinene are known to inhibit growth of potential infectious endocarditis 
causinJ *ram�positiYe bacteria �Leite et al. �����. &aryophyllene can be a Jood antio[idant �MiJuel �����.

Conclusion

To conclude, the medicinal plants of the Khyang tribe contain multiple natural product metabolites that are 
knoZn to possess health�promotinJ, protectiYe and disease�fiJhtinJ properties. These aJents, oYer millennia 
have evolved diverse structural scaffolds, which may prove invaluable in drug discovery programs. It 
can readily be seen from Table 9.3, that many of the Khyang medicinal plants are as yet uncharacterized 
and putative bioactive components await discovery. Thus, these plants may potentially yield novel 
therapeutic components. It is also important to point out that because of the twin effects of globalization 
and encroachment on forest lands pose real threats, not only are habitats of these medicinal plants shrinking 
but also traditional medicinal practices and the knowledge of generation of Khyangs are at risk of being 
lost. It is therefore important to pay attention to the conservancy status of these medicinal plants.
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Management of Cardiovascular 

Diseases and Related Complications 

Using Traditional Herbs and Spices
Kavisha Mooroteea and Fawzi Mahomoodally*

Introduction

The :orld +ealth 2rJani]ation �:+2� defines cardioYascular diseases �&9's� as chronic disorders that 
affect the cardioYascular system, Zhich consist of the heart and blood Yessels runninJ throuJhout the body 
�:+2 �����. &9's are the leadinJ cause of mortality ZorldZide �:+2 ����� responsible for around 
��.� million deaths in ���� and it is predicted that by ����, the death toll Zill escalate up to ��.� million 
�:+2 ����, :+2 �����.

(stimated direct and indirect costs of &9's in the 8nited 6tates are Jreater than 86���� billion. 
&ardioYascular diseases impose direct costs includinJ hospital and nursinJ home serYices, professional 
fees, prescription druJs, and transportation costs spent to Yisit healthcare proYiders and indirect costs 
includinJ costs incurred because of disability and loss of productiYity due to absence from Zork �5oJer 
and colleaJues �����. 

6ome of the common types of &9's and related complications include ischaemic heart disease, 
cerebroYascular disease, chronic rheumatic heart disease, hypertensiYe disease, hyperlipidemia, pulmonary 
heart disease, diseases of the blood Yessels, and other forms of heart diseases �:+2 �����.

,schaemic +eart 'isease �,+'� also called &oronary +eart 'isease �&+'� is caused Zhen the coronary 
arteries present on the surface of the heart are narroZed and blocked due to fatty material deposition. As a 
result, the heart muscle does not Jet enouJh blood and o[yJen supply to meet its metabolic demands. ,+' 
can thus lead to anJina pectoris, heart attack, and heart failure �ThyJesen et al. �����. ,+' Zas found to 
be the leadinJ Jlobal cause of mortality and life�years lost in ���� �Murray et al. �����.

The :+2 definition of cerebroYascular disease Jenerally termed as stroke is a clinical syndrome 
characteri]ed by rapidly deYelopinJ siJns of focal or Jlobal disturbance of cerebral functions lastinJ lonJer 
than �� hours or resultinJ in mortality Zith no apparent causes other that of Yascular oriJin �(leftheriou �����.
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6troke is the third leadinJ cause of mortality ZorldZide responsible for more than � million deaths 
annually �(leftheriou �����. 

The tZo maMor types of stroke are�

 � ,schemic stroke Zhich occurs Zhen a blood Yessel �artery� carryinJ blood to the brain is blocked due 
to atherosclerosis preYentinJ blood from reachinJ the brain and the brain tissue dies due to lack of 
o[yJen �Torbey and %hardZaM �����.

 � %rain haemorrhaJe Zhich occurs Zhen a brain artery bursts causinJ blood to leak into the brain 
tissue �'upont et al. �����.

&hronic 5heumatic +eart 'isease �5+'� is a common form of heart disease caused by infection. 
*roup A Streptococcus bacteria infects the throat Zhich leads to Acute 5heumatic )eYer �A5)� and finally 
to 5+'. &hronic 5+' permanently affects the heart YalYes of a person and can lead to heart failure, sudden 
cardiac death, atrial fibrillation, and embolic stroke in the future �Mackay et al. ����, .han and Mensah 
�����. AccordinJ to :+2, 5+' is responsible for around �.�� of deaths yearly �:+2 'epartment of 
&hild and Adolescent +ealth and 'eYelopment ����, .han and Mensah �����.

+ypertension also called hiJh %lood 3ressure �%3� is a chronic disorder in Zhich the %3 in the arteries 
is aboYe normal �Tabassum and Ahmad 2011�. ,t affects more than � billion people Jlobally �&hobanian 
et al. �����.

TZo main types of hypertension are knoZn Zhich include� 

 � (ssential hypertension� ,t is the most common one affectinJ �� to ��� of hypertensiYe patients 
Zithout a knoZn cause but there are many factors such as nutrition, aJe, lifestyle, neurohumoral 
actiYity, and interactions that increase the risk of acTuirinJ essential hypertension �Tabassum and 
Ahmad 2011).

 � 6econdary hypertension� ,t affects �±��� of hypertensiYe patients and has a Zell�established cause 
such as diabetes and renal damaJe and therefore is more likely to be manaJed compared to essential 
hypertension �Tabassum and Ahmad 2011).

+yperlipidemia refers to raised blood lipid concentration. (leYation in LoZ 'ensity Lipoproteins 
�L'L�, cholesterol �esters deriYatiYes� and triJlycerides are primarily responsible for hyperlipidemia. These 
lipids are coupled Zith blood plasma proteins and remain in the dissolYed state in the blood. The main reason 
for hyperlipidemia is faulty lipid metabolism Zhich is caused by the defect in the actiYity of lipoprotein 
lipase en]yme or lack of the surface Apoprotein &�,,. 'ifferent types of hyperlipidemia e[ist dependinJ 
on Zhich lipid leYels are hiJh in the blood �1irosha et al. �����. )or instance, hypercholesterolemia results 
Zhen there is a hiJh leYel of cholesterol, Zhereas hypertriJlyceridemia results Zhen there is a hiJh amount 
of triJlycerides, the most common form of fat.

The main focus of this chapter is to proYide an oYerYieZ of common cardioYascular diseases and to 
hiJhliJht the potential of traditional medicines, particularly herbs and spices, in the manaJement of &9's 
and related complications.

Risk factors associated with cardiovascular diseases

9arious risk factors contribute to deYelopinJ &9's and these risk factors may be classified as either non 
modifiable or modifiable. 1on modifiable risk factors are conditions that cannot be chanJed Zhereas 
modifiable risk factors are conditions that can be altered throuJh lifestyle chanJes �%uttar et al. �����. 

 � 1on modifiaEle risN factors
  AJe, heredity or Jenetic makeup, and type � diabetes are classified as non�modifiable risk factors. 

AJe is a process of Zear and tear the body underJoes Zith time makinJ a person more susceptible 
to chronic diseases such as &9's. )urther aJeinJ makes the body e[posed to multiple stressors and 
o[idatiYe stress Zhich cause harm to the body. AccordinJ to epidemioloJical research, people Zith 
a family history of heart disease are more Yulnerable to deYelop &9's. MoreoYer, a type � diabetic 
has abnormal fat metabolism and impaired Jlucose tolerance increasinJ the risk of deYelopinJ &9's 
�%uttar et al. �����. 



Herbs and Spices for Cardiovascular Diseases ���

 � 0odifiaEle risN factors
  1ine maMor modifiable risk factors for &9's Zhich are tobacco smokinJ, e[cessiYe alcohol, lack of 

physical actiYity, poor nutrition, obesity, hypertension, hiJh amount of dietary fat, and hiJh blood 
suJar leYel Zere identified by the &anadian +eart and 6troke )oundation in ���� �+eart and 6troke 
)oundation ����, cited %uttar et al. �����. Also, sudden stress, recurrent miJraine, and the use of 
oral contraceptiYes Zere linked Zith &9's �%uttar et al. �����.

Traditional medicine

The :+2 stated that Traditional Medicine �TM� refers to health practices, approaches, knoZledJe, and 
beliefs encompassinJ animal and mineral based medicines, spiritual therapies, manual techniTues, and 
e[ercises applied sinJularly or in amalJamation to cure, diaJnose, and preYent diseases or to restore Jood 
health �:+2 �����. 

+erbal medicines haYe subsisted throuJhout the Zorld Zith a prolonJed recorded history since the 
prehistoric period. +erbs Zere used in ancient &hinese, *reek, (Jyptian, and ,ndian medicine for seYeral 
remedial purposes. +oZeYer, the 1atiYe Americans and Africans use them in their healinJ rituals as a part 
of their culture. The traditional ,ndian system has incorporated herbs as one of its most potent therapeutic 
components, Zhich are documented in the literature such as 9edas and 6amhitas �(hrlich �����.

,n the early ��th century, scientists had access to chemical analysis methods and thus they isolated 
and modified actiYe constituents from the herbs, resultinJ in transition from raZ herbals to artificial 
pharmaceuticals. 'urinJ that phase, there Zas a fall in the use of medicinal herbs �(hrlich �����. +oZeYer, 
artificial pharmaceuticals Zere relatiYely more costly and Jenerated many unZanted side effects despite their 
poZerful pharmacoloJical actiYity. This is Zhy noZadays both consumers and the scientific community 
are shiftinJ back to herbal medicines, Zhich are deriYed from the nature and claim to be safer �2reaJba 
et al. 2011).

Use of traditional medicine worldwide

6ince the beJinninJ of mankind, TM larJely medicinal herbs and spices haYe been used to manaJe ailments. 
8ndoubtedly, they are still beinJ utili]ed for prophylactic and curatiYe purposes all throuJhout the Zorld. 
TM has sustained its popularity in all areas of the deYelopinJ Zorld. AccordinJ to :+2, ��� of ,ndians 
rely on TM for their primary health care needs. ,n &hina, TM accounts for about ��� of all health care 
proYided and more than ��� of Jeneral hospitals in &hina haYe units for TM �:+2 ����, )iJ. ��.��. 

)iJ� ���� 3opulations usinJ TM�&AM ZorldZide.
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1onetheless, use of TM is not limited to deYelopinJ countries only and its use is rapidly spreadinJ in 
deYeloped countries. ,n the 8nited 6tates, ��� million adults depend on natural remedies and accordinJ 
to the 86A &ommission for AlternatiYe and &omplementary medicines, 86 ��� billion Zere e[pended 
on TM in ���� �:+2 �����.

)actors inÀuencing use of traditional medicine

There is no denyinJ to the clear�cut fact that use of TM is JroZinJ ZorldZide and public interest in 
traditional remedies has been ascribed to Yarious factors includinJ�

 � loZer cost and feZer side effects compared to allopathic druJs
 � stronJ perception on the safety and efficacy of TM
 � burden of diseases and failure of conYentional treatment
 � family tradition or culture
 � reJional biodiYersity

Systems of traditional medicine

ThrouJhout history, a Yariety of TM systems haYe been deYeloped and the preYailinJ conditions, 
enYironment, and JeoJraphic area affect the philosophy and practices of each system �:+2 �����. The 
main systems of TM include Traditional &hinese Medicine �T&M�, traditional ,ndian medicine, Traditional 
Arabic Medicine �TAM�, and traditional African medicine �TAM�. 

 � Traditional Chinese medicine
  Traditional &hinese medicine oriJinated from &hina and has a history of seYeral thousands of years 

(;utian et al. ����, :achtel�*alor and %en]ie �����. <in and <anJ is an important theory in T&M as 
it is the foundation of diaJnosis and treatment Zhich are based on a holistic YieZ. T&M incorporates 
a ranJe of practices such as herbal medicines �Ginkgo biloba, Allium sativum, and Panax ginseng�, 
acupuncture, mo[ibustion, mind�body e[ercises, and massaJe Zhich are beinJ used ZorldZide for 
supportinJ Jood health and for prophyla[is of ailments �:achtel�*alor and %en]ie �����. 

 � Traditional Indian medicine
  Traditional ,ndian medicine also knoZn as AyurYeda oriJinated years aJo in ,ndia �3rasad, ����� 

and is a uniTue and distinct health care system due to its uniYersal and holistic approach. This 
system emphasi]es on liYinJ in harmony Zith the 8niYerse Zhich constitutes fiYe basic elements 
namely (arth, :ater, )ire, Air, and 6pace. AlonJ Zith these fiYe elements, AyurYeda also uses herbs 
(Curcuma longa, Magnifera indica, and Phyllanthus emblica�, massaJe, diet, yoJa, and deto[ification 
for sustaininJ physical, psycholoJical, philosophical, ethical, and spiritual Zell�beinJ of mankind 
and maintaininJ Jood health �.urup ����, 5aYishankar and 6hukla �����.

 � Traditional $raEic medicine
  Traditional Arabic medicine also knoZn as 8nani medicine or *reco�Arab medicine oriJinated in 

*reece and Zas deYeloped by Arabs and 3ersians into an elaborate medical science. 8nani system of 
medicine aims at treatinJ the Zhole body, the mind, and the soul. This system is based on hippocratic 
theory of four humors� blood, phleJm, yelloZ bile, and black bile Zhich haYe different temperaments� 
hot, cold, Zet, and dry �5ahman et al. �����. ,n 8nani, techniTues such as reJimental therapy �,laM�
bil�Tadbeer�, diet therapy �,laM�bil�*hi]a�, massaJe �'alak�, pharmacotherapy �,laM�bid�'aZa�, and 
surJery �-arahat� are used for health rehabilitation �Ahmed et al. 2014). 

 � Traditional $frican medicine
  Traditional African medicine is the most ancient and maybe the most Yaried of all medicinal systems. 

Africa is reJarded as the cradle of mankind Zith a substantial natural and cultural diYersity marked 
by reJional differences in curatiYe practices �*urib�)akim �����. African traditional medicine in 
its diYerse forms is holistic consistinJ of the body and the mind. The traditional healer Jenerally 
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identifies and treats the psycholoJical basis of a disease prior to prescribinJ medicines to cure the 
symptoms �*urib�)akim ����, *urib�)akim et al. �����. 

AccordinJ to Mahomoodally ������, tZo siJnificant reasons adYocate the continuous enthusiasm in 
TM in the African healthcare system, primarily�

 �. 'eficient access to conYentional prescriptions and Zestern types of medications, Zhereby access 
to modern medical care cannot be afforded by most people in Africa either in liJht of the fact that 
it is too e[pensiYe or on the Jrounds that there are no medical serYice proYiders.

 �. Absence of poZerful modern medical treatment for some sicknesses such as, malaria and�or +,9�
A,'6, Zhich inordinately inÀuence Africa more than other areas in the Zorld althouJh ZorldZide 
in distribution.

6ome of the commonly used African medicinal plants include Acacia senegal, Aloe ferox, Artemisia 
herba-alba, Aspalathus linearis, Centella asiatica, Catharanthus roseus, Cyclopia genistoides, 
Harpagophytum procumbens, Momordica charantia, and Pelargonium sidoides. 

5egulation of herbal medicines

+erbal medicines are normally sold as food supplements, but there is a lack of a standard reJulatory 
frameZork in different countries thereby impedinJ the international trade and e[pansion of the herbal 
products seJment. The present laZ in 8nited 6tates, &anada, and (urope could be used to direct the leJal 
features of the herbal medicine industry in other countries �%en]ie and :achtel�*alor �����.

,n the 8nited 6tates, under the 'ietary 6upplement +ealth and (ducation Act �'6+(A� of ����, 
herbal medicines, Zhich are cateJori]ed as dietary supplements, are assumed safe, and do not reTuire 
authori]ation from the )ood and 'ruJ Administration �)'A� for safety and effectiYeness before they are 
marketed. 1eYertheless, a dietary supplement manufacturer or distributor of a supplement Zith a ³neZ 
dietary inJredient´ may need to Jo across premarket reYieZ for safety and other data. ,n addition, all 
domestic and foreiJn companies that produce packaJe labels or hold dietary supplements must obey the 
)'A¶s onJoinJ *ood ManufacturinJ 3ractice �*M3� reJulations, Zhich outline procedures for ascertaininJ 
the Tuality of supplements planned for sale �)'A ����, Gao 2010).

,n &anada, herbal remedies and traditional medicines for instance, AyurYedic medicine, must folloZ 
the natural health products reJulations. The reJulations command that a manufacturer, packer, labeller or 
importer reTuire a preliminary reJistration Zith +ealth &anada prior to startinJ any such actiYity. Also, 
*M3s must be employed to make sure that the product is safe and of Jood Tuality. This reTuires that 
suitable standards and practices apropos the manufacture, storaJe, handlinJ, and distribution of natural 
health products be met �%en]ie and :achtel�*alor ����, +ealth &anada �����.

,n (urope, the (uropean 'irectiYe ��������(& proYides instructions for herbal medicines usaJe. 
The directiYe establishes that herbal medicines released on the market reTuire approYal by the national 
reJulatory authorities of each (uropean country. Also, suitable use of these products is due to eYidence 
of safety and efficacy �&alapai ����). 

Standardization of herbal medicines

Traditional herbs and spices are beinJ used as medicines since time immemorial. The Zidespread use of 
herbal medicines and issues reJardinJ their safety and efficacy has indisputably increased the need of 
standardi]ation of these medicines. *uidelines Zhich are set by the :+2 are utili]ed as a standard by most 
countries. The standardi]ation inYolYes the e[ternal �macroscopy�microscopy� and internal e[amination�ash 
Yalues, e[tractiYe Yalues and many other parameters to identify, Yerify, and study its chemical composition. 
6tandardi]ation of the therapeutic Àora Zill ascertain indirectly that the Àora is protected for their medicinal 
and nutritiYe Yalue. 6tandardi]ation affirms the safety of the therapeutic ta[a but effectiYeness has to be 
determined clinically or in the laboratory �3radhan et al. �����.
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Phytotherapy and its importance

3hytotherapy or herbalism considered as beinJ the Zorld¶s oldest medical practice used by our ancestors 
to treat their illnesses is still utili]ed today by many cultures for medicinal purposes. +erbal medicines 
inYolYe herbs, herbal materials, herbal preparations, and finished herbal products that contain plants or 
parts of plants rich in actiYe inJredients Zhich are responsible for disease manaJement �:+2 ����, 
LaelaJo et al. �����. 

,t is appro[imated that almost ��� of the medicinal Àora used Jlobally Zere included from traditional 
medicine. ,n ,ndia, around ��� of current pharmaceuticals are discoYered from natural resources and 
a larJe number of other man�made analoJues has been made from prototype compounds isolated from 
botanicals �6en et al. ����, 3an et al. �����.

To date, around ��� of cardioYascular druJs are obtained from plant sources. ,n the year ���� to 
����, �� druJs of natural oriJin Zere accepted in the 8nited 6tates, and clinical assays on more than ��� 
natural product�based druJs are onJoinJ �3an et al. �����. 

A larJe number of plants are used in traditional ,ndian medicine. ,t Zas appro[imated that AyurYeda 
utili]es ���� to ���� plants, 6iddha uses ��� to ��� plants, 8nani inYolYes ��� to ��� plants, and Amchi 
utili]es ��� plants �)iJ. ��.��. ,nterestinJly, folk healers of ,ndia practice more than ���� therapeutic Àora 
in different medicines �6en and &hakraborty ����, 'ebnath et al. �����. 
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Traditional ,ndian medicines

)iJ� ���� AYeraJe number of plants used by Traditional ,ndian medicines.

3olyherbal formulation and its importance

3olyherbal formulations �3+)� refer to the combination of Yarious medicinal herbs and their actiYe 
constituents to Jain additional therapeutic efficacy, usually knoZn as polyherbalism �3arasuraman et 
al. �����. Abana is a polyherbal AyurYedic formulation containinJ seYeral herbs such as Terminalia 
arjuna, Withania somnifera, and =inJiEer oIficinale to name a feZ, Zhich protect aJainst hypertensiYe 
and coronary heart diseases �6heela and 6hyamala �����. This positiYe herb�herb interaction is called 
synerJism Zhereby poly�herbalism proYides some adYantaJes that are absent in sinJle herbal formulation 
�3arasuraman et al. �����. 

TZo types of synerJism are knoZn namely pharmacokinetic synerJism Zhich occurs Zhen an 
herb helps in facilitatinJ the absorption, distribution, metabolism, or elimination of other herbs and 
pharmacodynamic synerJism Zhich occurs Zhen actiYe phytochemical constituents haYinJ the same 
medicinal actiYity act at the same receptor sites. 3+) act on multiple tarJets simultaneously to relief people 
from symptoms caused by diseases �&horJade ����, 3arasuraman et al. �����.
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2Yerall, efficacy, safety, loZ cost, ubiTuity, and better acceptance made 3+) a desirable therapeutic 
alternatiYe Zhich is beinJ used Jlobally �3arasuraman et al. �����. 

Safety issues of traditional medicine

AlthouJh TMs are natural remedies and haYe been used since ancient times, this does not imply that they 
are alZays safe. ,nappropriate use of TMs or practices can cause serious health problems particularly Zhen 
used in concomitance Zith conYentional druJs, they may reduce the effectiYeness of allopathic druJs and 
eYen cause serious druJ�herb interactions �TachMian et al. �����. )urthermore, intrinsic or e[trinsic to[icity 
of some herbs can produce harmful effects. (phedra, Aristolochia, and Aconitum herbs are knoZn to cause 
adYerse reactions upon administration �=hanJ et al. �����.

Also, factors such as lack of scientific eYidence of safety and effectiYeness, Tuality control, and 
reJulatory surYeillance haYe been identified Zhich complicate the use of TMs �6hi and .lot] ����, 
6urooZan and Mahomoodally ����� and therefore, there is a need to conduct further research in the field 
of TMs in order to deal Zith these challenJes.

0echanism of action of some traditional used herbs/spices for &9Ds

Welsh onion

:elsh onion ($llium fisWulosum� is e[tensiYely JroZn in southern &hina. )istular onion stalk, deriYed from 
Zelsh onion, leads to a reduction in the aYeraJe inMured area of atherosclerosis and protects the Yascular 
Zall and immune cell infiltration. ,n addition, the crude e[tract decreases the amount of the inÀammatory 
cytokines interleukin � beta �,L��ȕ�, ,L��, Monocyte &hemotactic 3rotein ��M&3��, and tumour necrosis 
factor alpha �T1)Į� and suppresses the local actiYity of the rennin�anJiotensin�aldosterone system in the 
aortic tissue. Also, treatment Zith the e[tract represses Yarious local inÀammatory siJnallinJ pathZays 
by blockinJ its actiYation, includinJ phosphorylation of the nuclear factor kappa % �1)ț%�, -anus kinase�
siJnal transducers and actiYators of transcription and mitoJen�actiYated protein kinase pathZays �He et al. 
2014�. These facts demonstrate that fistular onion stalk e[tract may be helpful in reducinJ atherosclerosis, 
and the mechanism inYolYes the reJulation of the local inÀammatory responses.

&hinese ginseng

The root of &hinese JinsenJ �Panax notoginseng�, knoZn as 6anTi, 6anchi or TianTi in (ast Asian countries, 
has been identified oYer �� Yariants accordinJ to distinct substitute patterns. )iYe primary saponins namely 
5�, 5b�, 5J�, 5d, and 5e, represent ��� of the total JinsenJ employed in pharmacoloJical e[periments. 
The protectiYe effect of JinsenJ in cardiac inMury has been demonstrated in numerous studies. ,t ameliorates 
rats¶ heart function eYidenced by left Yentricular eMection fractions, left Yentricular fractional shorteninJ, 
left Yentricular dimensions at end diastole and left Yentricular dimensions at end systole �&hen et al. ����).
)urthermore, it diminishes infarction si]e and blood leYel of creatine kinase in rats Zith myocardial ischemia 
(<ue et al. ����, Han et al.�����. ,n addition, it loZers blood leYels of lactate dehydroJenase, cardiac 
troponin ,, malondialdehyde, and Yarious cytokines, includinJ T1)�Į, ,L��ȕ and &�reactiYe protein �Han 
et al. �����. These studies reYeal the curatiYe potentials of JinsenJ for myocardial infarction. 

Hawthorn

The hypolipidemic effect of haZthorn �Crataegus) has been e[plored larJely in animal studies. A 
decrement in blood lipid Zas obserYed upon oral administration of a Zhole haZthorn e[tract at a dosaJe of  
��� mJ�kJ�day for � days in hiJh�fat diets fed mice �1iu et al. �����. Then, the specific effects of aTueous 
and ethanolic haZthorn e[tracts on lipid profiles Zere compared. ,n a hiJh�fat emulsion fed mice, both 
ethanol and aTueous e[tracts held anti�hyperlipidemic properties and the ethanol e[tract displayed more 
faYourable effects than the aTueous e[tract �6hao et al. �����. This hypolipidemic effect of haZthorn 
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mainly contributes to suppression of the deYelopment of atherosclerosis Zhich Zas eYidenced by the 
siJnificantly hindered patholoJical alterations and decreased intima�media thickness in the arteries 
(=hanJ et al.�����. ThorouJh inYestiJation indicated that the anti�hyperlipidemic action may be due to 
the anti�inÀammation actiYities, increase in 3ero[isome 3roliferator�ActiYated 5eceptor alpha �33A5Į� 
to ease ȕ�o[idation�related en]ymes in the liYer resultinJ in fat breakdoZn, Jreater e[pression of hepatic 
L'L receptors leadinJ to a larJer entry of blood cholesterol into the liYer, and the suppressed cholesterol 
production and enhanced breakdoZn of cholesterol to bile acids �1iu et al. ����, :alden and Tomlinson, 
2011, =hanJ et al. ����, 6hao et al. ����). 

Saffron

6affron �Crocus sativus) is a stemless plant Zhose medicinal properties haYe been souJht for more than ���� 
years �6riYastaYa et al. 2010�. 6affron¶s key inJredients include crocin, picrocrocin, safranal, and crocetin 
�6riYastaYa et al. 2010, Mehdi]adeh et al. ����� and these compounds JiYe rise to distinct mechanisms 
of action �Mokhtari�=aer et al. �����. The anti�hypertensiYe benefits of saffron are supported by Yarious 
reports. AccordinJ to a clinical study, one Zeek administration of ��� mJ of saffron tablets loZered the 
6ystolic %lood 3ressure �6%3� and Mean Arterial %lood 3ressure �MA%3� in healthy participants by �� 
and � mm+J, respectiYely �ModaJheJh et al. ����).

6affron e[hibits Yasorela[ant actiYities in distinct animal models. ([tracts of saffron petals decreased 
the %3 of male 6praJue�'aZley rats in a dose dependent Zay, most probably by reJulatinJ peripheral 
Yascular resistance �)atehi et al. �����. )urthermore, saffron stiJma e[tract, and tZo of its main constituents, 
crocin and safranal, reduced the effect of MA%3 in normotensiYe and deso[ycorticosterone acetate 
�'2&A��salt induced hypertensiYe male :istar rats �,menshahidi et al. 2010). 

6affron also rela[es non�Yascular muscles. ([tracts of saffron reduced contractility and cardiac 
rate of Juinea�piJ isolated perfused hearts by inhibitinJ &a2+ channels, openinJ potassium channels, and 
antagoni]inJ ȕ�adrenoceptors �%oskabady et al. �����. MoreoYer, safranal proYides protection in a rat 
model of myocardial ischemia�reperfusion lesion throuJh enhanced phosphorylation of protein kinase % 
�Akt��JlycoJen synthase kinase��ȕ �*6.��ȕ��e126 pathZay, ZeakeninJ of the actiYity of ,..�ȕ�1)�ț%, 
maintaininJ normal antio[idant reserYe and up�reJulatinJ the anti�apoptotic pathZay �%harti et al. 2012).

&hinese goldthread 

&hinese Joldthread �Coptis chinensis�, is e[tensiYely utili]ed in &hinese folk medicine �Affuso et al. 2010). 
ThrouJh eYidence, Joldthread, and its prime inJredient, %erberine �%%5�, are capable of loZerinJ blood 
pressure �Affuso et al. 2010, ;ionJ et al. ����). 

9arious mechanisms haYe been suJJested for &hinese Joldthread¶s hypotensiYe effect. 2ne of Zhich 
seems to be throuJh enhancement of o[idatiYe stress �=hanJ et al. 2011, :an et al. �����. %%5 is knoZn 
to scaYenJe 526, block 1A'3+ o[idase �:an et al. �����, and upreJulate the antio[idant en]yme, 
supero[ide dimustase �62'�, in rats Zith atherosclerotic renoYascular disease.

&onstituents of Joldthread also act by rela[inJ arterial tissues throuJh endothelial�dependent and 
independent routes �Affuso et al. 2010�. ,n chronic intermittent hypobaric hypo[ic and normo[ic animal 
models, Joldthread has been shoZn to rela[ norepinephrine�induced contractions in rat isolated thoracic 
aortic rinJs �=hanJ et al. 2011�. The same authors also reported %%5¶s Yasorela[ant actiYity on .&l�
induced contractions usinJ the same models �=hanJ et al. 2011).

Apparently, %%5 eleYates the e[pression of endothelial 1itric 2[ide 6ynthase �e126� Zith a 
concomitant rise in 12 release that leads to enhanced ÀoZ�mediated Yasodilation �Affuso et al. 2010, =hanJ 
et al. 2011�. This dilation is likely mediated by the Yasodilator prostaJlandin ,2�3*,2) as Zell as the openinJ 
of .AT3 channels and blockaJe of &a2+ inÀu[ �=hanJ et al. 2011�. ,n a clinical study, %%5 decreased the 
formation of endothelial microparticles �(M3s� Zhich are knoZn to induce endothelial dysfunction and 
pro�coaJulant actiYity in healthy humans �:anJ et al. ����, Affuso et al. 2010�. ,n addition, %%5 isolate of 
&hinese Joldthread inhibits endothelial inMury �:anJ et al. ����� modulates inÀammatory pathZays throuJh 
suppression of transcription factor 1)�ț%, 9ascular &ell Adhesion Molecule � �9&AM��� e[pression, 
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9ascular 6mooth Muscle &ells �96M&� proliferation �Affuso et al. 2010, :an et al. �����. ,t also improYes 
lipid profile by reducinJ total and L'L cholesterol, and cardiac muscle hypertrophy �=hanJ et al. 2011).

Green tea

Green tea (Camellia sinensis� leaf catechins �*T&� are actiYe polyphenolic compounds that proYide Yascular 
protectiYe effects throuJh seYeral mechanisms, namely antio[idatiYe, lipid loZerinJ and anti�inÀammatory 
effects �9elayutham et al. �����. (nYironmental pollutants and certain medications may increase the 
amount of 5eactiYe 2[yJen 6pecies �526� Zhich lead to Yascular damaJe and deYelopment of other 
circulatory diseases such as atherosclerosis, ischaemic heart disease, hypertension, cardiomyopathies, 
cardiac hypertrophy and conJestiYe heart failure. ,n this case, consumption of *T& increases the actiYity 
of antio[idant en]ymes such as catalase and supero[ide dismutase Zhich play key roles in scaYenJinJ 
526 �9elayutham et al. �����. MoreoYer, hiJh blood lipid leYels contribute to proJression of atherosclerotic 
plaTues and therefore intake of *T& preYents the action of the main en]ymes playinJ a role in the 
biosynthesis of lipid and also decreases the ability of the intestine to absorb lipid thereby improYinJ 
blood lipid profile �9elayutham et al. �����. *T& inhibits Yascular inÀammation Zhich is inYolYed 
in the deYelopment of atherosclerotic lesions. *T& presents anti�inÀammatory actiYity by preYentinJ 
adhesion of Zhite blood cells to endothelium and subseTuent transmiJration Yia suppression of 1)�k% 
Zhich plays a role in the synthesis of cytokines and adhesion molecules in endothelial and inÀammatory 
cells  �9elayutham et al. �����.

Turmeric

Turmeric �&urcuma longa� is an ,ndian spice Zith a briJht yelloZ chemical knoZn as curcumin Zhich has 
cardioprotectiYe effects. &urcumin inÀuences Jenes leadinJ to cardiac repair and cardiac function folloZinJ 
a heart attack. AccordinJ to a study in the American -ournal of &ardioloJy in ����, curcumin possibly 
minimi]es post�bypass heart attack risk by ��� �)uture 3harm �����. Turmeric is a Jreat remedy for 
atherosclerosis because it has the potential to loZer blood cholesterol leYels and as such minimi]inJ the risk 
of plaTue build�up in the arteries. Turmeric preYents atherosclerosis by the folloZinJ effects �6inJh ������

 � &urcumin preYents build�up of arterial plaTues and arterial blockaJe by inhibitinJ L'L cholesterol 
o[idation in the body.

 � Turmeric functions as a Yasodilator causinJ dilation of the blood Yessels and therefore reduces the 
probability of blockaJe. MoreoYer, turmeric is capable of preYentinJ aJJreJation of blood platelets 
and blocks the formation of blood clots.

 � Turmeric possesses anti�inÀammatory properties and thereby inhibits inÀammatory deposits on the 
internal Zalls of the blood Yessels.

 � Turmeric has antio[idant properties Zhich aid decreased formation of hiJhly reactiYe free radicals 
so as to stop further inÀammation.

 � Turmeric preYents the absorption of cholesterol in the Jut thus suppressinJ L'L cholesterol o[idation 
in the lininJ of the blood Yessels. 

)uture prospects of herbal medicine

'espite the JroZinJ use and rapid�JroZinJ market of medicinal herbs in both deYelopinJ and industriali]ed 
countries, policy�makers, health professionals, and the public are hiJhly concerned about the safety, efficacy, 
Tuality, aYailability, conserYation, and any deYelopment issues of these herbal products �*hani �����.

The public demands for authentication on the safety, efficacy, and Tuality of herbal medicines. 
Therefore, to minimi]e these concerns and to meet the demands of the public, thorouJh studies on medicinal 
herbs need to be carried out not solely for their considerable healthcare Yalue but also for the commercial 
adYantaJes. ,nterestinJly, Tuite in�depth phytochemical and pharmacoloJical inYestiJations on medicinal 
herbs are beinJ done ZorldZide and efforts are onJoinJ to separate and identify their actiYe chemical 
components and to substantiate the claims of their efficacy and safety. ,t has been demonstrated that herbal 
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medicines are not fully Zithout scientific basis as maMority hold the proper chemical constituents and e[ert 
the claimed actiYity �*hani �����. 

There is stronJ scientific eYidence from randomi]ed clinical studies for use of seYeral medicinal 
herbs. ,n spite of the concerns and the demands of the public, there is still an increase in the trend of usinJ 
herbal therapies and is likely to rise furthermore in the future Zith more and more scientific eYidence of 
their Tuality, efficacy and safety cominJ from the inYestiJators �*hani �����.

+oZeYer, the production, sale, and use of herbal medicines should be officially and leJally modulated to 
ensure Tuality and safety by established rules and reJulations. ,n most countries, reJulations and reJistration 
of therapeutic herbs are less deYeloped and their Tuality is not assured. Therefore, they should be brouJht 
under leJal control in all countries Zhere they are employed for curatiYe purposes and attempts should be 
made to make the public aZare of the Jains and danJers of herbal medicines usaJe. 

Appropriate use of herbal medicine of µJuaranteed Tuality¶ Zill definitely lead to beneficial therapeutic 
effects on the consumers and loZer the risks associated Zith them. MoreoYer, use of adulterated herbal 
inJredients and improper formulation must come to a standstill as they may cause production of poor�Tuality 
and danJerous herbal medicines. Therefore, rules and reJulations of *M3 should be firmly folloZed in 
herbal medicines production. :ith reJard to the aboYe data, it may be safely deducted that herbal medicines 
possess Jood upcominJ prospects and hopefully one day they may come out as Jood substitutes or better 
alternatiYes for man�made conYentional medicines �*hani �����. 

&onclusion

Traditional medicine use amonJ cardioYascular patients is preYalent, Zith medicinal herbs and spices 
beinJ the most freTuently used remedies. 1onetheless, despite the success of conYentional medicines in 
appeasinJ the sufferinJ of cardioYascular patients further to improYinJ the Tuality of life of sufferers, they 
are not deYoid of unZanted side�effects. +ence, interest in TMs has been reMuYenated Zhich are presumed 
to be safer than allopathic druJs. (Yen thouJh herbal medicines are useful, many of them lack careful 
scientific eYaluation and this dearth of aZareness may eYentually lead to to[icity, herb�druJ interactions, 
side effects, and other issues. Therefore, it is recommended that all stakeholders Moin hands toJether in order 
to improYe the oYerall research Tuality of herbal medicines. As a conclusiYe note, this chapter proYides 
thorouJh information on the techniTues by Zhich medicinal plants act to preYent &9's. ,t is anticipated 
that these facts Zill open noYel aYenues to discoYer useful neZ druJs to allay sufferinJs.
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Use of Ethnomedicinal Plants in 

Primary Health Care
Nélida Soria Rey

Introduction 

The World Health Organization (WHO) considers Natural and Traditional Medicine, which includes the 
treatment with ethnomedicinal plants, as the most natural, safe and effective medicine. WHO, therefore, 
supports Member States in promoting the use of Traditional Medicines in Primary Health Care (PHC), 
on the basis of ensuring the safety and quality of the medicine, while recommending professionals and 
consumers to use ethnomedicinal plants properly because they could be effective as first-line treatment and 
prevention for conditions such as colds, diarrhea, stomach pains, mild fevers, minor wounds, metabolic 
and other diseases (Del Toro Garcia and Trapero Quintana 2007).

In recent years, numerous studies have been carried out to define the species used by different human 
populations to analyze their possible inclusion in Primary Health Care (PHC). The results show that the uses 
of plant depend on the groups studied and the habitat where communities develop. In a broad perspective, 
herbal medicine can and should be considered as the shared knowledge and interaction between cultural 
resources, natural resources and the preservation of biodiversity. In the Latin American context, the 
experiences applied from an intercultural perspective have generally been characterized by a disconnect 
of health care treatments from the rest of the societal problems, such as links with the social and economic 
structure. Ancestral medicine veers away from the generally accepted definition of a modern health care 
system (Almeida Vera and Almeida Vera 2014).

Although ethnomedicinal plants are used by over 90% of the population in developing countries, 
their incorporation into PHC is still relegated due to the barriers of health systems, services and personnel, 
and it is uncommon to integrate in the same service, traditional and allopathic medicines. Thus, many 
professionals in allopathic medicine, even in countries with a strong history of ethnomedicinal plant 
use, such as Latin American countries, express great reservations and often serious disbeliefs about the 
benefits of Traditional Medicine (WHO 2002–2005). Nonetheless, different ethnomedicinal plants make 
a significant contribution to the health system of many local communities, as they are frequently used by 
the majority of the rural population and have contributed to experimental studies in the search for safety 
and effectiveness (Angulo et al. 2012).

It is clear that curative and preventive treatments based on ethnomedicinal plants are the most popular 
form of traditional medicine and have prevailed over time through oral transmission (Flores 2008). 
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Therefore, one of the current challenges consists in its incorporation within the PHC, for which constant 
training for the general consumer market and for health care professionals. This training is necessary to 
finally fulfill one of the fundamental strategies of PHC: their integration with the community in a process 
of interculturality.

In this chapter, we analyze the parameters that influence the safe and effective use of medicinal plants 
in primary care, considering that this medicine is affordable to all. 

Natural medicine

For centuries, humans have sought out the flora of their surroundings, not only for food but also medicine 
for diseases that afflicted them. The plants used were almost always related to their environment, and for 
the said reason they identified numerous medicinal species they used for the cure of their illnesses.

Many of them continue in the present, as for example “aloe” (Aloe vera) or “ajenjo (wormwood)” 
(Artemisia absinthium) to which over time properties are added, the result of studies carried out.

The spread of knowledge related to the pharmacological uses of ethnomedicinal plants is generally 
transmitted orally. Sometimes there is no scientific evidence that allows its use in a safe and effective way. 
Environmental changes that have taken place globally, such as increasing population in urban areas, led 
to the modification of the natural habitat and contributed to the disappearance of species and the use of 
others with the same common name, but without proof that it has the same effect as that attributed to the 
other species. Climate change also exerts strong pressure and modifies the floristic composition making 
species considered medicinal by the population disappear.

In addition borders between countries have disappeared and people move freely from one country 
to another with their “natural medicines”. When they are abroad, people substitute their natural medicine 
with another one that displays similar medicinal properties, using the same common name, thus expanding 
the number of species used as medicinal.

All these factors contribute to the fact that the number of medicinal species continues to increase, and, 
in general, we move away from the proposal of the WHO that states: “to contemplate culturally recognized 
products and practices as a complement to the provision of local health services and to consider to the 
public health systems of their Member States that are fundamental in determining and facilitating access 
to safe practices and products” (WHO 2013), because the species used as medicinal are replaced without 
evidence of their effectiveness and safety by which we cannot assure that the results of the use of the plant 
is harmless for human consumption.

So, we can no longer speak of “traditional use of a species” or its “harmless” action, because, as 
mentioned, plants are marketed by their common names and the species are different from those used 
previously, producing different responses. In Table 11.1 we mention some species that are replaced by 
others because they have the same common name. 

The number of medicinal species that are marketed as medicinal is increasing and the sites in which 
these products are acquired. Thus, extending the concept that they are not only medicines but also fulfill 
functions of food and that therefore can be sold anywhere outside of the traditional field of medicine, which 

Table 11.1 Example of species that are replaced by each other.

Generic name Species with the same common name

“Katuava” Anemopaegma arvense (Vell.) Stellfeld ex Souza (Bignoniaceae)
Psidium cinereum var. paraguariensis (Myrtaceae)

“clover” Oxalis sp. (Oxalidaceae)
Amburana cearensis (Allemão) A.C. Sm. (Leguminosae)

“Francisco Álvarez” Luehea divaricata Mart. (Tiliaceae)
Banara arguta Briq. (Flacourtiaceae)

“tiger hand” -ungia floribunda Less. (Asteraceae)
Tithonia diversifolia (Hemsl.) A. Gray (Asteraceae)

“Cañafístula” Cassia grandis L. f (Leguminosae)
&assia fistula L. (Leguminosae)
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are pharmacies, such as herbalists, dieticians, naturist stores and informal fairs or street stalls complicating 
their legal control and the quality of the product offered to the consumer (Acosta et al. 2017).

Although ethnomedicinal plants are effective in primary care and as a first-line medication in stomach 
conditions, small wounds, control of metabolic diseases (hypertension, diabetes, others), this occurs only 
when the species used are those with the secondary metabolites that act on these ailments. For this reason, 
replacing one species for another makes primary care professionals hesitant to prescribe herbal medicines.

We must not forget that many times the uses attributed to medicinal species have been empirical. 
Traditionally, the shape of the plant’s organ was related with the organ of the human body in which it 
would exert its action. This scheme has varied and currently the use is related not only to morphology but 
also to flavors or odors, for example, when plants have bitter tastes they are used to combat the increase 
of glucose in the blood, starting from the assumption that bitter is opposed to sweet.

All of the above leads us to indicate that the use of ethnomedicinal plants is possible in PHC if the 
parameters that allow their safe and effective use are respected.

(fficacy and safety

The efficacy and safety of ethnomedicinal plants is based on three fundamental pillars that can guarantee 
their innocuousness:

 1)  the taxonomic identity assures us, which species is used as medicinal. It is based on taxonomy and 
includes micrographic methods to certify the identity of the species used,

 2)  the habitat from which it comes, that is to say its origin or provenance,
 3)  the dose used, because people have a false idea that excessive consumption does not produce toxic 

effects, thinking that the medicine by being natural does not produce negative effects and they can 
consume the amount they want (Fig. 11.1).

Figure 11.1 Parameters for theefficacy and safety of the use of medical plants.Figure 11.1 Parameters for the efficacy and safety of the use of medical plants.

Taxonomic and micro graphical identification of plants

Ethnomedicinal plants should be marketed by their scientific names ensuring that they are the same species 
to obtain similar therapeutic responses depending on the medical conditions for which they are used. 

The common names with which the species are known may vary from country to country, from region 
to region, so therapeutic responses may be different, and marketing by the common name may lead to 
confusion or adulteration, substitutions that can be intentional or not and this constitutes a major problem 
because it can affect the efficacy of medicinal products and diminish credibility regarding the use of plants 
as a basic medicine in primary health care (Pocchettino et al. 2008).

Although the most frequently used medicinal organ is the leaf, when the bark, root or rhizome is 
used, determining the identity of the species becomes complicated and it is common to substitute one 
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species for another since there are few regulations related to the controls prior to the commercialization 
of plant organs and when these are sliced or pulverized is even further complicated. For this reason, it is 
necessary to start working with micrographic patterns to ensure the identity of the species that are used.

That is to say, for the identification of the medicinal species the tools provided by the taxonomy 
are not sufficient, since in the taxonomy the floral/fruit organs of the species are used for the taxonomic 
identification; in popular medicine, organs of the species are used that are cut, sliced, pulverized, then 
one must look for other methods to assure the identity. That is, when you have a part of the plant, the 
taxonomy can contribute little or nothing to identify the plant species. This is where plant micrograph is 
of great importance, since it not only contributes the histological parameters that characterize the plant or 
part of the plant used as medicinal, it also allows the identification and characterization of vegetal powders.

On the other hand, since ethnomedicinal plants are generally harvested from their natural habitat, 
confusions can occur, with the substitution of one species for another, especially when the collection 
is done by people without sufficient knowledge and taking into account only the characteristics, which 
may be similar between two species; that is to say, it could be replaced by scientific ignorance. Also, 
the substitution can be carried out premeditated, for example the intentional substitution to increase the 
volume of the species that is commercialized. Consequently, the importance of marketing ethnomedicinal 
plants should be encouraged by the scientific name, supported by controls that certify the identity of what 
is sold (Degen et al. 2005).

There are numerous examples of adulteration or falsification of medicinal plants; we mentioned 
some that can help us understand this problem. The “cangorosa” Maytenus ilicifolia (Celastraceae), has 
thorny leaves and can be confused and replaced by species of Sorocea bonplandii (Moraceae), Jodina 
rhombifolia (Santalaceae), also Tithonia diversifolia (Asteraceae) and -ungia floribunda (Asteraceae) 
that have similar leaves can confuse one with another. That is to say they are morphologically similar, 
to differentiate them, it is necessary to carry out taxonomic and micrographic studies that analyze the 
histological characters that allow the separation of the species (Alonso and Desmarchelier 2007). These 
species used in folk medicine as a stomach protector, to combat metabolic conditions, although there are 
few studies related to their effectiveness.

In addition, the use of ethnomedicinal plants from the traditional medicines of India or China, which 
is completely unknown to western people, is becoming increasingly common, without the corresponding 
controls that could ensure the efficacy of these products (Veiga Junior et al. 2005), and in general the 
histological parameters for identification are unknown which makes it difficult to identify species.

According to WHO (2003) reporting of adverse effects related to the use of herbal medicine increased 
due to the poor quality of them, especially the medicinal plant raw materials and the idea of the general 
population that the plants are harmless. As mentioned before, people believe there are no adverse effects 
and they can consume as much and as long as they want. It has been acknowledged, therefore, that not 
enough attention has been given to guaranteeing and controlling the quality of herbal medicines, making 
it difficult to use this type of medicine in PHC.

For all of the above, we can affirm that the quality and efficiency of the plants starts with the correct 
identification of the species by its Latin name. While the standardization of ethnomedicinal plants can 
be a more complex task, because they contain complex mixtures and the constituents responsible for the 
effects are often unknown, assuming that they act together.

As mentioned in natural medicine the plant’s organ is used, not the entire plant, therefore it is necessary 
to have physical patterns where the macroscopic characteristics of the medicinal plant materials, such as 
shape, size, color, surface characteristics, texture, characteristics of the fracture and appearance of the cut 
surface. However, since these characteristics are judged subjectively and the substitutes or adulterants 
may resemble the genuine material a lot, it is necessary to corroborate the findings by microscopy and/or 
physical-chemical analysis, and then the plant histology constitutes the adequate tool for the identification 
of the drug.

All this leads us to think that the update of the Herbal Pharmacopeia becomes a necessity because 
our medicine is based on the consumption of ethnomedicinal plants, and in this chapter, we write the 
characteristics of the organs used as medicine and the identification techniques. Microscopic inspection 
of medicinal plant materials is indispensable for the identification of powdered materials. The sample 
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may require studies using chemical reactive and these procedures should be recorded in the monographs 
of each of the species included in the Pharmacopoeias. It is important to remember that a microscopic 
examination alone may not always provide complete identification, although when used in association with 
other analytical methods it can often provide supporting evidence for sample identification (WHO 2005).

Thus, the botanical identity of the plant based drug must be given by the scientific name (genus, 
species, subspecies or variety, author and family) and the organ considered as medicinal must be described 
in detail, it may be important in addition to register the common names in the local language, if any. 

In addition, specimens of ethnomedicinal plants should be collected and prepared in the form of a 
herbarium for their preservation, ensuring that they include all the organs required for accurate identification: 
flowers, fruits, seeds, roots and normal leaves, which should serve as patterns for their correct identification 
(OMS, UICN, WWF 1993).

This must be supported by the histological descriptions of the medicinal organ and the composition 
of the powder of the vegetal drug, that is to say we need patterns of the genuine species to base the 
comparisons and identification.

2rigin of medicinal species� natural habitat and cultivation

Ethnomedicinal plants for commercialization are extracted from their natural habitat or cultivated. In almost 
all countries of Latin America, ethnomedicinal plants come mostly from their natural habitat, and few 
are grown, probably due to the lack of knowledge of agricultural techniques for production. The species 
introduced and acclimated, in general, the conditions for their cultivation are known and it is important 
to remember that the ethnomedicinal plants constitute a significant commercial field, the reason why the 
extensive exploitation of the species can take them to the limit of the extinction (WHO 2003).

On the other hand, numerous efforts have made in recent years to draw attention to the problems nature 
faces because of deforestation and the destruction of ecosystems, mainly due to anthropogenic actions. 
The loss of biodiversity with the consequent disappearance of species depends on factors associated with 
common economic and social problems in developing countries. The disorderly growth of populations 
due to urban and rural development without adequate planning processes causes pressures on available 
natural resources. On the other hand, overexploitation, livestock, industrialization, construction of road 
infrastructures and other characteristics have contributed significantly to the processes of extinction. 
In addition, as we know, the problems that affect the conservation of biodiversity contribute to the 
disappearance of species considered medicinal and in many cases, are replaced by others with similar 
characteristics.

As already mentioned, in some Latin American countries, the number of plants used for medicinal 
purposes is increasing, Basualdo et al. (2003, 2004) mentioned that in Paraguay, in their capital and in 
the metropolitan areas, 266 species are traded for medicinal purposes, used to combat, prevent or cure 
57 diseases; Pin et al. (2009) cited 500 medicinal species used for preventive and therapeutic purposes. 

These lists include species introduced, acclimatized and native, not to mention the origin that is if they 
come from crops or are extracted from their natural habitat. In other countries of the Americas, there is a 
similar situation, in Colombia, according to Duque Villegas (2003), from 100 to 243 medicinal and aromatic 
species are sold in the marketplaces of the city of Bogotá; of them, between 50 and 60% correspond to 
native species (it is not known if they are wild or cultivated), while 20 and 40% are naturalized, coming 
from other places.

One of the most frequent problems when collecting medicinal species from wild populations is the 
confusion of species and when the “originals” are replaced with other species or parts of other plants due 
to incorrect identification. Sometimes the substitution may be intended to increase the volume of marketing 
and with the certainty that the user will not perceive the difference. 

Another problem that we mention when we talk about quality is the contamination with agrotoxics 
because it is close to agricultural production sites on a large scale, where it is sometimes fumigated, even 
using small airplanes so that the product used reaches all cultivated areas. These circumstances may 
adversely affect the safety of products and cause health problems in people who consume these herbs. 
This type of contamination occurs in natural or cultured populations.
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The safety and quality of medicinal vegetable raw materials and finished products made from this 
raw material depends on factors that can be classified as intrinsic (genetic) or extrinsic (species selection, 
harvesting methods, cultivation, harvesting, post-harvest processing, transportation and storage practices) 
(Fig. 11.2). Inadvertent contamination by microbial or chemical agents during any stage of production 
may also compromise the safety and quality (WHO 2003). 

As mentioned above, obtaining the raw material from its natural habitat can produce the substitution 
with native species similar to the one harvested, an example is “yerba mate” Ilex paraguayensis 
(Aquifoliaceae), a species used to prepare mate, cooked mate, a brew that is made with the leaves of the 
species mentioned, and is used as food in the southern part of Latin America, Paraguay, Brazil, Argentina, 
Uruguay. Natural populations called “yerbales” when harvested were adulterated with other species in a 
fraudulent way to increase the amount for commercialization (Keller and Giberti 2011, Horianski et al. 
2012). 

The cultivation of ethnomedicinal plants for use as raw material offers the advantage that it is 
possible to know which species is cultivated, that is to say, the taxonomic identity, the genetic traits and 
the pharmacognostic factors are handled, which determine the best moment for the collection of the raw 
material, that is to say when it has more quantity and quality of its secondary metabolites.

In addition, by cultivating selected species, extrinsic factors can be managed to obtain abundant raw 
material, which is homogeneous and of high quality. It is possible to control some of the variables that 
affect the production (nutrient supply to the soil, pest control, humidity) and, therefore, to improve the yield 
in active principles. In crops, in general, plants develop in the same way, which facilitates the collection, 
drying and in some cases the extraction process (WHO 2005).

Knowing the harvesting period is fundamental to obtain good quality raw material, ethnomedicinal 
plants should be harvested during the optimum season or period to ensure obtainment of the appropriate 
secondary metabolites of the best possible quality. The harvesting season depends on the part of the plant 
to be used. In addition, it is known that the concentration of components with biological activity, as well 
as that of the undesired secondary metabolites, varies according to the stage of growth and development 
of the plant, for example when harvesting flower, it is good to it collect early in the morning, before they 
fully open. That is to say, the best time to harvest (the optimum season and times of day) can be managed 
according to the quality and quantity of the components with biological activity, and not only the total 
yield in vegetal matter of the parts of the ethnomedicinal plants subject to production.

Fig. 11.2 Factors that influence the safety and quality of plant material.

Microbial contamination
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During the harvest, care must be taken to prevent foreign matter, other herbs and toxic plants from 
mixing with the harvested plant material. Ethnomedicinal plants should be harvested in the best possible 
conditions, in the absence of dew, rain and exceptionally high humidity levels. If the harvest is carried 
out in wet conditions, the harvested material must be transported immediately to a drying plant under the 
roof to accelerate drying and thus avoid the possible detrimental effects of high humidity levels, which 
encourage microbial fermentation and molding, decreasing the quality of the raw material (WHO 2003).

0icrobial contamination

Bacterial or fungal contamination of ethnomedicinal plants represent a serious problem because of the risk 
involved for the health of the patient and for the economic losses generated when they are raw material for 
the production of pharmaceuticals, food or cosmetics. This type of contamination is closely linked to the 
supply chain, where some part of the process fails to obtain products that deviate from the characteristics 
of what is sought. 

Inappropriate values of microbial contamination are often due to a poor drying or storage process, 
which can lead to both the proliferation of pathogens and the production of toxins of different nature 
(aflatoxins, E. coli enterotoxin) that are capable of causing serious complications in users (Vanaclocha 
and Cañigueral 2006).

Microbiological control has two very important aspects: 

 1. Hygienic and Sanitary Quality, that is to say that the raw materials do not contain pathogenic 
microorganisms for human health.

 2.  Commercial quality, that the raw material does not present characteristics that make it unsuitable 
for its use.

As stated, microbiological control is an important part of the quality of ethnomedicinal plants used 
in primary care. 

&onservation of medicinal species

As mentioned, for marketing, ethnomedicinal plants are harvested from their natural habitat. According 
to Soria and Basualdo (2015), 67% of the plants mentioned as medicinal in Paraguay, come from their 
natural habitat, while only 33% is cultivated, so the conservation of these plants is an aspect that must be 
addressed, since extensive and uncontrolled extraction may jeopardize the sustainability of species over 
time. In addition to the factors that affect the conservation of the species, there is another one, directly 
linked to the medicinal organ used; so, when the root, rhizome or part of them is used, the plant must be 
extracted completely even if only a part of these subterranean organs is used. 

This contributes to the overexploitation to which they are submitted for commercial use, especially, 
when they constitute raw material of some herbal medicine, in more industrialized processes for the 
pharmaceutical, food, cosmetic industry. The development of policies for the conservation of species in 
general, and of medicinal species in particular, becomes a necessity, for which studies should be carried 
out to determine the degree of threat of each of the species that could be used in PHC.

The conservation status of native species is a global concern. It is necessary to understand the potential 
threat of survival for species before entering a cropping program. Therefore, it is recommended that prior 
to their use in the PHC; a count of raw material quantity is conducted to ensure sustained effectiveness 
of a cropping program.

Due to the concern for species conservation, the Strategic Plan for Biological Conservation 2010–2020 
and Aichi’s goal number 12 propose that “by 2020 the extinction of identified endangered species would 
have been avoided and their conservation status would have been improved and sustained, especially 
for the most declining species” and indicates the need to identify species at risk of extinction (Soria and 
Basualdo 2015).

Conservation of ethnomedicinal plants is a major risk due to the lack of knowledge we have about 
them. In order to effectively use and conserve ethnomedicinal plants, it is essential to know precisely 
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the information about the species, what the correct scientific name is, the number of individuals in the 
population, whether the extraction is done from their natural habitat, and the distribution of the population. 
There is no known accepted global list of ethnomedicinal plants that are used today. Many ethnomedicinal 
plants are poorly identified. For this and other reasons, any national program on the use and conservation 
of ethnomedicinal plants should include an herbarium specimen conservation mechanism that allows the 
identification of ethnomedicinal plants in the country, their distribution and their scarcity or abundance. 

Dosage

In general, medicinal herbs are prepared in infusion or decoction for their consumption, the procedure is 
very important for the extraction of the active substances contained in them. When it comes to soft organs 
(leaf, flower, and aerial), the preparation is done by means of infusion, that is to say the water is boiled 
and it is fed on the vegetable, sometimes it is recommended to cover to avoid that the essential oils to be 
vaporized. When a hard part is used (bark, stem, root, and seed) it is boiled in the water for some minutes 
that can vary between five or ten, the resulting liquid is filtered and the decoction obtained is drunk. In 
general, the amount of the plant to be used depends on the plant organ used and the amount of water 
used is related to the contents of a 150 ml cup (Table 11.2). The extracted product is very little with this 
procedure (Tyler and Robbers 2003, ANVISA 2011).

With regard to species activity, it is important to remember that the use of plants may interact with 
allopathic drugs. There are studies showing that the simultaneous consumption of medicine and organs, 
parts or products coming from ethnomedicinal plants may lead to interactions, which further motivates 
the need to recognize that plants should be treated as medicine. It is important to know the attitudes of 
users and health personnel regarding the consumption of ethnomedicinal plants as a medicine (Rodríguez 
Ramos 2014).

In general, in Latin American countries, with a strong tradition in the use of ethnomedicinal plants, 
99% of the population that goes to the health services, admit they use ethnomedicinal plants for medicinal 
or preventive purposes, although in general they do not inform health personnel of their use because they 
consider that consumption is harmless. It is important to remember that this medicine constitutes the only 
form of traditional medicine widely accepted by the population in all countries of Latin America.

One of the current trends in medicine has been to incorporate Traditional Medicine into professional 
practice, not as an alternative method motivated by economic causes, but as a scientific discipline that 
must be studied, perfected and developed permanently, for its ethical and scientific advantages, because 
it constitutes a means of recovering the cultural heritage of the people, which is in danger of disappearing 
with the advance of “modern medicine” (Torres and Quintana 2004). 

All of the above leads us to mention that public policies, which favor multidisciplinary investigations 
in ethnomedicinal plants, are needed, prior to their use in primary care to ensure the use of a more effective 
and low-cost medicine.

Table 11.2 Relationship of plant organ/grams/mL of water.

Vegetable drug Weight in grams mL

Dry leaves 3–4 150

Inflorescence 6–9 100

Roots, bark 2–5 100

Flowers 1–3 150

Fruit peel 6 150

Aerial part 2–5 150 
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 (xamples of effects of Moint use of plants and allopathic drugs

In recent years, adverse effects related to the use of plants in conjunction with medicinal allopathic have 
increased. Let us look at some examples. When antidepressant treatment and concomitant use of medicinal 
species as “St. John’s wort” also known as “wort” (Hypericum sp., Clusiaceae), a drug popularly used as 
an antidepressant, can cause complications such as decreasing the antidepressant effects of the chemical 
drug and also provoke contrary effects to those sought and induce a strong anxiety in the users. In addition, 
this herb is photosensitizing in animals and although there are no studies for humans, it is recommended 
that people not be exposed to sunlight (Tyler and Robbers 2003).

Valerian (9aleriana officinalis L., Caprifoliaceae), popularly used as a sleep inducer, sedative, moderate 
tranquilizer, used in conjunction with barbiturates, benzodiazepines and/or alcohol can cause intestinal 
bleeding, potentiate the action of barbiturates and reduce symptoms of abstinence from benzodiazepines.

In addition, the use of anti-coagulants can also be affected by the consumption of ethnomedicinal 
plants, such as ginger (Zingiber officinale L., Zingiberaceae), which can cause hemorrhages caused by 
its consumption, considering that this plant is used in food as spice for its flavor. It can also produce high 
blood pressure.

The Ginkgo biloba L., is a species considered as a living fossil. It is the only living representative of 
the Ginkgoaceae family of the order of the Ginkgoales; this species coexisted with dinosaurs, in the Jurassic 
era from where it comes to our days maintaining its medicinal properties, i.e., preventing and fighting the 
effects of strokes, stimulating circulation, is also considered to be an antioxidant and anti-inflammatory. 
This species should not be consumed along with antidepressants, anticoagulants, aspirin, warfarin, 
eparin and it is recommended that epileptics do not use it. The reported side effects are interference with 
serotonin, production of greater bleeding by potentiating the effect of anticoagulants, stomach discomfort, 
and migraine.

Also, the “confrei” (6ymphytum officinale L. Boraginaceae), a species that is used in traditional 
medicine for healing effect, possesses pyrrolizidinic alkaloids which are hepatotoxic and can produce 
carcinogenic cells. After several cases of death caused by cirrhosis resulting from veno-occlusive liver 
disease triggered by these alkaloids, the use of this species was banned by the WHO plant safety agencies.

There are other species that produce undesirable effects due to its secondary metabolites, such as 
Senecio grisebacchii Baker (Asteraceae) that is used in the traditional medicine to “renew the blood”, 
coinciding with beginning of the month of August, end of the winter, in the southern hemisphere, this 
species possesses pyrrolizidine alkaloids that cause hepatic damages. Likewise, “jurubeba”, Solanum 
paniculatum L. (Solanaceae), can cause irritation of the gastrointestinal mucosa. Likewise, Aristolochia 
species are attributed with diuretic and anti-infective properties in the urinary tract, antirheumatic, sedative 
and sometimes is part of slimming preparations. Among its secondary metabolites, it has the aristolochic 
acid, consumption of which can cause renal problems (Arango Toro 2005).

“Salvia”, Lippia alba (Mill.) N.E. Br. ex Britton & P. Wilson (Verbenaceae), has shown good results 
for its use as an antispasmodic, hypotensive and high dose has not reported toxic effects or intolerance. 
It has experimentally demonstrated analgesic, hypotensive, smooth muscle relaxant, and anti-fungal 
activities against Candida albicans .This last action validates the uses in cases of infections where this 
microorganism is involved. The other tested effects act in a beneficial way in the baths given to women 
during the puerperium. The combination of Lippia alba extract and paracetamol in rabbits increases the 
toxic effect of paracetamol on the liver, so it should not be administered in conjunction with this drug 
(Argueta and Cano 1994, Gonzalez and Naranjo 2000).

&are group� 3regnant women, infants, children, and the elderly persons

In relation to the side effects that ethnomedicinal plants may have, pregnant women, infants and children 
under two years should avoid the consumption of ethnomedicinal plants, especially when there is no safety 
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study. Nursing mothers run the risk that the drug may pass even though it is in small proportion to the child 
through milk, and because the organs of the babies are not yet fully strengthened, can cause adverse effects.

There is also another important group of users: the elderly. Due to their age kidney functions decreases, 
difficulty in the absorption, distribution and elimination of secondary metabolites of the plants, which can 
lead to poisoning, frequently confused because people assume that products of plant origin are “harmless”. 

(thnomedicinal plants in 3rimary +ealth &are

Everything mentioned, leads us to understand that when we talk about ethnomedicinal plants in primary 
care, we are talking about medicines and therefore we must consider and manage them as such respecting 
the parameters that allow us to use them in first line treatment and prevention, especially in the initial phases 
of colds, diarrhea, stomach pains, epidermal problems, mild fevers, metabolic diseases (hypertension, type 
II diabetes and other metabolic diseases), and is also a form of affordable, accessible and available care 
(Soria and Ramos 2015). 

So, which plants meet the requirements for use in PHC?
Many drugs come from traditional medicine and have been used for centuries, providing some 

assurance of their safety, mainly when acute toxicity is concerned. Probably, that ancestral use has 
contributed to rooting in the population the generalized perception that natural is synonymous of harmless. 
However, although plant drugs and derivatives often have a broad therapeutic range, they are not exempt 
from possible adverse effects, interactions and contraindications. Hence, the evaluation of their safety 
should be carried out with the criteria applied to other medicinal products and should be supported, 
whenever possible, in the existence of relevant scientific documentation on their toxicity, side effects, 
interactions, and contraindications. Many species have passed the test of efficacy and safety and could be 
used as a base drug; it is convenient to remember that these species have a recommended dose and that 
their indiscriminate use can cause adverse effects. 

Let us look at some examples of ethnomedicinal plants that could be used in primary care, as long as 
the parameters for safety and efficacy to which we referred in this chapter are respected: 

“Aloe” Aloe saponaria Haw. (Asphodelaceae), is a species used since antiquity. It is mentioned in the 
Bible, is native to North Africa and introduced in America, where it is grown in abundance. In external use, 
it can help healing wounds, for which the mucilage of the fresh leaf on the wound is allowed to drain. It 
can also be used to treat zits, acne, eczema, ulcers, itching of the skin, treatment to be repeated 3–4 times 
a day. The adverse effect reported was photosensitivity and contact dermatitis (Alonso 2004). 

“Boldo, false boldo” Plectranthus barbatus Andrews (Lamiaceae), the aromatic leaves of this species are 
used as digestive medicine. It is recommended not to administer to people with hypertension, carriers of 
obstruction of the bile ducts, patients who use drugs for the central nervous system; can lower blood pressure 
and cause gastric irritation. Consumed with allopathic products such as metronidazole or disulfiram can 
decrease the effects of these drugs. It should not be used by pregnant women, infants and children under 
2 years of age (Anvisa 2011).

“Boldo” Peumus boldus Molina (Monimiaceae). This species is used in hepatic, vesicular ailments and it 
is used for its digestive properties. At the usual doses 2–3 g of dry leaf in 150 mL of water, boldo infusion 
is well tolerated. However, because of its choleretic action, it should not be used in cases of obstruction 
of the bile ducts or in severe liver diseases. Some of the active ingredients have oxytocin activity and 
should not be given to pregnant women. Neither should be administered to children younger than 2 years 
(Alonso 2004). 

“Cangorosa” Maytenus ilicifolia Mart. ex Reissek (Celastraceae), the blending of the leaves and the root 
bark is used to combat dyspepsia, heartburn, gastritis. It is prepared in infusion of 3–5 g of dry drug in 
150 mL of water or 5–7 g of root bark in 200 mL water and it is drunk right after main meals. Pregnant 
women, infants and children under 2 years should not consume it. Prolonged use can cause nausea and/
or a strange taste in the mouth (Sharapin et al. 2006).
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“Guayaba” Psidium guajava L. (Myrtaceae), the leaves are used to treat pharyngitis and in external use to 
wash wounds, for which the decoction of 50 g of fresh leaves in 1 L of water is prepared and the wounds 
are washed 3 times per day. To treat pharyngitis the person must gargle up to 3 times a day, without 
swallowing. Use for short periods, no more than 30 days. Do not administer to pregnant women, infants 
and children under 2 years of age (WHO 2010).

“Kava kava” Piper methysticum G. Forst. (Piperaceae), is used in alternative medicine in the treatment of 
anxiety, insomnia, depression, attention deficit disorder, and has shown positive results when used in the 
prevention of withdrawal symptoms sedatives from medicines like Valium, Xanax and others. Continued 
use of this species can affect the liver and lead to hepatitis, cirrhosis and liver failure. The use of this 
species is considered unsafe, especially because of the abuse of it. People do not limit their use to the 
recommended dose (Alonso 2004).

“Guaco” Mikania glomerata Spreng. (Asteraceae), the leaves are used as an expectorant, according to 
the form published by ANVISA of Brasil (2011), boil 150 mL of water, pour on 3 g of dry leaf, and drink 
twice day. Do not use with non-steroidal anti-inflammatory drugs, as their use may interfere with blood 
clotting. Higher than recommended doses can cause vomiting and diarrhea.

The leaf of sour orange Citrus auriantium L. (Rutaceae) is used in traditional medicine as antispasmodic 
and sedative. In external use to combat foot odors, 10–15 g of fresh leaves are squeezed, macerated in cold 
water and drank during the day. The decoction of 50 g/l of leaves boiled in water for 10 minutes is used 
to wash the feet daily, decreasing the odor. It is not recommended to administrate it to pregnant women, 
infants and children under 2 years (ANVISA 2011).

“Fennel, hinojo” Foeniculum vulgare L. (Apiaceae), is used as digestive, carminative and diuretic. It is 
prepared in infusion, 2–3 g of seed in 150–200 mL of water and 2 cups a day is drunk after main meals. 
Recommended doses do not produce adverse effects. High doses have demonstrated to have the emenagogo 
effect, for which reason it should not be administered during pregnancy and the lactation period. The 
essential oil can cause, in doses greater than 1 ml, convulsive or hallucinogenic effects. Do not administer 
to children under 2 years of age. Do not consume for prolonged periods, that is to say for more than three 
months on an ongoing basis. The aqueous extract can produce photosensitivity, so sunbathing is not 
recommended when drinking the infusion of this species.

“Breaking stone” Phyllanthus niruri L. (Euphorbiaceae), the aerial part of the plant is used as a diuretic 
and to combat kidney stones. An infusion of 3–4 g is prepared in 150 mL and is drunk up to 3 cups a day. 
It is not recommended to use it in prolonged treatments since it can produce diarrhea, hypotension and 
marked diuresis. It is not advisable to administer it to pregnant women, infants and children under 2 years 
of age (ANVISA 2011).

The species Scoparia dulcis L. (Plantaginaceae) is used in popular medicine as digestive medicine; 
studies show that the species has antispasmodic effect in stomach cramps. There are still few studies 
regarding the toxic effects, but it is believed that it could potentiate the effect of barbiturates and act as 
a selective inhibitor of serotonin reuptake. There are numerous studies related to the use of this species 
for its antidiabetic action for which it has shown promising effects (De Farias Freire et al. 1993, Pari and 
Latha 2004).

It is not intended to make an extensive listing; only some species are shown that could be useful in 
primary care mentioning its properties and the care that should be taken for their use.

It is important to remember that the effect of ethnomedicinal plants is not immediate, so it cannot 
be used in acute conditions. In addition, it is recommended that consumption of the same species does 
not last for more than six months, which should be followed by a six-month waiting period as well. This 
is because the metabolites are transformed into the liver and are generally removed by the urinary tract. 
This waiting period allows the body to recover from the stress that could have caused the prolonged use.

An important aspect that we must not forget is that vegetable drugs can cause side effects that are 
manifested with symptoms like nausea, stomach pain, diarrhea, headache, when any of these symptoms 
are felt, the use of it should immediately stop. If symptoms persist, contact a physician, who should be 
informed of the species used and the time of consumption to find the appropriate solution.
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&onclusion

Ethnomedicinal plants can be used in primary health care as a more attainable, affordable, safe and effective 
medicine if the conditions for its use are maintained. 

Efficacy and safety are two main aspects to take into account when using ethnomedicinal plants 
and they depend on: (i) the taxonomic identity (ii) the habitat from which it comes (iii) the dosage used.

The extraction of the species from their natural habitat can cause confusion between species of similar 
morphological characteristics, resulting in adulteration and consequently different therapeutic responses. 
Vegetable matter from crops has the advantage that the pharmacognostic factors can be handled and it is 
also possible to obtain raw material of good quality, suitable for medicinal use.

 It is necessary to continue the studies analyzing all of the above-mentioned factors. Researches should 
be collaborating together through an intercultural approach that allows them to analyze and ascribe solutions 
to community health problems in a dynamic viewpoint which, links existing socioeconomic structures and 
ancestral medicine to the official health system that allows safe and effective use of ethnomedicinal plants.
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Introduction

The North Eastern (NE) region of India represented by seven Indian states, viz. Assam, Arunachal Pradesh, 
Manipur, Meghalaya, Mizoram, Nagaland and Tripura is a ‘Global Biodiversity Hotspot’ and represents one 
of the highest biodiversity of the Indian subcontinent. The region is often referred to as the Seven Sisters 
and Sikkim has also now been included in North eastern states.  It is ecologically represented by the Eastern 
Himalayan biome and is rich in a number of endemic flora and fauna endowed with a rich biodiversity. 
Arunachal Pradesh popularly called as “Land of Rising Sun”, falls under a geographical coordinates of 
26°28’ to 29°30’ North Latitude and 90°30’ to 97°30’ East Latitude spreading over a geographical area of 
83,743 sq. km. It shares borders with Assam and Nagaland in the South, Tibet (China) in the North and 
North East, Bhutan in the West and Myanmar in the East. The state being primarily a hilly tract is nestled 
in the foothills of Himalayas situated on the Great Eastern Himalayan Mountain Range and is recognized 
as the 12th Global Biodiversity Hotspots. It covers a vast diversity of flora and fauna making it one of the 
richest biotic province of the Republic of India. Parallel with this, nature has exceedingly endowed the 
state with rich bio-resources along with the second largest area under forest cover, i.e., the total area of 
68,045 sq.km in the whole of India after Madhya Pradesh (Anonymous 2008).

Arunachal Pradesh is a tribal state comprises of 19 districts inhabited by 26 major tribes and 110 sub-
tribes of diverse culture and lifestyle, with a traditionally rich Indigenous Knowledge System (IKS), across 
different geographical regions since time-immemorial (Fig. 12.1) (Tag et al. 2005). The majority of the 
local tribal communities originally belonged to Mongoloid racial stock but their long history of migration 
coupled with geographical isolation has altogether contributed to varied distinctive characteristics which are 
reflected in their language, dress and customs and customary laws amongst different tribes and sub-tribes. 
The richness of life form, i.e., the flora and fauna that occur in the pristine forest presents a panorama of 

1 Department of Biotechnology, National Institute of Technology Arunachal Pradesh (NIT AP), Yupia-791112, Papum Pare, 
Arunachal Pradesh, India. 

2 Department of Botany, Rajiv Gandhi University, Rono Hills, Doimukh-791112, Papum Pare, Arunachal Pradesh, India.
* Corresponding author: pallabi2008rgu@gmail.com
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biological diversity. Such an unparalleled occurrence of life form can attributed to the peculiar location 
of the state which is at the junction of Paleo Arctic, Indo-Chinese and Indo-Myanmar Biogeographical 
region (Taktajan 1996).

The vegetation type of the state have been classified into different forest types by various workers 
(Champion and Seth 1968, Haridasan and Rao 1985–1987) who classified the vegetation type of North 
East India. Later, Haridasan made the detailed study and classified the forest type of Arunachal Pradesh 
into four broad vegetation types which are further sub-classified based on prevailing plants (Haridasan 
2001). The forests of Arunachal Pradesh are a powerhouse of a rich collection of medicinal plants, foods, 
aromatic and other economically useful plants comprising almost all the vegetation types of the country. 
The state harbors over 7000–8000 flowering plants (Hussain and Hore 2008) starting from the foothills 
to the snowline alpine region. Till date, over 800 medicinal plants reported from wild habitat have been 
found used in folk medicine while many others are still under exploration (Srivastava and Adi community 
2009, Tag et al. 2014). Owing to its rich biodiversity new records or species are still reported by botanists 
(Banik et al. 2003). However with the growing advent of science and research yielding high throughput 
results researchers have come to the conclusion that certain plants that have a potent biological effect viz. 
antibacterial, antifungal, anti-inflammatory, antipyretic, etc., are a result of certain secondary metabolites 
that are prevalent among the plant family. However they may be or may not be directly correlated but some 
kind of association does exist which renders these plants vital for mankind. It is only since the late 20th 
century that secondary metabolites have been clearly recognized as having important functions in plants. 
Many thousands of secondary metabolites have been isolated from plants of late, and many of them have 
shown powerful physiological effects in humans and as such are used as medicines. Some of the wild 
medicinal plants viz., Hedyotis scandens, Lasia spinosa, Elatostema sublaxum, Ficus semicordata, Musa 
balbisiana, Bryonia grandis, Artemisia nilagirica, Dendrocnide sinuata, Clerodendrum colebrookianum, 
Zanthoxylum armatum, Acorus calamus, etc., are used in treating common diseases and ailments like 
dysentery, diarrhea, gastritis disorder, constipation, menstrual problem, toothache, headache, stomach 
ache, fever, typhoid, pneumonia, allergy, urination problem, jaundice, diabetes, eye-infection, high blood 
pressure, kidney stone, anti-dandruff, anti-lice in the hair and other uses.

Fig. 12.1 Map of Arunachal Pradesh showing different districts and its headquarters.
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Keeping in mind the broad prospect of the rich biodiversity of Arunachal Himalayas towards the global 
scenario, the aim of this chapter is to provide an insight of a wide range of secondary metabolites that are 
present in this biodiversity rich zone of Northeast India. The region is enriched with different medicinally 
important plants across different agro-climatic zone. Here we focus on some commonly available medicinal 
plants of this region with a diverse range of secondary metabolites to have an outlook of future prospect 
of such rich zonal area harboring some endemic, rare and endangered flora species of the world. 

&lassification of secondary metabolites

Secondary metabolites largely fall into three classes of compounds: alkaloids, terpenoids, and phenolics. 
However, these classes of compounds also include primary metabolites, so whether a compound is a 
primary or secondary metabolite is a distinction based not only on its chemical structure but also on its 
function and distribution within the plant kingdom.

Alkaloids

Alkaloids are a large group of nitrogen-containing compounds, examples of which are known to occur 
in approximately 20% of all flowering plants (Secondary metabolites – Knowledge Encyclopaedia 
2016). Closely related plant species often contain alkaloids of related chemical structure. The primary 
metabolites from which they are derived include amino acids such as tryptophan, tyrosine, and 
lysine. Alkaloid biosynthetic pathways can be long, and many alkaloids have correspondingly complex 
chemical structures.  Alkaloids accumulate in plant organs such as leaves or fruits and are ingested by 
animals that consume those plant parts. Many alkaloids are extremely toxic, especially to mammals, and 
act as potent nerve poisons, enzyme inhibitors, or membrane transport inhibitors. In addition to being toxic, 
many alkaloids are also bitter or otherwise foul-tasting. Therefore, the presence of alkaloids and other 
toxic secondary metabolites can serve as a deterrent to animals, who learn to avoid eating such plants. 
Sometimes domesticated animals that have not previously been exposed to alkaloid-containing plants do 
not have acquired avoidance mechanisms, and as such they become poisoned.

For example, Senecio vulgaris, often known by the common name ‘groundsel’ contains Pyrrolizidine 
Alkaloids (PAs) one of which is named ‘senecionine’ which has resulted in many recorded cases of 
livestock fatalities due to liver failure. More frequently, over time, natural selection has resulted in 
animals developing biochemical mechanisms or behavioral traits that lead to avoidance of alkaloid-
containing plants. Sometimes although a less common phenomenon, animals may evolve a mechanism for 
sequestering (storing) or breaking down a potentially toxic compound, thus ‘disarming’ the plant. Plants 
have however with advent of time, acquired new capabilities to synthesize additional defense compounds 
to combat animals that have developed resistance to the original chemicals. This type of an ‘arms race’ 
is a form of co-evolution and may help to account for the incredible abundance of secondary metabolites 
in flowering plants.

0edicinal $lNaloids

Many potentially toxic plant-derived alkaloids have medicinal properties, as long as they are carefully 
administered with regular dosage levels (Fig. 12.2). Alkaloids with important medicinal uses include 
‘morphine’ and ‘codeine’ from the opium poppy (Papaver somniferum) and cocaine from the coca plant 
(Erythroxylum sp.). These alkaloids act on the nervous system and are used as painkillers. ‘Atropine’ 
from the deadly ‘nightshade plant’ (Atropa belladonna), also acts on the nervous system and is used in 
anaesthesia and ophthalmology. 

Vincristine and vinblastine from the ‘periwinkle plant’ (Vinca minor) are inhibitors of cell division 
and are used to treat cancers of the blood and lymphatic systems. Quinine from the bark of the ‘cinchona 
tree’ (&inchona officinalis) is toxic to the Plasmodium parasite, which causes malaria, and has long been 
used in tropical and subtropical regions of the world.
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Other alkaloids are used as stimulants, including caffeine, present in coffee (Coffea sp.), tea (Camellia 
sinensis), and cola plants (Cola sp.), and nicotine, which is present in tobacco (Nicotiana tabacum). 
Nicotine preparations are, paradoxically, also used as an aid in smoking cessation. Nicotine is also a very 
potent insecticide. Ground-up tobacco leaves were used for insect control for many years, but this practice 
was superseded by the use of special formulations of nicotine. More recently the use of nicotine as an 
insecticide has been discouraged because of its toxicity to humans.

Terpenoids

The terpenoids sometimes called isoprenoids, are a large and diverse class of naturally occurring organic 
chemicals similar to terpenes, derived from the assembly of five-carbon isoprene units with different 
modifications. They are derived from acetyl CoA or from intermediates in glycolysis (Cornelia and Ludger 
2012). They are classified by their number of five-carbon isoprenoid units. Monoterpenes (containing two 
C5-units) are exemplified by the fragrant oils (such as menthol) contained in the leaves of members of 
the mint (Lamiaceae) family. In addition to giving these plants their characteristic taste and odor, these 
volatile oils have insect-repellent qualities (Fig. 12.3). 

The pyrethroids, which are monoterpene esters from the flowers of ‘chrysanthemum’ and related 
species, are commercially used as insecticides. In spite of being biodegradable and nontoxic to mammals, 
they fatally affect the nervous systems of insects, including humans.

Fig. 12.2 Some examples of alkaloids, a diverse group of secondary metabolites that contain nitrogen (source: Taiz and 
Zeiger 2010).

Fig. 12.3 Structures of limonene (A) and menthol (B): two well-known monoterpenes that serve as defenses against insects 
and other organisms (source: Taiz and Zeiger 2010).
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Diterpenes are formed from four C5-units. Paclitaxel (commonly known by the brand name Taxol), 
a diterpene found in bark of the genus ‘Taxus’, is a potent inhibitor of cell division in animals. At the end 
of the 20th century, paclitaxel was developed as a powerful new chemotherapeutic treatment for people 
with solid tumors, such as ovarian cancer patients.

Triterpenoids (formed from six C5 units) comprise the plant steroids, some of which act as plant 
hormones. These also can protect plants from insect attack, though their mode of action is quite different 
from that of the pyrethroids. Examples include ‘phytoecdysones’, a group of plant sterols that resemble 
insect molting hormones. When ingested in excess it can disrupt the normal molting cycle with often 
lethal consequences to the insect. 

Tetraterpenoids (eight C5 units) include important pigments such as β-carotene, which is a precursor 
of vitamin A, and lycopene, which gives tomatoes (Solanum lycopersicum) their red color. Rather than 
functioning in plant defense, the colored pigments that accumulate in ripening fruits can serve as attractants 
to animals, which actually aid the plant in seed dispersal.

The polyterpenes are polymers that may contain several thousand isoprenoid units. Rubber, a 
polyterpene in the latex of rubber trees (Hevea brasiliensis) that probably aids in wound healing in the 
plant, is also very important for the manufacture of tires and other products.

3henolic compounds

Phenolic compounds are defined by the presence of one or more aromatic rings bearing a hydroxyl 
functional group. Many are synthesized from the amino acid phenylalanine. They are important for the 
quality of plant based foods and are responsible for imparting color of red fruits, juices and wines and 
substrates for enzymatic browning, and are also involved in flavor properties. Phenolic compounds from 
medicinal herbs and dietary plants include phenolic acids, flavonoids, tannins, stilbenes, curcuminoids, 
coumarins, lignans, quinones, etc.

Simple phenolic compounds, such as ‘salicylic acid’ can be important in defence against attack of 
fungal pathogens. Its concentration increases in the leaves of certain plants in response to fungal attack 
and enables the plant to mount a complex defense response.

Interestingly ‘aspirin’ a derivative of salicylic acid, is routinely used in humans to reduce inflammation, 
pain, and fever. Other phenolic compounds, called ‘isoflavones’ are synthesized rapidly in plants of the 
legume (Fabaceae) family when they are attacked by bacterial or fungal pathogens, and they have strong 
antimicrobial activity.

One of the complex phenolic macromolecule, ‘Lignin’ is laid down in plant secondary cell walls and 
is the main component of wood. It is a very important structural molecule in all woody plants, allowing 
them to achieve height, girth, and longevity. It is also valuable for plant defense: Plant parts containing 
cells with lignified walls are much less palatable to insects and other animals than are non-woody plants 
and are much less easily digested by fungal enzymes than plant parts that contain only cells with primary 
cellulose walls.

Other function as attractants. ‘Anthocyanins’ and ‘Anthocyanidins’ are phenolic pigments that impart 
pink and purple colors to flowers and fruits. This pigmentation attracts insects and other animals that move 
between individual plants and lead to pollination and fruit dispersal. Often the plant pigment and the 
pollinator’s visual systems are well matched: Plants with red flowers attract birds and mammals because 
these animals possess the correct photoreceptors to see red pigments.

3henolic compounds� antioxidant activity, occurrence, and potential uses

Phenolic compounds, ubiquitous in plants are an essential part of the human diet, and are of considerable 
interest due to their antioxidant properties. These compounds possess an aromatic ring bearing one or 
more hydroxyl groups and their structures may range from that of a simple phenolic molecule to that of 
a complex high-molecular weight polymer. Flavonoids, which bear the (C6–C3–C6) structure, account for 
more than half of the over eight thousand different phenolic compounds. The antioxidant activity of phenolic 
compounds depends on the structure, in particular the number and positions of the hydroxyl groups and 
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the nature of substitutions on the aromatic rings. Fruits, vegetables and beverages are the major sources 
of phenolic compounds in the human diet (Balakumbahan et al. 2010).

Phenolic compounds are secondary metabolites that are derivatives of the pentose phosphate, 
shikimate, and phenylpropanoid pathways in plants (Taiz and Zeiger 2010). These compounds, one of the 
most widely occurring groups of phytochemicals, are of considerable physiological and morphological 
importance in plants. These compounds play an important role in growth and reproduction, providing 
protection against pathogens and predators (Alasalvar et al. 2001), besides contributing towards the color 
and sensory characteristics of fruits and vegetables (Benavente-Garcia et al. 1997). 

Phenolic compounds exhibit a wide range of physiological properties, such as anti-allergenic, 
anti-artherogenic, anti-inflammatory, anti-microbial, antioxidant, anti-thrombotic, cardio-protective and 
vasodilatory effects (Samman et al. 1998, Middleton et al. 2000, Puupponen Pimia et al. 2001, Claudine 
et al. 2005). Phenolic compounds have been associated with the health benefits derived from consuming 
high levels of fruits and vegetables (Harborne 1989, Parr and Bolwell 2000). 

Structurally, phenolic compounds comprise an aromatic ring, bearing one or more hydroxyl 
substituents, and range from simple phenolic molecules to highly polymerized compounds. Despite 
this structural diversity, the groups of compounds are often referred to as ‘polyphenols’. Most naturally 
occurring phenolic compounds are present as conjugates with mono and polysaccharides, linked to one or 
more of the phenolic groups, and may also occur as functional derivatives such as esters and methyl esters 
(Shahidi and Naczk 1995, Harborne et al. 1999, King and Young 1999). Though such structural diversity 
results in a wide range of phenolic compounds that occur in nature, phenolic compounds can basically 
be categorized into several classes as shown in Table 12.1 (Shahidi and Naczk 1995, King and Young 
1999). Among these, phenolic acids, flavonoids and tannins are regarded as the main dietary phenolic 
compounds (Bhom 1998).

Phenolic acids consist of two subgroups, i.e., the hydroxybenzoic and hydroxycinnamic acids  
(Fig. 12.4). Hydroxybenzoic acids include gallic, p-hydroxybenzoic, protocatechuic, vanillic and syringic 
acids, which in common have the (C6–C1) structure. Hydroxycinnamic acids, on the other hand, are aromatic 
compounds with a three-carbon side chain (C6–C3), with caffeic acid, ferulic acid, p-coumaric acid and 
sinapic acid being the most common. 

Flavonoids constitute the largest group of plant phenolics, accounting for over half of the eight thousand 
naturally occurring phenolic compounds. Flavonoids are low molecular weight compounds, consisting of 
15 carbon atoms, arranged in a (C6–C3–C6) configuration. Essentially the structure consists of two aromatic 
rings A and B, joined by a three carbon bridge, usually in the form of a heterocyclic ring C. The aromatic 
ring A is derived from the acetate/malonate pathway, while ring B is derived from phenylalanine through 
the shikimate pathway (Hollman and Katan 1999, Merken and Beecher 2000). Variations in substitution 
patterns to ring C result in the major flavonoid classes, i.e., flavonols, flavones, flavanones, flavanols (or 

Table 12.1 Classes of phenolic compounds in plants.

Class Structure

Simple phenolics, benzoquinones C6

Hydroxybenzoic acids (C6–C1)

Acethophenones, phenylacetic acids (C6–C2)

Hydroxycinnamic acids, phenylpropanoids (coumarins, isocoumarins, chromones, chromenes) (C6–C3)

Napthoquinones (C6–C4)

Xanthones (C6–C1–C6)

Stilbenes, anthraquinones (C6–C2–C6)

Flavonoids, isoflavonoids (C6–C3–C6)

Lignans, neolignans (C6–C3)2

Biflavonoids (C6–C3–C6)2

Lignins (C6–C3)n

Condensed tannins (proanthocyanidins or flavolans) (C6–C3–C6)n
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catechins), isoflavones, flavanonols, and anthocyanidins (Pietta 2000), of which flavones and flavonols 
occur most widely and are structurally diverse. Substitutions to rings A and B give rise to the different 
compounds within each class of flavonoids. These substitutions may include oxygenation, alkylation, 
glycosylation, acylation, and sulfation (Pietta 2000). 

Tannins, the relatively high molecular weight compounds which constitute the third important group 
of phenolics may be subdivided into hydrolysable tannins and condensed tannins (Porter 1989). The former 
are esters of gallic acid (gallo- and ellagi-tannins), while the latter (also known as proanthocyanidins) 
are polymers of polyhydroxyflavan-3-ol monomers (Porter 1989). Some common medicinal plants of 
Arunachal Pradesh with their photographs (Fig. 12.5) and types of secondary metabolites are given in 
below (Table 12.2).

8nderstanding relationships between secondary metabolites of plants and 
its associated medicinal properties for the future generation

Since last two decades, significant ethnobotanical works have been published from this region (Tiwari et 
al. 1976, Thothathri and Pal 1987, Kar 2004, Tag and Das 2004, Kala 2005, Tag et al. 2005, Angami et al. 
2006, Das and Tag 2006, Ramashankar and Rawat 2008, Goswami et al. 2009, Tiwari et al. 2009, Doley 
et al. 2010, 2014, Kagyung et al. 2010, Rethy et al. 2010, Sarmah and Arunachalam 2010, Srivastava et 
al. 2010, Srivastava and Nyishi Community 2010, Jeri et al. 2011, Namsa et al. 2011, Nimachow et al. 
2011, 2012, Shrivastava et al. 2012, Dutta and Dutta 2013, Maiti et al. 2013, Monlai et al. 2013, Payum 
et al. 2013, Singh and Singh 2013, Yakang et al. 2013, Boko and Narsimhan 2014, Perme et al. 2015, 
Purwianingsih et al. 2015, Murtem and Chaudhry 2016, Tsering 2016, Tsering et al. 2017, Tripathi et al. 
2017). However, such studies have also revealed that many tribal groups of the eastern Himalayan zone 
including Arunachal Himalayas of India are either under-explored or unexplored with regards to their 
ethnobotanical and ethno-medicinal research works due to communication bottleneck and topographical 
disadvantage. Such unexplored plants, are rich repositories of wide range of secondary metabolites (Table 
12.2). It is obvious that these secondary metabolites are useful to plants but can be catabolized. Several 
of these products have shown to exert a profound physiological effect on the mammalian system and 
therefore are termed bioactive compounds. An intricate understanding of relationships between secondary 

Fig. 12.4 Examples of some hydroxybenzoic and hydroxycinnamic acids.
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metabolites of plants and its associated medicinal property is henceforth necessary to validate such rich 
repositories of energy, food, shelter and medicinal wealth in Arunachal Pradesh that would serve as a 
pioneer for future states of the country as well as other nations. It’s high time that we focus our attention 
to the complex relationship between the secondary metabolites and its associated medicinal property of 
these plants rather than viewing each of them in an isolated mode, because all are intermingled together 
and have strong correlation between them. Such correlated studies could be the answer for the current 
global concern of environmental issues, biodiversity degradation, conservation of bio-resources, hazardous 
diseases, etc. Therefore keeping in mind the broad prospect of such secondary metabolites that are present in 
the rich biodiversity of ethno-medicinal plants of Arunachal Pradesh, our future target must be to document 
and validate such traditionally useful bio-resources and establish the relationship between the secondary 
metabolites and its related bioactive compounds. Moreover extinction of traditional knowledge has been 

Fig. 12.5 Some representative ethnomedicinal plants in Arunachal Pradesh (A) Acorus calamus L. (B). ,llicium griffithii 
Hook.f. & Thomson (C) Rubia cordifolia L. (D) Solanum torvum Sw. (E) Zanthoxylum armatum DC. (Photographs taken by 

Dr. Hui Tag during his several field surveys.) 
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witnessed in many parts of the state particularly districts of Tawang and West Kameng region because of 
rapid changes and developmental process in an effort to make it a global tourist hotspot (Tsering 2016). 
Therefore there is also a need to protect such medicinally important plants which can be only done by 
imparting knowledge of different conservation strategies in the public domain especially to the villagers 
through conducting various awareness programs. They also need to be involved in food biodiversity 
based natural resource conservation by demonstrating rural biotechnology tools and methods for effective 
conservation and sustainable management of these mountain plant bio-resources for rural livelihood security 
and the future generations of mankind. Such an awareness campaign would also ensure significance of 
such valuable botanical resources in current demand and supply trends of wild edible plants in the local 
and regional markets.

Conclusion

Thus, such rare and endemic medicinal plants of Arunachal Pradesh need conservation attention in the 
present decade to prevent rampant illegal collection from the wild habitat as well as for obtaining goods 
and services and ecological stability. Since local communities have deep faith in traditional methods of 
herbal treatment, they are still using some plants in treatment of several human ailments some of which are 
not recorded in any medicinal literatures including Ayurveda. Such plants need to be explored judiciously 
as well as protected from habitat destruction and other possible threats. Plant tissue culture techniques 
viz. in vitro organ culture, cell suspension cultures and callus culture can be effective in curbing the cost 
of production in the process of extraction, isolation and purification of secondary metabolites extracted 
directly from these plants (Purwianingsih 2015). Development of appropriate agro-technology research is 
urgently required to minimize wild collection and that would ensure ex situ conservation and sustainable 
medicinal and commercial uses making this state undoubtedly the living encyclopaedia and cultural refugia 
in biodiversity conservation of the eastern Himalayan Region.
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Introduction

Urolithiasis is one of the common disorders in the global population; every 10th person of entire population 
is suffering with these painful urological disorders (Edvardsson et al. 2013). It is an alarming situation 
in developing as well as developed countries due to the absence of a permanent remedial solution. It is 
reported that the percentage of urolithiasis is greater in males than females with a male:female ratio of 
3:1 (Stamatelou et al. 2003).

In India, approximately 5–7 million patients suffer from stone disease and nearly 1/1000 of the Indian 
population needs hospitalization due to kidney stone disease (Pearle et al. 2005). A huge number of patients 
belong to the age group of almost twenty (Munver and Preminger 2001). The rate of recurrence is about 
15% in one year and up to 50% within five years of the initial stone (Spirnak and Resnick 1987).

Urolithiasis is the disorder earlier seen in history back not only to 4000 B.C. in the tombs of Egyptian 
mummies (4000 B.C.) but also in graves of North American Indians from 1500 to 1000 B.C. (Bahuguna 
et al. 2009). It is also documented in the early Sanskrit documents during 3000 and 2000 B.C. Urolithiasis 
is considered as a medical challenge due to its multifactorial etiology and high rate of recurrence. It was 
reported earlier that super-saturation of urine with salt and minerals such as calcium oxalate (CaOx), struvite 
(ammonium magnesium phosphate), uric acid and cysteine is actually causing renal calculi formation 
(Kulaksizoglu et al. 2008, Martin and Nieto 2011, Macneil and Bariol 2011). These calculi are of different 
sizes and shaped-small ‘gravel-like’ stones to large stag horn calculi. The crystals stay at their location or 
move further down the urinary tract, producing symptoms along the way. 

In spite of substantial progress in the biological and physical manifestation of urolithiasis, its 
mechanism is still not clearly understood and there are no satisfactory safe drugs available for the treatment 
and prevention of urolithiasis. The drugs which are used for prophylactic therapy are primarily aimed to 
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correct the underlying metabolic disorders, but still results are not so convincing. The limited success of 
chemical drugs in urolithiasis is that multiple factors are involved in its pathogenesis, and the treatment 
demands multifactorial drug with various biological activities, such as an antispasmodic, antimicrobial, 
antioxidant, anti-inflammatory, etc. (Khan et al. 2011).

Several medicines like Thiazide diuretics (e.g., Hydrochlorothiazide), alkali, (e.g., Potassium citrate), 
Allopurinol, Sodium Cellulose Phosphate (SCP), Penicillamine (Cuprimine), Analgesic (Diclofenac 
sodium), Bisphosphonates, Potassium phosphate, 2[alobacter formigenes and other probiotics are used 
in urolithiasis, which act by decreasing the excretion of the stone forming agent such as oxalates, calcium, 
phosphates, etc. (Choubey et al. 2010).

The medicinal plants contain multiple chemical constituents, which could offer synergistic or side-
effect neutralizing properties that are likely to offer a more effective and safer remedy. Therefore, there is 
a need to look for an alternative therapy, especially herbal remedies, for the management and treatment 
of urolithiasis (Butterweck and Khan 2009).

Now-a-days, herbal medicine has gained much popularity being more efficient, easily available, having 
a low cost, with fewer side effects and the reducing recurrence rate of stone formation, hence search for 
antilithiatic drug from natural sources has assumed greater importance. In Ayurveda, many plants having the 
property of disintegrating and dissolving the stone are collectively referred to as “Pashanbheda” (Agarwal 
and Varma 2014). Plant extracts contain phytochemicals that prevent stone formation by inhibiting synthesis 
and agglomeration of crystals (Bhattacharjee et al. 2012).

Recently, significant progress has been made in identifying and quantifying physicochemical processes 
responsible for urinary stone formation. It is evident that super-saturation of urine with calcium oxalate is 
essential for urinary calcium oxalate crystallization (Kulaksizoglu et al. 2008). The best ways to prevent 
and treat urolithiasis are to control the process of crystallization events and most important is controlling 
the initial step, i.e., nucleation step. This is exceptionally achieved using herbal extracts since they have 
been widely used in folk medicine to treat kidney stones. The idea to use herbal extracts in the first step is 
that if nucleation itself is stopped or controlled, the next steps which lead to formation, aggregation and 
retention of crystals do not occur at all. In present chapter, we propose methods based on confirmation 
of antilithiatic plant bioactive metabolites including their purification and preliminary characterization. 

Urolithiasis

Kidney stone remains one of the major painful problems of a human population worldwide. Formation of 
stones in the urinary system, i.e., in the kidney, ureter and urinary bladder or in the urethra is Urolithiasis 
(Chandrasoma and Taylor 1998). There are several factors responsible for formation of stones such as 
climate, geographical distribution, food habits, changing lifestyle, genetic factors, etc. (Anderson 1979). 
Urolithiasis, kidney stones, nephritic stones, and renal calculi are interchangeably used to refer to the 
accretion of hard, solid, non-metallic minerals anywhere in the urinary system, including the kidneys, 
urethra and the bladder. There are five different types of stones reported, including calcium oxalate stones, 
calcium phosphate stone, magnesium ammonium phosphate, cysteine and uric acid stone (Free and Free 
1975), and many are yet to be identified (Table 13.1). Common stones among all are types of renal stones 
CaOx, which are of two types, i.e., monohydrate type (in the form of dump bell or oval) and dihydrate 
type (in the form of the double pyramid) (Kannabiran and Selva 1997). Hydrated forms of CaOx are 
reported as: whewellite (monohydrate, known from some coal beds), weddellite (dihydrate) and a very 
rare trihydrate called caoxite. These crystals look like a six sided prism and often look like a pointed 
picket from a wooden fence. 

Calcium oxalate Stones 

Calcium oxalate Stone (CaOx) is the most common type of stone found in different renal type of stones. 
It was found that approximate 80% of stone patient cases in US were CaOx type; these CaOx may be 
alone or may be in combination with calcium phosphate in the form of apatite or brushite (Coe et al. 
2003). Hyperoxaluria, hyperparathyroidism and renal tubular acidosis are some factors that promote the 
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precipitation of CaOx and calcium phosphate stones (Hoppe and Langman 2003). Hyperoxaluria is seen 
in patients who eat more oxalate containing food like vegetables and nuts. Many drugs are available in the 
market for treatment of urolithiasis with significant results, which include allopurinol, tri-sodium citrate, 
Cystone, thiazide diuretics, etc. Some surgical procedures are also used in routine practices to remove 
stones, which include Ureteroscopy; Percutaneous nephrolithotomy (PCNL), Extracorporeal Shock Wave 
Lithotripsy (ESWL) and open surgery are applied to remove kidney stones. These therapies are very costly, 
painful, and recur along with a side effect (Fig. 13.1), which strongly calls for new treatment options. The 
lowered side effects associated with herbal medicines have reignited interest in phytomedicine (Fig. 13.2). 
The Ayurveda system of medicine, which is widely followed in India, provides a solid foundation to search 
new herbal formulations having the ability to act on stones. All such factors make this area interesting for 
the researcher’s aim of hunting new possible solutions for human welfare (Aeckart and Schroder 1989).

Table 13.1 Types of kidney stones found in renal disorder.

Name of stone Approximate incidence Constituents

CaOx 70% of all stones Calcium, oxalate 

Calcium phosphate 10% of all stones Calcium, phosphate 

Uric acid 5–10% of all stones Uric acid 

Struvite 10% of all stones Calcium, ammonia, phosphate 

Cystine Less than 1% of all stones Cystine

Medication-induced stones Less than 1% of all stones Composition depends on medication or 
herbal product (e.g., include indinavir, 
ephedrine, guaifenesin, silica) 

Fig. 13.2 Benefits of Ayurvedic treatment.

Fig. 13.1 Some effects of Urolithiasis.
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Medicinal plants for treatment of urolithiasis

Medicinal plants are as old as mankind itself and connecting man and his search for drugs in nature from 
the far past, as found in written documents, preserved monuments, and even original plant medicines of 
ancient times. People living in the interiors and inaccessible remote rural areas have excellent knowledge 
about medicinal utility of the local flora, and they have strong faith in their own folklore preparations or 
crude formulations. The knowledge of medicinal plants is applied against illnesses due to which man learned 
to pursue drugs in different plant parts. Based on scientific validation such plants have been included in 
modern pharmacotherapy. Studies related to the usage of medicinal plants as well as awareness have been 
increased which has enhanced the ability of medical professionals to respond to the challenges.

Modern science has taken advance steps in the field of medicine, but use for conventional medicine 
is in the primary form available to the people in developing countries, including India. It is observed 
that about 80% of the population of developing countries still believes in traditional medicine for basic 
health issues (Ekor 2013). India has a rich heritage of traditional medicine, and the traditional health care 
system has been flourishing in many countries. Still today such medicines are not incorporated in most 
national health systems, and the potential of services provided by the traditional practitioners (Mukerjee 
2002). During the last decade, the use of herbal medicine has increased worldwide, which has provided an 
excellent opportunity in India to look for therapeutic lead compounds from an ancient system of therapy, 
i.e., Ayurveda. Over 50% of all modern drugs are of natural product origin, which play an important role 
in drug development programs of the pharmaceutical industry (Baker et al. 1995). 

Recent studies are trying to find out the exact mechanism and effectiveness of such traditional drugs 
against different stages of urolithiasis, such as: the diuretic action increases the quantity of fluid going pass 
through the kidneys and as a result flush out the deposits (Gohel and Wong 2006). It has been reported that 
crystal inhibitors in plants are supposed to decrease crystal nucleation, aggregation and growth (Patil et 
al. 2017, Kale et al. 2017). Furthermore, they also inhibit crystallization by their adsorption to the crystal 
surface which makes them unable for renal tubular attachment (crystallization inhibition activity). The 
formation of stones in the urinary system leads to lipid peroxidation producing Reactive Oxygen Species 
(ROS) followed by renal cell injury and inflammation. It also includes loss of membrane integrity, promotes 
fibrosis and collagen formation, and facilitates CaOx retention and subsequent stone formation (Khan 2013). 
Plant drugs are in the demand worldwide because of their higher potential to treat diseases, safety margin 
and less cost (Banso and Ngbde 2006). The increasing interest in traditional phytomedicine may lead to 
the discovery of novel therapeutic agents. Although herbs are supposed to be safe, many unsafe and fatal 
side effects have recently been reported due to dose and unprescribed application (Ikegami et al. 2003, Izzo 
2004). Remedial plants possess various medicinal properties, which includes antiviral, antilithiatic, anti-
inflammatory, antimicrobial, antioxidant, cytotoxic, hepatoprotective, antidiabetic, insecticidal, antilarval 
and many more (Marino and Bersani 1999, Nickavar et al. 2005, Nolkemper et al. 2006, Szczepanik et al. 
2012, Amiri 2012, Chang et al. 2017).

Antiurolithiatic drugs available from the medicinal plants are the easiest and well known alternative 
sources, which are cost-effective and with the least side effects. Such herbal drugs are in great demand 
in developing and developed countries because of their potential to treat diseases, safety margin and less 
cost. A large number of Indian medicinal plants have been used in the treatment of urolithiasis, which is 
reported to be effective with no side effects. Their extracts were prepared in different solvent by different 
methods; different assays were used to analyze their potential, as shown in Table 13.2.

(xtraction and purification of antilithiatic compounds

Medicinal plants are the important natural resource for novel therapeutic compounds. Although many 
approaches are available for the discovery of pharmaceutical constituents, the plant remains major reservoirs 
of new structural types. Plants are capable of synthesizing a diverse array of secondary metabolites, which 
include tannins, terpenoids, coumarin, alkaloids and flavonoids (Perez and Anesini 1994). These metabolites 
may be produced constitutively or in response to pathogen or herbivore attack or stress (phytoalexins) 
(Wittstock and Gershenzon 2002). Out of the several hundred thousand plant species over the globe, 
only a small proportion has been investigated both phytochemically and pharmacologically. The crucial 
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factor in investigation of bioactive plant metabolites is the selection of plant material or their parts for the 
optimum amount of phytoconstituents. 

The robust bioassays and targeted isolation of bioactive compounds are need for current pharmacological 
research. The major problem in ethnopharmacology research is to isolate and characterize the molecules 
from extracts and their purification. The extensive fractionation of extracts may lead to reduction or 
loss of biological activity due to break down or loss of additive or synergistic effects between analogue 
constituents. Some modern extraction techniques are also available, including solid-phase micro-extraction, 
supercritical-fluid extraction, pressurized-liquid extraction, microwave-assisted extraction, solid-phase 
extraction, and surfactant-mediated techniques, which possess advantages over the traditional methods.

All these methods save solvents, reduces the time, sample degradation, elimination of additional 
sample. These methods reduced concentration steps before chromatographic analysis, improvement in 
extraction efficiency, selectivity, and kinetics of extraction. This automation also favours their usage for the 
extraction of plant’s materials (Huie 2002). Extraction is an important step in the analysis of medicinal plants; 
it gives the opportunity to extract the desired chemical compounds for separation and characterization.

The basic operation include steps, such as pre-washing, drying of plant materials or freeze drying, 
grinding to obtain a homogenous sample and often improving the kinetics of analytic extraction and also 
increasing the contact of sample surface with the solvent system. Proper actions must be taken to ensure 
that potential active constituents are not lost, distorted or destroyed during the preparation of the extract 
from plant samples.

3urification of antilithiatic metabolites 

Plants provide an excellent opportunity for new drug discovery because of the unmatched availability 
of chemical diversity (Cos et al. 2006). It is clear that plant extracts usually occur as a combination with 
various types of bioactive compounds or phytochemicals with different polarities. However, their isolation, 
purification, separation still remains a challenging task in the process of identification and characterization 
of bioactive compounds. Some common techniques used for isolation, and purification included Thin Layer 
Chromatography, column chromatography, flash chromatography; Sephadex chromatography and HPLC 
are useful in obtaining the pure compounds. The pure compounds can be used for determination of structure 
and biological activity. TLC bioautography and column chromatography is becoming an important tool 
in the isolation of bioactive metabolites of plant crude extract.

TLC bioautography

A novel Thin-Layer Chromatography (TLC)-direct bioautography method was also proposed to detect the 
antilithiatic metabolites separates on TLC plate (Patil et al. 2017). The CaOx inhibitors or constituents of 
plant extracts are separated on TLC and comes in contact with agar; these metabolites diffuse in gel beads 
of agar to form a zone of inhibition. The clear zones formed against CaOx crystals in the gel confirms 
the antilithiatic potential. Such separated bioactive band can be scrapped from TLC and identified by the 
spectroscopic and chromatographic technique, as shown in Fig. 13.3 (Patil et al. 2017, Indian Patent no. 
494/MUM/2013, Method for identification of metabolites possessing calcium oxalate stone inhibitory 
properties in plant extract using TLC bioassay).

Column chromatography

Column chromatography is one of the powerful tools used in separation of pure compounds into a crude 
drug. This drug can be purified by using a gradient of solvents of different polarity in different times. The 
fraction of different polarity separates based upon their solubility in the solvent. These fractions can be 
collected in distinct tubes, and vacuum dried. The entire fraction should be screened by antiurolithiatic 
assays such as slide gel assay, agar gel assay or crystallization assay; the most potent antilithiatic fraction 
compounds can be identified by spectroscopic and chromatographic technique such as HR-LCMS.
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Secondary metabolites reported in various plants for antilithiatic purpose 

There are several phytochemicals which could be accountable for the antilithiatic effect. According to Arafat 
et al. (2008), flavonoids and triterpenes have a key role in preventing urolithiasis. It is also believed that 
saponins and tannins act as antiurolithiatic phytoconstituents (Doddola et al. 2008). Soundararajan et al. 
(2006), reported the dissolution of CaOx crystals due to effect of flavonoids (Kaemepferol-3-rhamnoside 
and kaempferol-3-rhamnogalactoside), triterpenes (betulin) and tannins. It is also reported that saponin rich 
fractions of other plants like, +erniaria hirsuta act as a great inhibitor of calcium stone formation under in 
vitro and in vivo model studies (Fouada et al. 2006). Lupeol and betulin (triterpenes) have been found to 
be efficient in reducing the risk of stone formation in animals by way of preventing crystal-induced tissue 
damage and dilution of urinary stone-forming constituents (Malini et al. 2000). Patil et al. (2017) reported 
the presence of antiurolithiatic plant metabolites including tuberonic acid, Methyl-8-(2-(2-formyl-vinyl)-3-
hydroxy-5-oxy-cyclopentyl) octanoate, 9-hexadecen-1-ol, 1-hexadecanoyl-sn-glycero-3-phosphocholine.

Screening methods

A large number of medicinal plants are reported with an antiurolithiatic activity. So it would an area of 
interest to find the most potent antilithiatic potential of plants. There are some in vitro and in vivo rat 
model methods reported to find and validate the activity. The studies are routinely employed for screening 
medicinal plants with respect to their antilithiatic property in inhibiting/assessing the nucleation, aggregation 
and growth inhibition of urinary stone constituents. The chemical analysis of kidney stones shows that 
most of the urinary stones predominantly consists of CaOx and calcium phosphate. Hence, most of the 
studies to assay or screen the antiurolithiatic property of medicinal plants were done by initial screening 
of the crude drugs by standardized in vitro gel method of crystallization (Henisch et al. 1970, 1988) or by  
in vitro method of Baumann and Wacker (1980) or by in vivo rat model experiments . The effect of Crataeva 
nuruala bark decoction on CaOx urolithiasis induced by 3% glycolic acid has been studied in rats.

Many in vitro bioassays were performed including slide gel assay (Schneider et al. 1983), agar gel 
overlay assay (Patil et al. 2014), dot blot assay (Kale et al. 2017), urine assay (Patil et al. 2015), and 
microscopic crystallization assay (Patil et al. 2017) as shown in Fig. 13.4.

Slide gel assay

Modified Schneider slide gel method was used for the in vitro study of potential of antiurolithiatic medicinal 
plants. The potential can be calculated by measuring the inhibitory area formed by the plant drug and the 
negative control using the formula as below (Schneider et al. 1983).

Fig. 13.3 TLC bioautography for detection of CaOx inhibition by tri-sodium citrate. (A) TLC plate under UV light 365 nm 
(arrows showing bands of tri-sodium citrate). (B) TLC plate after over layered with calcium containing agar gel. (C) TLC 
plate after ammonium oxalate treatment and staining with Alizarin red S for detection of CaOx inhibition (Circles showing 

region of inhibition).
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Inhibitory indexes can be calculated by:

I = 1–As/Ac × 100

Where, As = area of calcium oxalate crystals in presence of sample tested and
     Ac = area of calcium oxalate crystals formed for the corresponding blank.

Agar gel overlay assay 

Agar gel overlay method is one of the most significant methods for qualitative and quantitative potential 
of compounds and any plant extracts. The potential of the plant drug can be measured by calculating the 
inhibitory area and percentage area of zones of inhibition using the formula as suggested by Patil et al. 
(2014) in the Indian Patent No. 1501/MUM/2014; the method for in vitro qualitative and quantitative 
detection of calcium oxalate inhibitory activity.

 Percent Inhibition can be calculated by:

PI = 100–(1–(As/Ac)) × 100

Where

As = Area of diffused sample; Ac = Area of control region

Microscopic Crystallization Assay

Microscopic Crystallization Assay is one of potent methods, which screens out the plants antiurolithiatic 
potential on the basis of change in crystal number, size and shape. The method shows visible change in 
number, size and shape under the microscope and gives qualitative and quantitative data. Many in vivo 
models have been developed to understand the mechanisms involved during the formation of urinary stones 
and to ascertain the effects of various therapeutic agents on development and progression of the disease. 

Fig. 13.4 Some in vitro assays used for urolithiasis (A) slide gel assay (B) agar gel overlay assay (C) microscopic crystallization 
assay.
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CaOx kidney stones in both humans and mildly hyperoxaluria rats are located on renal papillary 
surfaces and consist of an organic matrix and crystals of CaOx. The rat is the most frequently used animal 
to induce CaOx deposition into kidneys and mimic the etiology of the formation of stones in humans. 
Stones formed in kidneys of humans, and rats are identical and exhibit similarities between human and 
rats CaOx kidney stones in many aspects. 

Hyperoxaluria, defined as excessive urinary oxalate, is the main risk factor for human idiopathic CaOx 
stone formation and induction of hyperoxaluria is essential for the development of CaOx urolithiasis in 
rats (Khan 1995). CaOx stone is the most prevalent component in urolithiasis, and many experimental 
models have been used to demonstrate its formation in the animal kidney (Khan et al. 1982, Khan 1995). 
Ethylene Glycol (EG), which is a precursor to oxalate formation, has generally been used in combination 
with ammonium chloride (NH4Cl) or vitamin D3 in an attempt to form CaOx crystals in urine and CaOx 
deposits in the kidney of rats (Yamaguchi et al. 2005). Urinary excretion of oxalate will be increased 
during the chronic administration of ethylene glycol (EG) as a 0.75% aqueous solution in drinking water 
to male Sprague-Dawley rats. 

)uture perspectives

In developing countries, most of the population uses medicinal plants as their home-based treatment. Herb 
based antiurolithiatic drugs are available in medical stores; they are cost effective, easily available and 
without side effects. The potential of such drugs is widely accepted by the people. Different companies are 
selling these drugs in the market with variable content, different name and in a different form; some drugs 
are Cystone of Himalaya, Gokru Kada of Baidyanath and many more. Recent technology with traditional 
medicine has opened the new channels in the field of improving health; such treatment is especially useful 
for people, who cannot afford costly western medicines. These researches also generate the opportunity 
for the Indian farmers to produce medicinal plants having economic importance. This clearly opens door 
for policy makers, researchers, industry and farmers to manage important medicinal plants.

Conclusion

The growing resurgence and revival of interest in indigenous systems of medicine and traditional herbal 
remedies, especially for their use for urolithiasis are regarded as quite safe. The best way to prevent and 
treat urolithiasis is to control the process of crystallization events from initial step, i.e., nucleation. Many 
herbs themselves possess inhibitory activity against crystallization, and their antioxidant activity helps in 
preventing the urolithiasis renal cell damage. 

In the present chapter we have described quantitative/qualitative antiurolithiatic potential of medicinal 
plants by using in vitro assays viz. slide gel assay, agar gel overlay assay and microscopic crystallization 
assay. The proposed in vitro assays conclude that plants possess tremendous potential to stop the growth 
of crystals; and shows special mechanism of reducing the size and number of the crystal which help 
in removing them from the urinary system. Agar Gel Overlay Assay is supposed to be a more efficient 
method compared to conventional methods, as it saves time and interprets very clear measurable results. 

As the previously reported the slide gel method is sensitive, but time consuming, and also calculation 
is very difficult and with chances of human error, which can be overcome by the proposed methods. 
Furthermore, the plant extracts prepared by maceration method in water confirmed as the most potent 
method for the crude drug extraction in terms of antilithiatic potential. Although the use of herbal medicines 
are popular and promising, it is essential to carry out further research to understand the pathophysiology 
of disease, and mechanism of action in order to develop an efficient and safe litholytic agent.
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Introduction

(thnopharmacoloJy is an interdisciplinary field that seeks to understand the traditional therapeutic use 
of natural bioactiYe products. This area Zas first defined as ³the interdisciplinary scientific e[ploration of 
actiYe bioloJical aJents traditionally employed or obserYed by man´ �+olmsted and %ruhn �����. The term 
³ethnopharmacoloJy´ is an amalJam of the *reek Zord ethnos �culture�, pharmakos �druJ or medicine�, 
and logia �the study of�. 2n this basis, ethnopharmacoloJy is considered as the study of druJs that haYe 
been traditionally used to treat ailments.

(thnopharmacoloJy pursues to understand the pharmacoloJical basis of culturally siJnificant plants, 
so that it may reTuire preclinical and clinical pharmacoloJical studies. ,t is common for a medicinal plant 
to haYe more than one use in a culture and eYen betZeen cultures, a situation that makes its study eYen 
more challenJinJ �+einrich and -lJer �����. Therefore, ethnopharmacoloJy needs a multidisciplinary Zork 
approach that inteJrates scientific data offered by a Yariety of disciplines such as cultural anthropoloJy, 
archeoloJy, linJuistics, history, botany, ]ooloJy, chemistry, pharmacoloJy, to[icoloJy, and medicine to 
take up the challenJe �de 6met and 5iYier �����.

AccordinJ to the :orld +ealth 2rJani]ation �:+2� definition, there are three kinds of herbal 
medicines� raZ plant material, processed plant material, and medicinal herbal products. +erbal druJs are 
defined as finished labeled medicinal products that contain actiYe inJredients such as aerial or underJround 
parts of plant or other plant material or combination thereof, Zhether in the crude state or as plant 
preparations �&houdhary and 6ekhon �����.

+erbal and other traditional pharmacoloJic therapies are in Zidespread use throuJhout the Zorld. A 
:+2 estimation indicates that about ��� of the Zorld population still uses herbs and other traditional 
medicine for their primary health care needs �Atmakuri and 'athi �����. 6uch Zidespread use suJJests 
but does not assure, that traditional medicines haYe a faYorable risk�benefit ratio. The actual benefits and 

1 Laboratory of 3harmacoloJy, )aculty of 3harmacy, 8niYersidad de 9alparatso, 9alparatso �������, &hile.
2 5eJional &entre for the 6tudy in )oods and +ealth �&5(A6�, 9alparatso �������, &hile.
3 )aculty of &hemistry and %ioloJy, 8niYersidad de 6antiaJo de &hile, 6antiaJo �������, &hile.
4 9ice 5ectory of 5esearch, 'eYelopment and ,nnoYation, 8niYersidad de 6antiaJo de &hile, 6antiaJo �������, &hile.
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risks remain to be eYaluated by clinical trials inYolYinJ four sets of issues� chemical�manufacturinJ�control 
issues, non�clinical issues, clinical issues, and ethical issues. TZo uniTue characteristics of herbal products 
are that they are multi�component mi[tures and that substantial prior human use precedes their formal 
inYestiJation �:+2 �����.

As a part of one of the fundamental disciplines of ethnopharmacoloJy, this chapter focuses on 
pharmacoloJy of medicinal plants. A distinctiYe feature of pharmacoloJy is that the effect of a druJ is often 
obserYed indirectly, Zhich means that Zhile a druJ affects a biochemical process in a cell, the response 
is a larJe�scale chanJe in the state of the Zhole body �.enakin �����. AccordinJly, if the response is 
appropriately Tuantified it can be used to predict the effect of a druJ at the pharmacoloJical tarJet in all 
systems includinJ the therapeutic system.

Evaluation of bioactivities

(Yaluation of bioactiYities of natural products, includinJ plant material, is not an easy task, especially if 
the research is in the field of ethnopharmacoloJy. There are seYeral mandatory steps to achieYe consistent 
results. As shoZn in )iJ. ��.�, the first step is to obtain reliable ethnopharmacoloJical eYidence indicatinJ 
that a population use or has used a plant species for therapeutic purposes. 6econdly, Ze must differentiate 
tZo parallel paths Zith their respectiYe components and associated restrictions� 3lant material and bioloJical 
model.

Fig. 14.1 A Jeneral approach to eYaluate bioactiYity of plant material �see the te[t for description�. 

Plant material

The ³3lant Material´ path considers the folloZinJ components �&1±&4��

 C1.  3opulation �3lant Material�. A theoretical population of plant species associated Zith the therapeutic 
effect.

 C2.  &ertified 3lant Material. A certified source of the ³3opulation´ �&1�, namely the means and sources 
of plant identification, the institutions holdinJ the Youcher specimens, and the e[perts that haYe 
helped to identify the sample �:eckerle et al. �����. 
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 C3.  6ample. A sample of the ³&ertified 3lant Material´ �&2�, namely a representatiYe samplinJ of the 
certified plan material �Zhole plant, roots, stem, leaf, ÀoZer, fruit, seed�.

 C4.  6ample 3rocessinJ. Typically, a dried and poZdered plant material containinJ one or more plant 
parts. This material is usually macerated in Zater or ethanol�Zater at room temperature for some 
days. Then the material is filtered, eYaporated in vacuo and lyophili]ed, obtaininJ the dry aTueous or 
hydroalcoholic e[tract. This product is the ³total or Zhole e[tract´ and the first source for bioactiYity 
eYaluation. Additional processes included fractionation and purification, finali]inJ Zith one or more 
isolated compounds. Additionally, these sources reTuire different techniTues to identify and Tuantify 
their components �Trease and (Yans ����, Lakshmana 3rabu and 6uriyaprakash �����. ,n )iJ. ��.�, 
these sources of bioactiYe material are represented by ³'ose �;�´.

Solution Preparation. A practical rule of thumb for preparinJ a druJ stock solution is to ZeiJh ��� of 
the druJ¶s molecular ZeiJht and then dissolYe it in �� mL. )or e[ample, if a druJ has a molecular ZeiJht 
of ��� 'a, Ze can ZeiJh �� mJ �or less� and then dissolYe it in a total Yolume of �� mL �or the eTuiYalent 
Yolume dependinJ on the mass ZeiJhed�. Therefore, the final concentration Zill be ��–2 M �i.e., ��,��� ȝM�.

,n the folloZinJ e[ample, Ze Zill assume that Ze haYe a ��–2 M druJ stock solution Zith the druJ 
dissolYed in pure ethanol. :e also suppose that the final e[perimental concentration is defined as ��� 
�M �the hiJhest concentration�. The e[perimental chamber is a cell culture dish of � mL �i.e., �,��� �L�. 
&onseTuently, the e[perimenter adds �� �L of stock solution into the dish and completes its Yolume to � 
mL Zith the e[perimental solution �e.J., saline solution or culture medium�. %ecause of this procedure, 
the cell culture dish has reached �� of ethanol. 

,f the bioloJical model is hiJhly sensitiYe to ethanol and �� may be harmful, it is possible to prepare 
a more concentrated druJ stock solution. This e[ample is also Yalid for dimethylsulfo[ide �'M62�, a 
solYent Zidely used in pharmacoloJical tests for its ability to dissolYe Zater�insoluble druJs.

Another important consideration relates to the stability of compounds deriYed from natural sources. 
%ioactiYe compounds present in plants are especially sensitiYe to temperature, p+, and liJht, so precautions 
must be taken to aYoid deJradation.

Biological model

The ³%ioloJical Model´ inYolYes the folloZinJ components �&�±&���

 C5.  3opulation �%ioloJical Model�. A theoretical population of the bioloJical model suitable to eYaluate 
the therapeutic effect associated Zith the plant species.

 C6.  &ertified %ioloJical Model. A certified source of the ³3opulation´ �&��, specifically a bioloJical model 
that haYe been proYen to render the releYant pharmacoloJical parameters that characteri]ed a druJ 
�3enJ and =hao ����, .enakin �����. 8sually, the certified bioloJical model included laboratory 
animals and cell culture proYiders from uniYersities and priYate orJani]ations. At this point, Ze are 
JoinJ to focus on tZo bioloJical models Zidely used in vitro assays� rat aortic rinJs and +uman 
8mbilical 9ein (ndothelial &ells �+89(&�.

 C7.  6ample. A sample of ³&ertified %ioloJical Model´ �&2�, namely a representatiYe sample of the 
certified bioloJical model �laboratory animals, cell cultures�.

 C8.  6ample 3rocessinJ. In vitro �e.J., primary cultures, cell lines, isolated orJans� and in vivo �laboratory 
animals like mouse and rat� models play a siJnificant role in preclinical pharmacoloJical assays 
�3enJ and =hao �����. ,n this Zork, Ze described tZo in vitro models, rat aortic rinJs, and +89(&�

Rat Aortic Ring Preparation. :e Zill describe the modified methods for measurinJ rat aorta contractility 
�9inet et al. ����, ,llanes et al. ����, 9inet et al. �����. 5ats ZeiJhinJ ���±��� J are sacrificed by an 
oYerdose of &22 inhalation. The thoracic aorta is carefully e[cised and placed in a 3etri dish containinJ 
modified .rebs�+enseleit buffer �.+%� �in mM� 1a&l ���� .&l �.�� 1a+&23 ��.�� .+2324 �.�� MJ&l2 
�.�� &a&l2 �.�� '�Jlucose ��.�� ('TA �.���� p+ �.�� at ���& and o[yJenated continuously Zith a ��� 
22 ± �� &22 Jas mi[ture. Aorta is dissected, cleaned of connectiYe tissue and diYided into � mm rinJs 
seJments. 5inJs are suspended betZeen tZo L�shaped stainless�steel hooks and placed into a ��±�� mL 
orJan chambers containinJ modified .+% at ���& and o[yJenated continuously Zith a ��� 22 ± �� 
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&22 Jas mi[ture. ,sometric tensions are measured usinJ a force displacement transducer connected to 
a polyJraph. 5inJs are e[posed to a basal tension of �.� J for �� minutes. Then, rinJs are proJressiYely 
stretched at least three times Zith a depolari]inJ �� mM .&l solution �in mM� 1a&l ��� .&l ��.�� 1a+&23 
��.�� .+2324 �.�� MJ&l2 �.�� &a&l2 �.�� '�*lucose ��.�� ('TA �.���� p+ �.�� until reachinJ a ma[imum 
stable contraction �reference tension�. 5inJs are repeatedly Zashed and eTuilibrated for �� minutes. The 
preparation is noZ ready to eYaluate aorta contractility, i.e., rela[ation or contraction actiYities. The analysis 
of the effect of a druJ on aortic reactiYity included the ma[imal response and the concentration causinJ 
��� of the ma[imal response �(&���. The inteJrity of endothelium is assessed by testinJ the rela[ation 
produced by the addition of � �M acetylcholine in �.� �M phenylephrine�precontracted rinJs. 

To eYaluate a druJ Zith a Yasoconstriction potential, the druJ is added directly to the orJan chamber 
containinJ the aorta under a basal tension. 2n the other hand, if a druJ is suspected to haYe a Yasodilatory 
potential, the Yessel is preYiously contracted Zith phenylephrine, and Zhen a stable contraction is reached, 
the druJ is added. ,n both cases, the druJ is applied in increasinJ doses, usually betZeen concentrations 
from ��±� to ��–4 M. 

HUVEC Preparation. 3rimary culture of +89(& are isolated and pooled from umbilical cords obtained 
from normal YaJinal deliYeries accordinJ to -affe et al. ������ and modified by &ortps et al. ������. &ells 
are cultured in Jelatin�coated 3etri dishes and JroZn in medium ��� supplemented Zith � mM Jlutamine, 
��� heat�inactiYated fetal boYine serum, and �� mJ�mL endothelial cell JroZth supplement. +89(& 
are incubated in �� &22±��� air�Jas mi[ture. The medium is chanJed �� hours after seedinJ and cells 
subcultured on reachinJ conÀuence usinJ �.��� trypsin�('TA. 8sually, +89(& of the first and second 
passaJe is used for e[periments. &ells are seeded at a density of ��.� [ ��� cell�mL� in Jelatin�coated 3etri 
dishes and alloZed to attach oYerniJht. +89(& are ready to be submitted to the e[perimental protocol. 

Experimental design and data analysis

Statistical Analysis. The randomi]ed and blinded controlled e[periment Zas first established in the early 
����s by )isher in aJricultural research �)estinJ and 1eYalainen �����. The rationale is clear� if the test 
compares an interYention in tZo or more Jroups, necessarily need to be contrasted Zith a non�interYention 
Jroup, i.e., the control Jroup. ,f the researchers knoZ the treatments, they can bias the results faYorinJ one 
Jroup. ,n blinded, controlled e[periment it is the statistical analysis that determines the probability that 
differences amonJ Jroups can be attributed to the effect of the interYention rather than chance.

5eplicates are intended to eYaluate and isolate sources of Yariation in measurements and to limit the 
effect of false Yariation on parameter estimation. 'istinJuishinJ betZeen bioloJical and technical Yariation 
is important. %ioloJical Yariation can be detected by measurements of distinct samples Zhile technical 
Yariation can be detected by repeated measurements of the same sample. TakinJ additional bioloJical 
replicates is the best option for improYinJ the efficiency of statistical testinJ �%lainey et al. �����.

2ur e[perience shoZs that by ZorkinJ Zith calibrated instruments, Zith triplicate samples, and Zith 
si[ independent e[periments �1   ��, it is possible to obtain consistent results alloZinJ us to discriminate 
small effects attributable to the interYention beinJ eYaluated.

Mathematical Models. The purpose of this section is to find a simple model to adMust the e[perimental 
data and to obtain the parameters that characteri]ed the system. A system is a pool of obMects and processes 
that interact to create a unified Zhole, such as a cell culture system, a rat, or a human �%onate �����. A 
mathematical model is a caricature, a deliberate oYersimplification of reality �+annon and 5uth �����. 
Therefore, a mathematical model represents the system of interest and can be used to e[plore its structure 
and behaYior �:astney et al. �����.

The reJression model is an eTuation that defines the 2utput, or dependent Yariable <, as a function 
of the ,nput, or independent Yariable ;, and one or more model parameters �Motulsky and &hristopoulos 
�����. There are tZo types of reJression models, empirical and mechanistic models. (mpirical models 
Must describe the Jeneral form of data that is tried to fit. The parameters of the model do not necessarily 
correspond to a natural process. 

2n the other hand, mechanistic models are e[plicitly formulated to represent a specific natural process 
that is supposed to control the phenomenon under study. The parameters resultinJ from mechanical models 
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are TuantitatiYe estimates of real system properties. ,n Jeneral, the mechanistic models are more useful 
because they are a TuantitatiYe representation of a hypothesis. +oZeYer, if the ZronJ mechanistic model 
is chosen to fit the data, the conseTuences are more neJatiYe than for the empirical models, since it is 
Yery likely that erroneous conclusions are reached reJardinJ the mechanism under study �Motulsky and 
&hristopoulos �����.

Dose-Response Curves. 'ose�response curYes are used to plot the results of many types of bioloJical 
e[periments mainly pharmacoloJical. The ;�a[is represents the concentration of a bioactiYe compound 
�e.J., druJ, hormone�. The < a[is represents the bioloJical response �e.J., en]ymatic actiYity, intracellular 
messenJer leYel, contraction, etc.�. )iJure ��.� shoZs a representation of a dose�response curYe as a cell 
process.

The term ³dose´ is freTuently used to refer to both in vivo and in vitro assays �dose�response curYe�. 
+oZeYer, to be fair, it should be clarified that the term dose is suitable for in vivo e[periments �i.e., dose�
response curYe�, Zhereas for in vitro e[periments it is more correct to use concentration �i.e., concentration�
response curYe�. ,t is important to consider that in in vivo e[periments the concentration of druJ at the site 
of action is unknoZn so that only dose control is aYailable. ,n contrast, in vitro e[periments, it is Jenerally 
assumed that the concentration of druJ at the site of action is eTual to the concentration of druJ reachinJ 
the system and therefore is controlled by the inYestiJator. 

An aJonist is a druJ that binds to a receptor and alters the receptor state triJJerinJ a bioloJical response. 
,f seYeral concentrations of an aJonist induce a sharp response, the dose�response curYe Zill Jo uphill as 
druJ concentration increases. 2n the other hand, if the aJonist produces an inhibitory response, the curYe 
Zill Jo doZnhill as druJ concentration increases. A full aJonist is a druJ producinJ the ma[imum cellular 
or tissue response. A partial aJonist is a druJ that proYokes a response, but the ma[imum response is less 
than the ma[imum response compared to a full aJonist in the same cell or tissue. An inYerse aJonist is a 
druJ that decreases an established basal response.

An antaJonist is a druJ that decreases the action of another druJ, Jenerally an aJonist. ,t is important 
to note that the classification of druJs as full aJonists, partial aJonists, inYerse aJonists, and antaJonists 
is hiJhly dependent on the bioloJical system in Zhich they are tested.

Choosing the Mathematical Model: To fit data obtained from pharmacoloJical e[periments Ze suJJest 
usinJ the standard model knoZn as the ³+ill eTuation´, the ³four�parameter loJistic eTuation´, the ³Yariable 
slope siJmoid eTuation´ or simply ³�3L´ �Motulsky and &hristopoulos �����. This model can be Zritten 

Fig. 14.2 5epresentation of a dose�response curYe as a cell process. The fiJure shoZs a system symboli]ed by the seTuence 
,138T�352&(66�28T38T. The amount of liTuid entry into the container �e.J., fuel� represents the ,138T �'ose�, and 
the leYel of liTuid in the container �e.J., enerJy� represents the 28T38T �5esponse�. The %ottom leYel corresponds to the 
basal leYel and the Top leYel the ma[imal effect. 1ote that the ,138T �'ose� is transformed into 28T38T �5esponse� by a 
352&(66 that can be represented by a mathematical model. A key task of pharmacoloJy is to find the model and associated 
parameters that alloZ characteri]inJ a druJ and inferrinJ its action in other bioloJical systems, particularly in human beinJs.
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as an eTuation that defines the response �the dependent Yariable <� as a function of dose �independent 
Yariable, ;� and the four parameters as shoZn in )iJ. ��.��

Zhere,
%ottom   < Yalue for the minimal curYe asymptote �theoretically, the response in the absence of druJ�
Top   < Yalue ma[imal curYe asymptote �theoretically, the response produced by an infinitely hiJh 
concentration of druJ�.
LoJ(&��   the loJarithm of druJ dose �or concentration� that produces the response halfZay betZeen the 
%ottom and Top �commonly used as a measure of a druJ¶s potency�.
+ill 6lope   indicates the steepness of the dose�response curYe and usually associated Zith the system¶s 
sensitiYity to the druJ.

The ne[t step is defininJ Zhich of the parameters, if any, should be fi[ed to constant Yalues. This 
decision should be based on e[perimental controls, or on theoretical aspects. :hen the basal response of 
the system is assumed to be ]ero, it is often to consider the %ottom Yalue also as ]ero.

1onlinear reJression can be performed usinJ *raph3ad 3rism �*raph3ad, 6an 'ieJo, &A, 86A� and 
6iJma3lot �6ystat 6oftZare, ,nc., 6an -ose, &A, 86A�. %oth proJrams haYe a trial Yersion.

Conclusion

(thnopharmacoloJy pursues to understand the traditional therapeutic use of natural bioactiYe products. 
To reach this purpose ethnopharmacoloJy needs a multidisciplinary Zork approach that inteJrates 
scientific data offered by a Yariety of disciplines includinJ pharmacoloJy. ,n this Zork, Ze conclude that 
to achieYe reliable data that understand and Yalidate the traditional use of bioactiYe compounds, a strict 
e[perimental protocol aliJned Zith the scientific method is necessary. To contribute to e[perimental 
research in ethnopharmacoloJy, in this chapter, Ze haYe proposed a Jeneral pharmacoloJical approach to 
obtain an acute estimation of plant material bioactiYity usinJ tZo in vitro models: isolated rat aorta and 
endothelial cell cultures.
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Introduction 

The family Rutaceae that is also named the Rue or Citrus family belongs to the order Sapindales. Most 
species of the family Rutaceae are mainly herbs, trees as well as shrubs, having a particular glandular 
punctuate in addition to possessing a strong scent. It includes almost 150 genera with 1,500 species that 
are greatly spread worldwide with special occurrence in tropical as well as subtropical regions particularly 
in southern Africa and Australia (Hume 1957, Reuther et al. 1967, Mabberley 2008).

In spite of the existence of numerous subfamilies within the family Rutaceae, all the members of genus 
Citrus belong to the subfamily Aurantioideae, that comprises of two tribes namely, the Clauseneae and 
Citreae, the former includes the very remote citroid fruit trees with five genera. While the latter comprises of 
citroid fruit trees with three subtribes: the first is the Triphasiinae that is named by minor citroid fruit trees; 
the second is the Balsamocitrinae that is also known by hard–shelled citroid fruit trees whereas the third is 
Citrinae (Citrus fruit trees) (Ortiz 2002, Mabberley 2008). The above taxonomy is illustrated in Fig. 15.1. 

 The Citrus family is very popular by the presence of spines in addition to winged petioles. Additionally, 
the leaves are characterized by being exstipulate, opposite or alternate in its phyllotaxis that are simple 
or pinnately or palmately or compound. However in some cases it is characterized by being in the form 
of sheath like or diminished to spines. Meanwhile, most flowers of the Rutaceae members possess a 
characteristic sweet odor and are mostly bisexual, and actinomorphic and occasionally zygomorphic. 
Basically, its calyx contains 3–5 sepals that are either discriminate or basally connate meanwhile its 
corolla comprises of 3–5 petals that are mostly distinct and sometimes connate and scarcely the petals are 
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absent. Besides, the fruit is extremely variable in its appearance as well as in its size. The former ranges 
from round to sub-globose as well as oblate to obovoid and from broadly pyriform to cylindrical, ovoid, 
elliptical and oblong. Furthermore, its rind is familiar by being very variable, rough, ribbed, wrinkled or 
bumpy. The variation in the internal characters between the fruits of Citrus members mainly relied upon 
the discriminate structure of hesperidium in addition to the fruit segments and inclusions, the rind, the 
central axis or medulla, and the seeds (Ortiz 2002, Mabberley 2008). In the foregoing chapter we aim to 
shed light on the traditional uses, phytochemistry and its correlation with the biological activity of some 
important species of one of the popular genera in the Rutaceae that is the genus Citrus. 

Genus Citrus 

Citrus is among the most important genera of flowering plants within the Rutaceae, that is native to 
tropical, semitropical as well as subtropical Southeast Asia. The term Citrus originates from the Ancient 
Greek word that is kedros or from its Latin derivate which is called cedrus. It is noteworthy to mention, 
that the names were applied by both the ancient Greeks as well as by the Romans describing various trees 
that possess fragrant foliage or wood (Andrews 1961, Ortiz 2002).

Fig. 15.1 Phylogenetic tree of Rutaceae family.
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The genus Citrus is characterized by a very complex taxonomy and the actual figure of the naturally 
occurring species is still unclear in addition to the occurrence of many clonally-propagated hybrids with 
genetic evidence that declares that even the wild, true–breeding species are of hybrid origin. True fruits 
of Citrus comprise five genera and 29 species that are as follow: Fortunella that includes four species, 
Eremocitrus with four species also, in addition to Poncirus that is of only one species whereas, Citrus 
includes two subgenera and 16 species, Microcitrus, and Clymenia that possess four species.

Moreover, the two discriminate subgenera of the genus Citrus, Citrus and Papeda, are easily 
differentiated by the characters of their leaf, flower, as well as the fruit. Most of the popular cultivated 
members of Citrus exemplified by mandarin, sweet orange, lemon, lime and grapefruit are contained within 
the subgenus Citrus (Fig. 15.2). These species are characteristic by the presence of pulp vesicles which are 
filled with a pleasant acidic or sweet juice with the presence of an everlasting unifoliate or simple leaves 
(Ortiz 2002, Mabberley 2008).

Citrus fruits are considered not only as a favorite food but also a medicinally active agent possessing 
multiple phytoconstituents that are beneficial to human health. These constituents are mainly limonoids, 
flavonoids, coumarins and acridone alkaloids in addition to the presence of a high level of vitamin C, 
vitamin–B complex as folic acid, biotin, pantothenic acid, pyridoxine and β–carotene and lycopene type 
carotenoids (Berhow et al. 2000, Ladaniya 2008). Notable improvement in blood circulation, anti-allergic, 
antiviral and anti-carcinogenic activities has been attributed to Citrus juices in particular to that of grapefruit 
and oranges owing to their richness by flavonoids. Furthermore, fresh Citrus fruits are also popular by 
reducing the risk of heart attacks if taken in the diet on a daily basis owing to their high content of fiber and 
pectin. The fragrance obtained from the flowers of grapefruits is effective in relieving insomnia and as a 
stomachic and cardiac tonic. The pulp provides an effective therapy in the alleviation of urinary disorders 
in addition to the antibiotic activity exhibited by leaf extracts (Filatova 1999). 

Nowadays, Citrus is considered as the most widely spread and produced fruits in the form of as a 
group of numerous species that is grown in more than 80 countries (Chang 1992, Berhow et al. 2000). The 
production of Citrus in the globe elevated at the rate of 4.5% annually during the 1990s, that resulted in 
the production of 98.35 million tons during the period between 2001 and 2002, and this number exceeded 
the 100 million tons mark during 2003–2004 (FAO 2006).

Owing to the tremendous economic developments and rapid alteration in the lifestyle of people 
with different cultures, fresh fruit utilization is highly elevating in the category of easy–peelers, such as 
tangerines/mandarins. Being seedless and small, these fruits are more preferable and convenient in eating. 

Fig. 15.2 Different fruits belonging to Citrus subgenus.
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Moreover, consumption of fresh oranges rapidly increased by a rate of 2.9% from 1986–88 to 1996–98. In 
regions that are characterized by their high population such as African regions and many Asian countries as 
China and India, Citrus fruits are used in a fresh form and are supplied by local Citrus industries. In Central 
and Latin America, a large category of the population still prefers and can withstand the consumption of 
only fresh Citrus. The majority of the rise in the consumption of domestic production is mainly in China, 
India, Mexico, Pakistan, and Brazil. In spite of the increase in the production of Citrus fruits with a rate 
of 2–5% each year, the per capita annual consumption differs from 40 kg in European countries to 4 kg 
in Asia and Africa countries (Ladaniya 2008). 

Traditional uses of family Rutaceae and genus Citrus

In the folk medicine Citrus plants were believed to be an effective method to combat moths in clothes as 
well as a mouthwash as written by Theophrastus owing to its insecticidal limonoids that were recently 
discovered. Moreover, it was popular as an efficacious poison antidote and as a tonic keeping the vitality of 
skin as mentioned by Abu Marwan in his ‘Treatise of foodstuff’. Regarding the pharmaceutical importance 
of the Citrus plants, it was early recognized by Linnaeus. Additionally, sour orange was greatly adopted 
in the Middle Ages in Europe both as a flavoring agent and to prevent worms. Besides, it gained a great 
reputation in China to alleviate a wide array of disorders starting from mild skin ailments to influenza, 
gout, cough, sore throat, liver and gall bladder problems, rheumatism and to reduce blood pressure (Arias 
and Ramón-Laca 2005). 

Additionally, in western medicine, the essential oil of Citrus plants were widely consumed as an 
antiseptic against bacteria, fungi, protozoa and insects attributing to their high content of phenol. Citrus 
hystrix that is familiar by the richness of its leaves with citronellal is recognized to be essential in cooking, 
meanwhile the hesperidium is still consumed to wash hair and to propel leeches. Citrus plants were widely 
utilized in the west to alleviate scurvy that is caused by significant reduction in vitamin C in addition to 
common cold (Arias and Ramón-Laca 2005). 

Moreover, some clinicians in the early last century postulated that lemon juice countered obesity 
via the interaction that takes place between a compound existing in the fruit’s ‘membrane’ and the liver 
to diminish cholesterol content and to control insulin. Additionally, it was reported that black women in 
tropical America utilize a douche comprising of lemon juice as a mean of contraception through its action as 
a potent spermicide in which the citric acid causes destruction of the proteins of the mitochondria resulting 
in immobility. Also, the pips were used during pregnancy to combat nausea and stomach weakness whereas 
lime pickle enhances the appetite. It is worth mentioning that control of HIV spread among the population 
was believed to be achieved via the consumption of lemon juice (Mabberley 2004).

Biological activity of genus Citrus and its correlation with its predominant 
classes of secondary metabolites

Biological activity of limonoids

Limonoids represent one of the major classes of active constituents in the Citrus, which is characterized 
by the attachment of a furan ring to C17 position that effectively induced glutathione S-transferase in both 
mice and rats. The effectiveness of a certain drug to enhance the activity of glutathione S-transferase has 
been notably correlated with its efficacy to inhibit carcinogenesis. The limonoids existing in the Citrus 
have been proved to inhibit the occurrence of the neoplasia that is induced by chemicals in the skin, fore-
stomach, small intestine, colon and the lungs of experimental, laboratory animals. Also, they prohibited 
the proliferative spread of human breast cancer cell (Berhow et al. 2000). Besides, they enhance human 
health acting as cholesterol–lowering as well as antiviral agents (Manners 2007). 

Furthermore, limonoids exhibited a marked inhibition concerning the growth of estrogen receptor- 
negative and positive human breast cancer cells culture. A mixture of limonoids consisting of limonin, 
nomilinic acid 17-β-glucoside, nomilin, and obacunone 17β-glucoside has shown an obvious inhibition 
in human breast cancer cell line (MCF-7). Additionally, a high concentration of 100 µg/ mL from the 
previously mentioned mixture could effectively induce apoptosis in MCF-7 (Tian et al. 2001). 
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The effect of Citrus limonoids as an antifeedant against insects was first discussed in 1982. It has 
been largely confirmed that limonoid aglycones showed an antifeedant activity towards a large number of 
insects comprising corn earworm, Colorado potato beetle, spruce budworm, fall armyworm and tobacco 
budworm. In addition, it was reported that previously mentioned limoniods showed insecticidal activity 
against Culex quinquejasciatus larvae (Jayaprakasha et al. 1997). The efficacy of limonin as antifeedant 
was found to be one tenth comparable to azadirachtin. Limonin as well as ichangensin exhibited significant 
antifeedant against Colorado potato beetle. On the contrary, limonoid glucosides did not show any 
antifeedant property against insects (Berhow et al. 2000, Ruberto et al. 2002). 

Furthermore, it was proved that limonin showed hypoglycemic activity (Hasegawa et al. 1986) in 
addition to antitumor activity towards benzo>Į@ pyrene and azoxymethane induced neoplasia in the fore 
–stomach of mice and colon of rats, respectively (Lam and Hasegawa 1989, Tanaka et al. 2000, Tanaka 
et al. 2001). Additionally, limonin exhibited anti-inflammatory property towards paw edema induced by 
bradykinin and ear swelling produced by arachidonic acid (Matsuda et al. 1998). 

Furthermore, a notable antifungal property was exhibited by limonin, nomilinic acid and limonol 
against Puccinia arachidis. The activity of limonoids is mainly due to the presence of a highly reactive 
epoxide group that is composed of three ring structures in addition to anoxirane ring that could effectively 
bind to proteins via covalent bonds to the sulfhydryl (SH), NH groups and the amino group (NH2) of the 
amino acid residue. Consequently, this will probably lead to a significant alteration in both the conformation 
as well as the recognition processes of protein. Epoxides have long been known as powerful alkylating 
agents that can alkylate DNA resulting in mutations and malformations that consequently lead to cancer if 
not repaired by the naturally occurring repair enzymes (Govindachari et al. 2000, Wink 2008). Examples 
of some limonoids isolated from some members of genus Citrus is represented in Table 15.1.

%ioOoJicaO activity oI flavonoiGV

Flavonoids also constitute one of the major classes of secondary metabolites predominating in Citrus 
that eventually showed a marked role in both human diet and health. In addition, flavonoids exhibited a 
great diversity in functions and actually attracted many researchers in attributing many reasons including 
ecological, biological and chemotaxonomic, functions and acting as discriminant markers assessing food 
quality as well as potential industrial investments (Tusa et al. 2007). Flavonoids prevailing in this genus 
are highly popular as anti-allergic, anticarcinogenic, antioxidant, antiviral and as a cardioprotective agent 
(Cook and Samman 1996, Del Caro et al. 2004, Lee et al. 2004, Yu et al. 2005). Besides, they showed a 
drastic effect in improving capillary fragility and inhibiting the aggregation of human platelet (Bocco et 
al. 1998).

In spite of the comprehensive studying of the biological activity of a large number of popular Citrus 
flavonoids (e.g., tangeretin, hesperidin, naringin and diosmin, and) both in vivo and in vitro, the potential 
biological activities of others as the hydroxycinnamates and several minor flavonoids have not been fully 
elucidated in Citrus. Meanwhile, hydroxycinnamates isolated from other food crops have been widely 
investigated and was proved to exhibit marked beneficial roles, comprising their actions as antioxidants, 
antimicrobial and anticancer agents (Manthey and Grohmann 2001). 

 In an attempt to assess the biological activities of Citrus flavonoids, naringin has showed a potential 
antihypercholesterolemic activity, it reduced the total cholesterol and low-density lipoprotein cholesterol 
levels in plasma (Jung et al. 2003), moreover, hesperetin and its related derivatives significantly lowered 
the total cholesterol and triglyceride concentration in plasma (Kim et al. 2003). 

On the other hand, many other flavonoids including hesperidin, diosmin, quercetin and rutin act as a 
chemopreventive agent against colorectal carcinogenesis and neoplasia induced by azoxymethane (Tanaka 
et al. 2000, Kawaii et al. 1999). The polymethoxylated flavones in Citrus have also been shown to exhibit 
antiproliferative effects against many cell lines as well as anti-inflammatory actions (Manthey and Grohmann 
2001). For instance, nobiletin down-regulated the production of pro-matrix metalloproteinase 3, 9 and to 
interfere with the proliferation of synovial fibroblasts (Ishiwa et al. 2000). Also, it showed amelioration in 
the hepatic parameters (lipid peroxides, reduced glutathione, and catalase enzyme) in mice (Wink 1999). 
Tangeretin showed a relevant suppressive effect on malignant tumor invasion and metastasis. Besides, 
treatment of ARPE-19 human retinal pigment epithelial cells with diosmin after being exposed to a high 
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Table 15.1 Examples of some limonoids isolated from some members of genus Citrus.

Compound Structure Formula, 
molecular 
weight

Source Reference

Limonin O

O O

O

O

O

O
O

C26H30O8

M+ 470.3
C. medica
C. reticulata
Calamondin* 
(C. reticulata+ 
Fortunella sp.)
C. limon

(Cai et al. 1993)
(Breksa and Ibarra 
2007)
(Manners and 
Breksa 2004)
(Vikram et al. 
2007)

Nomilin

O

O
O

O

O

O

O

OAc

C28H34O9

M+  515.3
C. medica
C. reticulata

Calamondin*

C. limon

(Cai et al. 1993)
(Vikram et al. 
2007)
(Manners and 
Breksa 2004)
(Vikram et al. 
2007)

Obacunone

O

O
O

O

O

O

O

C26H30O7

M+ 454.4

Calamondin*

C. reticulata

C. limon

(Manners and 
Breksa 2004)
(Khalil et al. 2003)
(Moodley et al. 
1995)

Ichangin

O

O

O

O

O

O
O

HO

HO

C26H32O9

M+ 488.53
C. reticulata
Calamondin*

C. limon

(Khalil et al. 2003)
(Manners and 
Breksa 2004)
(Vikram et al. 
2007)

Deoxylimonin

O

O

O

O

O

O
O

C26H30O7

M+ 454.51

Calamondin*

C.  limon

(Manners and 
Breksa 2004)
(Miller et al. 2004)

Isolimonic acid

O

O O

O

O

O

OH

HOOC

C26H32O9

M+ 488.53
C. reticulata
C. limon

(Vikram et al. 
2007)

Table 15.1 contd.…
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Isoobacunoic acid

O

O O

O

O

O

COOH

C26H32O8

M+ 472.53
C. reticulata
C. limon

(Vikram et al. 
2007)

Deoxylimonol

O

O

O

O

OH

O
O

C26H32O7

M+ 456.53
Calamondin* (Manners and 

Breksa 2004)

7 Į-Limonol

O

O O

O

O

OH

O
O

C26H32O8

M+ 472.53
Calamondin*

C. limon

(Manners and 
Breksa 2004)
(Manners and 
Hasegawa 1999)

7Į-Limonol acetate

O

O O

O

O

OAc

O
O

C28H34O9

M+ 514.56
Calamondin* (Manners and 

Breksa 2004)

Deacetylnomilin

O

O
O

O

O

O

O

OH

C26H32O8

M+ 472.4
Calamondin*

C. reticulata

C. limon

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)
(Tian et al. 2003)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Table 15.1 contd.…
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Methyl 
deacetylnomilinate

O

MeOOC
HO

O

O

O

O

OH

C27H36O9

M+ 504.3
Calamondin*

C. reticulata

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)

Isolimonexic acid 
methyl ether

O

O O

O

O

O

O
O

O

OCH3

C27H32O10

M+ 516.21
C. reticulata (Khalil et al. 2003)

7 Į-Obacunol

O

O
O

O

O

OH

O

C26H32O7

M+ 456.3
Calamondin* (Manners and 

Breksa 2004)

Limonoic acid  
A-ring lactone

COOH

O O

O

O

O
O

OH

C26H32O9

M+ 488.53
C. reticulata

C.  limon

(Breksa et al. 
2005)
(Raman et al. 
2005)

Nomilinoate A-ring 
lactone

O
O

O

O

O

OAc OH
COOH

C28H36O10

M+ 532.58
C. reticulata

C.  limon

(Breksa and Ibarra 
2007)
(Raman et al. 
2005)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Table 15.1 contd.…
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Ichangin 4-β-glucoside

O

O

O

O

O

O

O

O

O

OH
OH
OH

HO

OH

C32H42O14

M+ 650.1
C.  limon (Matsubara et al. 

1990)

Nomilinic acid 
4–β-glucoside

O

HOOC O

O

O

O

OAc

O

O OH
OHOH

OH

C34H46O15

M+ 692.1
C.  limon (Matsubara et al. 

1990)

Ichangensin

O

O O

O

O

O

OH

C25H32O7

M+ 444.4
Calamondin*

C.  limon

(Manners and 
Breksa 2004)
(Miller et al. 2004)

Methyl isoobacunoate

O

O O

O

O

O

COOMe

C27H34O8

M+ 486.55
Calamondin* (Manners and 

Breksa 2004)

Methyl isoobacunoate 
diosphenol

O

O O

O

O

O

COOMe

OH

C27H32O9

M+ 502.2

Calamondin*

C. reticulata

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Table 15.1 contd.…
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Calamin

O

O

O

O

OH
O

MeOOC

OH

HO

C27H36O10

M+ 520.57
Calamondin*

C. reticulata

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)

Cyclocalamin

O

O O

O

O

OH

COOMe

O

C27H34O9

M+ 502.2
Calamondin*

C. reticulata

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)

Retrocalamin

O

O

O

O

OH
O

MeOOC

OH

C24H30O9

M+ 462.3
Calamondin*

C. reticulata

(Manners and 
Breksa 2004)
(Bennett and 
Hasegawa 1981)

6-Keto-7β-  
deacetylnomilol

O

O
O

O

OO

OH

O
OH

C26H32O9

M+ 488.1
Calamondin* (Miyake et al. 

1992)

Nomilinic acid

O

OH
O

O

O

O

O

OAc

HO

C28H36O10

M+ 532.58
C. reticulata
C. limon
Calamondin*

(Ozaki et al. 1991)

Deacetyl nomilinic acid

O

OH
O

O

O

O

O

OH

HO

C26H34O9

M+ 490.54

C. reticulata
C. limon

(Ozaki et al. 1991)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Table 15.1 contd.…
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Limonin glucoside

OO

O

O

O

O

HO
O

O
O

HHO H
OH

H

OHH

HOH

C32H42O14

M+  650.67

C. reticulata 
C. limon

(Ozaki et al. 1991)

Obacunone glucoside

COOH

O
O

O

O

O

O O

HO OH
OH

HO
C32H42O13

M+ 634.67
C. reticulata
C. limon

(Ozaki et al. 1991)

Obacunoic acid

O

OH
O

O

O

O

O

HO

C26H32O8

M+ 472.53
C. limon (Herman and 

Hasegawa 1985)

Obacunoic acid 
glucoside

COOH

OH
O

O

O

O

O
O

HO OH
OH

HO

HO

C32H44O14

M+ 652.53
C. limon (Tian and Schwartz 

2003)

Nomilin glucoside

COOH
O

O
O

O

O

O

OAc O

OH OH
OH

HO

C34H46O15

M+ 694.72
C. reticulata
C. limon

(Ozaki et al. 1991)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Table 15.1 contd.…
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Deacetyl nomilin 
glucoside

COOH

O

O
O

O

O

O

OH O

HO OH
OH

HO

C32H44O14

M+ 652.68
C. reticulata
C. limon

(Ozaki et al. 1991)

Nomilinic acid glucoside

COOH

OH
O

O

O

O

OAc

HO

O O

HO OH
OH

HO
C34H48O16

M+ 712.74
C. reticulata
C. limon
Calamondin*

(Ozaki et al. 1991)

Deacetyl nomilinic acid 
glucoside

COOH

OH
O

O

O

O

OH

HO

O O

HO OH
OH

HO
C32H46O15

M+ 670.70
C. reticulata
C. limon

(Ozaki et al. 1991)

…Table 15.1 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

glucose concentration perfectly alleviates the oxidative damage triggered by hyperglycemia and thus could 
offer a good candidate for the prohibition of the visual impairment sparked by diabetic retinopathy (Liu et 
al. 2017a). Similarly, hesperidin may protect retinal ganglial cells from elevated glucose-induced damage 
owing to its antioxidant properties and blockage of mitochondria-mediated apoptosis (Liu et al. 2017b).
Additionally, Apigenin is capable of diminishing glucose uptake by the cancer cells, preventing remodeling 
of the extracellular matrix as well as the molecules that cause cell adhesion that in turn participate in the 
dissemination of cancer in addition to prohibiting the development of blood vessels required for tumor 
growths (Kowalczyk et al. 2017).

The flavonoids contain several phenolic groups, which dissociate under physiological conditions into 
negatively charged phenolate ions. These phenolate ions bind with the positively charged amino groups in 
proteins to form a stable ionic bond. Therefore proteins would become fixed and would lose their structural 
flexibility. Also, phenylpropanoids are characterized by allylic side chain. They are lipophilic, uncharged 
molecules and can cross biomembranes by free diffusion. Higher concentration of this metabolite can 
influence membrane fluidity and disturb the interaction of membrane proteins with membrane lipids (Wink 
1999, Wink 2008). Examples of some flavonoids and phenyl propanoids isolated from some members of 
genus Citrus is represented in Table 15.2.
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Table 15.2 Examples of some flavonoids and phenylpropanoids isolated from some members of genus Citrus.

Compound Structure Formula, 
molecular 
weight

Source Reference

Polymethoxylated 
Àavones�
Sinensetin O

O

MeO

MeO
OMe

OMe
OMe

C20H20O7

M+ 372.37 
C. limon
C. reticulata

(Robards et al. 
1997)

Nobiletin

O

O

OMe
MeO

MeO
OMe

OMe
OMe

C21H22O8

M+ 402.39 
C. limon
C. reticulata

(Robards et al. 
1997)

5-Demethylnobiletin 

O

O

OMe
MeO

MeO
OH

OMe
OMe

C20H20O8

M+ 388.37
C. limon
C. reticulata

(Kawaii et al. 2000)

Heptamethoxyflavone

O

O

OMe
MeO

MeO
OMe

OMe
OMe

OMe

C22H24O9

M+ 432.21
C. limon
C. reticulata

(Robards et al. 
1997)

Tangeretin

O

O

OMe
MeO

MeO
OMe

OMe C20H20O7

M+ 372.37
C. limon
C. reticulata

(Robards et al. 
1997)

Natsudaidain

O

O

OMe
MeO

MeO
OMe

OMe
OMe

OH

C21H22O9

M+ 418.39
C. limon (Kawaii et al. 1999)

Isosinensetin

O

O

OMe
MeO

OMe

OMe
OMe

C20H20O7

M+ 372.37
C. limon
C. reticulata

(Robards et al. 
1997)

Table 15.2 contd.…
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Tetramethylscutellarein

O

O

MeO

MeO
OMe

OMe C19H18O6

M+ 342.34
C. limon
C. reticulata

(Robards et al. 
1997)

Quercetogenin 
hexamethyl ether

O

O

MeO

MeO
OMe

OMe
OMe

OMe

C21H22O8

M+ 402.39
C. limon
C. reticulata

(Robards et al. 
1997)

Flavonoid AJlycones�
A�Flavanone
Hesperitin

O

O

HO

OH

OH
OMe

C16H14O6

M+ 302.28
C. limon
C. reticulata

 (Robards et al. 
1997)

Eriodictyol

O

O

HO

OH

OH
OH

C15H12O6

M+ 288.25
C. limon
C. reticulata

(Robards et al. 
1997)

Naringenin

O

O

HO

OH

OH C15H12O5

M+ 272.25
C. limon
C. reticulata

(Robards et al. 
1997)

Isosakuranetin

O

O

HO

OH

OMe C16H14O5

M+ 286.28
C. limon
C. reticulata

(Robards et al. 
1997)

Citflavanone

OO

OOH

OH C20H18O5

M+ 338.35
C. medica (ITO et al. 1988)

…Table 15.2 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference
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%�Flavone

Luteolin
O

OOH

HO

OH
OH

C15H10O6

M+ 286.24
C. limon (Kawaii et al. 1999)

Flavonols�
1-Limocitrin

O

OH

OH

HO

O

OMe

OH

OMe

C17H14O8

M+ 346.29
C. limon (Baldi et al. 1995)

2-Limocitrol

O

OH

OH

HO

O

OMe

OHMeO

OMe

C18H16O9

M+ 376.31
C. limon (Baldi et al. 1995)

Isolimocitrol

O

OMe

OH

HO

O

OH

OHMeO

OMe

C18H16O9

M+ 376.31
C. limon (Baldi et al. 1995)

Flavonoid Jlycosides�
A�Flavanone Jlycosides�
Hesperidin

O

O

O

OMe

OH

O

OHHO
HO

O
OHO

HO
OH

OH

C28H34O15

M+ 610.56
C. limon
C. reticulata

(Robards et al. 
1997)

Neohesperidin

O

O

O
OMe

OH

O

OHO
HO

OH

OHO
HO OH

OH C28H34O15

M+ 610.56
C. limon
C. reticulata

(Bocco et al. 1998)

Narirutin

O

O

O

OH

OH

O

OH
HOHO

O
OHO

HO
OH C27H32O14

M+ 580.53
C. limon
C. reticulata

(Robards et al. 
1997)
(Bocco et al. 1998)

…Table 15.2 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference
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Naringin

O

O

O
OH

OH

O

OHO
HO

OH

OHO
HO OH

C27H32O14

M+ 580.53
C. limon
C. reticulata

(Bocco et al. 1998)

Naringenin7-O-glucoside
O

O

O
OH

OH

O

OHHO
HO

OH C21H22O10

M+ 434.39
C. limon (Baldi et al. 1995)

Eriocitrin

O

O

O
OH

OH

O

OHHO
HO

O
OHO

HO
OH

OH

C27H32O15

M+ 596.53
C. limon

C. reticulata

(Robards et al. 
1997)
(Bocco et al. 1998)

Neoeriocitrin

O

O

O
OH

OH

O

O
HO

HO
OH

OHO
HO OH

OH C27H32O15

M+ 596.53
C. limon
C. reticulata

(Bocco et al. 1998)

Didymin (neoponcirin)

O

O

O
OMe

OH

O
OHHO

HO
O

OHO
HO

OH C28H34O14

M+ 594.56
C. limon
C. reticulata

(Kawaii et al. 1999)
(Robards et al. 
1997)

Homoeriodictyol 
7-O-rutinoside

O

OH

OH

O

O

OMe

O

OHHO
HO

O
OHO

HO
OH

C28H34O15

M+ 610.53
C. limon (Gil-Izquierdo et al. 

2004)

%� Flavone Jlycosides�
Rhoifolin

O

OOH

O
OHO

O
HO

HO
OH

OHOHO OH

C27H30O14

M+ 578.52
C. limon (Nogata et al. 2006)

Isorhoifolin

O

OOH

O

OH

O
OHHO

HO
O
OHO

HO OH

C27H30O14

M+ 578.52
C. limon
C. reticulata

(Kawaii et al. 1999)

…Table 15.2 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference
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Diosmin

O

O

O

OMe

OH

OH

O

OH
HOHO

O
OHO

HOHO C28H32O15

M+ 608.54
C. limon
C. reticulata

(Kawaii et al. 1999)

Neodiosmin

O

OOH

O

OH
OMeO

O
HO

HO
OH

OHO
HO OH

C28H32O15

M+ 608.54
C. reticulata (Nogata et al. 2006)

Vicenin

O

O

HO

OH

OH

O
OH

OH
HO

HO

O

HO
OH

OH
HO

C27H30O15

M+ 594.52
C. limon (Tusa et al. 2007)

Narirutin 4��glucoside

O

O

OH

O

O

O
HO

HO
OH
OH

O

OHHO
HO

O
OHO

HO
OH C33H42O19

M+ 842.1
C. limon
C. reticulata

(Manthey and 
Grohmann 2001)

Apigenin 7-glucoside

O

OH

OH

O

O

OOH

OHHO
HO

C21H20O10

M+ 432.38
C. limon (Dugo et al. 2005)

Diosmetin 6,8-di-C-
glucoside

O

O

HO
OMe

OH

OH

O
OH

OH
HO

HO

O

OH
OH

OH
HO

C28H32O16

M+ 624.54
C. limon
C. reticulata

(Dugo et al. 2005)

Luteolin 6,8-di-C-
glucoside

O

OOH

HO

OH
OH

OHO

OHOH

O
OH

HO
HO

OH

OH

C27H30O16

M+ 610.52
C. limon (Baldi et al. 1995)

…Table 15.2 contd.
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Apigenin 6,8-di-C-
glucoside

O

OH

OH

HO

O

O

OH
HOHO

OHO

HO
OH

OH

OH

C27H30O15

M+ 594.52
C. limon
C. reticulata

(Dugo et al. 2005)

Chrysoeriol 6,8-di-C-
glucoside

O

OH

OH

HO

O

OMe

OHO

HOOH

OH

O

OH
HOHO

OH

C28H32O16

M+ 624.54
C. limon (Gil-Izquierdo et al. 

2004)

C�Flavonol Jlycosides�
Rutin

O

OOH

HO

O

OH
OH

O
HO OH

OH
O
O OH

OHOH

C27H30O16

M+ 610.52
C. limon

C. reticulata

(Baldi et al. 1995)
(Nogata et al. 2006)

Quercetin-3-O rutinoside-
7-O glucoside

O

OH
OH

OOH

O

O

OOH

OHHO
HO

O
HO OH

OH
O

O OH
OH

OH

C33H40O21

M+ 772.66
C. limon (Gil-Izquierdo et al. 

2004)

Limocitrol 3-β 
D-glucoside

O

OH

OH

HO

O

OMe

OMeO

OMe

OHO

HO
OH

OH

C24H26O14

M+ 538.45
C. limon (Dugo et al. 2005)

Isolimocitrol 3-β 
D-glucoside

O

OMe

OH

HO

O

OH

OMeO

OMe

O
HO

HO
OH

OH

C24H26O14

M+ 538.45
C. limon (Dugo et al. 2005)

…Table 15.2 contd.
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Limocitrin 3-β 
D-glucoside

O

OH

OH

HO

O

OMe

O

OMe

O
HO

HO
OH

OH

C23H24O13

M+ 508.43
C. limon (Dugo et al. 2005)

3henolic acids�
Caffeic acid

OH

HO

COOH C9H8O4

M+ 180.16
C. limon
C. reticulata

(Bocco et al. 1998)

P-coumaric acid

HO

COOH C9H8O3

M+ 164.16
C. limon
C. reticulata

(Bocco et al. 1998)

Ferulic acid

OMe

HO

COOH C10H10O4

M+ 194.18
C. limon
C. reticulata

(Bocco et al. 1998)

Sinapic acid

OMe

HO

COOHMeO C11H12O5

M+ 224.21
C. limon
C. reticulata

(Bocco et al. 1998)

Valencic acid

COOH

O

C12H14O3

M+ 206.24
C. medica (ITO et al. 1988)

3henolic alcohol�
Etrogol

CH2CH2OH

O

C13H18O2

M+ 206.24
C. medica (ITO et al. 1988)

…Table 15.2 contd.

Compound Structure Formula, 
molecular 
weight

Source Reference

Biological activity of coumarins

The genus Citrus constitutes one of the highly popular genera that are very rich in oxyprenylated coumarins 
(Genovese et al. 2018). Most of the isolated coumarins from genus Citrus plants were found to possess 
antioxidant (Yu et al. 2005), antibacterial (Damu et al. 2005), antifungal (Ju-Ichi et al. 1988), cardiovascular 
(Takeuti et al. 1991), antiplatelet (Teng et al. 1992), and antitumor effects (Berhow et al. 1994). Nordentatin 
revealed a promising antibacterial activity against many microbes such as Bacillus subtilis, Bordetella 
brochiseptica, Pseudomonas aeruginosa, Staphylococcus aureus, and S. lutea (Wu and Furukawa 1982).

Moreover, seselin and xanthyletin increased heart rate and slightly decreased blood pressure, moreover 
seselin showed calcium blocking activity (Takeuti et al. 1991). Other biological activities such as anticancer, 
antiproliferative, anti-inflammatory were also reported for some isolated coumarins (Gunatilaka et al. 
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1994, Garcia-Argaez et al. 2000, Kawaii et al. 2001, Murakami et al. 2005). Coumarins contain phenolic 
hydroxyl group which dissociate into negatively charged ions. This ion binds to positively charged amino 
acid residue in protein, the proteins would be become fixed and that might lead to loss of function. Moreover, 
furanocoumarins are intercalating secondary metabolites (Wink 2008). Some coumarins isolated from a 
few members of genus Citrus representatives are represented in Table 15.3. 

Biological activity of sterols

The plant sterols are known to reduce the total and Low-Density Lipoprotein (LDL) (Normen et al. 1999) and 
a high dietary intake might therefore improve health. Several investigators stated those sterols as ȕ�sitosterol, 
campesterol, and stigmasterol exhibited numerous biological effects, e.g., hypocholestermic, anticancer 
activity against colon, breast and prostate malignant tumors, immunostimulant activity, antibacterial and 
antifungal effects (Potter 1995, Awad and Fink 2000, Matvienko et al. 2002, Ju et al. 2004).

Sterols are lipophilic secondary metabolites, which can intercalate between DNA bases that lead to a 
stabilization of the DNA double helix. This stabilization disturbs the activity of DNA polymerase and this 
leads to frame shift mutations in the corresponding protein. In addition, sterols are lipophilic and uncharged 
molecules that can cross biomembranes by free diffusion. Therefore, at higher concentrations, sterol can 
influence membrane fluidity and disturb the interaction of membrane proteins with membrane lipids (Wink 
2008). Most of the relevant isolated sterols from some members of genus Citrus are found in Table 15.4.

Biological activity of acridone alkaloids

Several authors reported the acridone alkaloids isolated from Citrus species exhibited antiviral, antimicrobial, 
antifungal, mutagenic, antineoplastic, anti-herpes and antimalarial effects (Wolters and Eilert 1981, Yang et 
al. 1987, Paulini et al. 1991). Acridone alkaloids are reported to have mutagenic and carcinogenic properties 
through intercalation of DNA and related target of the organism (Wink 2008). Examples of some acridone 
alkaloids isolated from some members of genus Citrus is represented in Table 15.5. 

Biological activity of essential oils

Citrus essential oils are a major source for many natural flavoring materials of commercial importance. 
They are widely used in beverages, candy, frozen, desserts, confectionary, pharmaceuticals, cosmetics and 
perfumery industry. As a result, extensive research efforts have been directed towards analysis of these oils. 
Limonene was the main constituent in mandarin peel oils (67.0%) while Ȗ-terpinene (53.0%) and linalool 
(16.1%) were the chief constituents of leaf oil (Njoroge et al. 2005, Karioti et al. 2007). 

Singh et al. (1999) analyzed the chemical constituents of leaf and peel essential oil of C. medica by 
HPLC, GLC and GLC-MS. Twenty four components (99.7%) of the leaf oil were identified and the main 
constituents were citronellal (63.3%), citronellol (15.1%), limonene (8.0%), citronellyl acetate (5.2%), 
isopulegol (1.6%), and linalool (1.3%). While thirty five components of the peel oil, which amounting 
99.1% of the total identified components, and the major constituents are limonene (32.0%), citronellal 
(27.5%), citronellol (13.0%), p-cymene (6.5%), geranial (2.3%), Ȗ-terpinene (2.0%), citronellic acid (1.8%), 
Į-terpineol (1.2%), and linalool (1.2%) (Lota et al. 1999).

The leaf and peel essential oil of C. medica was studied and their components were investigated. 
Three chemotypes- limonene, limonene/Ȗ-terpinene and limonene/geranial/neral were observed for the 
peel oil while leaf oil exhibited the limonene/geranial/neral composition. On the other hand, the peel and 
leaf oils of C. limon L. were analyzed where 42 and 27 components were identified. The main constituents 
of the lemon peel were limonene (70.4%), while the leaf oil consisted mainly of limonene (40.8%), and 
β-pinene (18.5%) (Singh et al. 1999).

A comparative study between the volatile components of C. junos with those of C. limon have been 
studied. The two oils were distinctively different. In the C. junos oil, alcohols were the second major 
components (2.05%), while in the C. limon aldehydes (2.10%) and esters (0.63%) were more dominant 
(Njoroge et al. 1994). 
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Table 15.3 Examples of some coumarins isolated from some members of genus Citrus.

Compound Structure Formula, 
molecular 
weight

Source 5eIerences

Heraclenol

O OO

O
OH

OH

C16H16O6

M+ 304.29
C. limon oil (Ziegler and 

Spiteller 1992)

Oxypeucedanin hydrate

O OO

O

OH

OH

C16H16O6

M+ 304.29
C. limon oil (Ziegler and 

Spiteller 1992)

Byakangelicin

O OO

O

OMe

OH

OH

C17H18O7

M+ 334.32
C. limon oil (Ziegler and 

Spiteller 1992)

Heraclenin

O OO

O
O

C16H14O5

M+ 286.28
C. limon oil (Ziegler and 

Spiteller 1992)

Pabulenol

O OO

O

OH
C16H14O5

M+ 286.28
C. limon oil (Ziegler and 

Spiteller 1992)

Neobyakangelicol

OHO OO

O

OMe C17H16O6

M+ 316.31
C. limon oil (Ziegler and 

Spiteller 1992)

Oxypeucedanin

O OO

O
O

C16H14O5

M+ 286.28
C. limon oil (Ziegler and 

Spiteller 1992)

Table 15.3 contd.…
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Byakangelicol

O OO

O

OMe

O

C17H16O6

M+ 316.31
C. limon oil (Ziegler and 

Spiteller 1992)

5-(3’-Methylbut-2’-
enyloxy)-8-(2’,3’-dihydroxy-
3’-methylbutyloxy)
psoralen

O OO

O

O

OH

OH

C21H24O7

M+ 388.29
C. limon oil (Ziegler and 

Spiteller 1992)

Imperatorin

O OO

O

C16H14O4

M+ 270.28
C. limon oil (Ziegler and 

Spiteller 1992)

8-(7’,8’-Epoxygeranyloxy)
psoralin

O OO

O O

C21H22O5

M+ 354.12
C. limon oil (Ziegler and 

Spiteller 1992)

Phellopterin

O OO

O

OMe C17H16O56

M+ 300.31
C. limon oil, 
leaves

(Ziegler and 
Spiteller 1992)

Isoimperatorin

O OO

O
C16H14O4

M+ 270.28
C. limon oil (Ziegler and 

Spiteller 1992)

5-(3’-Methylbut-2’-
enyloxy)-8-(2’,3’-epoxy3’-
methylbutyloxy)psoralen

O OO

O

O O

C21H22O6

M+ 370.12
C. limon oil (Ziegler and 

Spiteller 1992)

…Table 15.3 contd.

Compound Structure Formula, 
molecular 
weight

Source 5eIerences
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Cnidicin

O OO

O

O

C

C21H22O5

M+ 354.40
C. limon oil (Ziegler and 

Spiteller 1992)

8-Geranyloxypsoralen

O OO

O

C21H22O4

M+ 338.40
C. limon oil (Ziegler and 

Spiteller 1992)

5-Methoxy-8-
geranyloxypsoralen

O OO

O

OMe C22H24O5

M+ 368.40
C. limon oil (Ziegler and 

Spiteller 1992)

Bergamottin

O OO

O

C21H22O4

M+ 338.40
C. limon oil (Ziegler and 

Spiteller 1992)

Aurapten

O OO

C19H22O3

M+ 298.38
C. limon oil (Ziegler and 

Spiteller 1992)

5-Geranyloxy-7-
methoxycoumarin

O OMeO

O

C20H24O4

M+ 328.40
C. limon oil (Ziegler and 

Spiteller 1992)

5-(3’-Methylbut-2’-
enyloxy)-7- 
methoxycoumarin

O OMeO

O
C15H16O4

M+ 260.29
C. limon oil (Ziegler and 

Spiteller 1992)

…Table 15.3 contd.
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molecular 
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Source 5eIerences
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7-(3’-Methylbut-2’-enyloxy)
coumarin

O OO

C14H14O3

M+ 230.29
C. limon oil (Ziegler and 

Spiteller 1992)

5-(2’,3’-Epoxy-3’-
methylbutyloxy)-7-
methoxycoumarin

O OMeO

O
O C15H16O5

M+ 276.29
C. limon oil (Ziegler and 

Spiteller 1992)

5-(2’,3’-Dihydroxy-
3’-methylbutyloxy)-7-
methoxycoumarin

OMeO

O

O

OH

OH

C15H18O6

M+ 294.21
C. limon oil (Ziegler and 

Spiteller 1992)

Citropten

O OMeO

OMe C11H10O4

M+ 206.19
C. limon oil
C. reticulata

(Nordby and 
Nagy 1981, 
Ziegler and 
Spiteller 1992)

Scopoletin

O

MeO

HO
O

C10H8O4

M+ 192.17
C. limon (Zobel et al. 

1991)

Osthol

OMeO
O

C15H16O3

M+ 244.29
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Seselin

O OO

C14H12O3

M+ 228.24
C. limon 

C. reticulata

(Zobel et al. 
1991)
(Nordby and 
Nagy 1981)

Bergaptol

OO
O

OH C11H6O4

M+ 202.16
C. limon oil (Ziegler and 

Spiteller 1992)

Limettin a

OH3CO

O

O

C15H16O4

M+ 260.12
C. limon oil (Ziegler and 

Spiteller 1992)

…Table 15.3 contd.
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Limettin b

OMeO

O

O

C20H24O4

M+ 330.12
C. limon oil (Ziegler and 

Spiteller 1992)

Xanthyletin

O OO
Me

Me

C14H12O3

M+ 228.24
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Xanthoxyletin

O OO
Me

Me

OMe C15H14O4

M+ 258.27
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Alloxanthoxyletin

O O

O

C15H14O4

M+ 258.27
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Suberosin

OMeO O

C15H16O3

M+ 244.29
C. limon 
C. reticulata

 (Nordby and 
Nagy 1981)

Braylin

O O

MeO

O

Me Me

C15H14O4

M+ 258.27
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Luvangetin

O OO
Me

Me
OMe

C15H14O4

M+ 258.27
C. limon 
C. reticulata

(Nordby and 
Nagy 1981)

Bergapten

O OO

OMe C12H8O4

M+ 216.19
C. limon oil (Chouchi and 

Barth 1994)

Table 15.3 contd.…
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Umbelliferone

OHO O

C9H6O3

M+ 162.14
C. limon juice (Feldman and 

Hanks 1965)

Esculetin

O OHO

HO C9H6O4

M+ 178.14
C. limon root, 
leaves

(Feldman and 
Hanks 1965)

Herniarin

O OMeO

C10H8O3

M+ 176.17

C. limon oil (Chouchi and 
Barth 1994)

…Table 15.3 contd.

Compound Structure Formula, 
molecular 
weight

Source 5eIerences

Table 15.4 Examples of some sterols isolated from some members of genus Citrus.

Compound Structure Formula, M. Wt Source 5eIerences
Campesterol

HO

H

C28H48O
M+ 400.69

C. limon
C. reticulata

(Jimpnez-Escrig et al. 2006)
(Douglas and Sykes 1985)

Stigmasterol

HO

H

C29H48O
M+ 412.69

C. limon
C. reticulata

(Jimpnez-Escrig et al. 2006) 
(Douglas and Sykes 1985)

β-Sitosterol

HO

H

C29H50O
M+ 414.71

C. limon
C. reticulata

(Jimpnez-Escrig et al. 2006) 
(Douglas and Sykes 1985)

Cholesterol

HO

H

C27H46O
M+ 386.66

C. reticulata (Douglas and Sykes 1985)
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Table 15.5 Examples of some acridone alkaloid isolated from some members of genus Citrus.

Compound Structure Formula, molecular 
weight

Source 5eIerences

Citracridone I

N O
OMe

HO

O OH

Me

Me
Me

C20H19NO5

M+ 353
C. limon (Chang 1990)

Citrusinine I
N

OHOMe

O

Me
MeO

OH

C16H15NO5

M+ 301
C. limon (Chang 1990)

5-Hydroxynoracronycine

N O
OH

O OH

Me

Me
Me

C19H17NO4

M+ 323
C. limon (Chang 1990)

9(10H)-Acridinone

N
H

O C13H9NO
M+ 195

C. reticulata (Sun et al. 2007)
 

It was reported that C. reticulata and C. medica essential oils were found to exhibit a promising 
fungitoxic activity with growth inhibition of 45% and 30%, respectively. C. limon and C. medica essential 
oils were screened on both MCF-7 and HeLa. IC50 for HeLa cell line was 17 �g/mL and 1 μg/mL for  
C. limon and C. medica, respectively. In addition, they found that C. limon had a greater cytotoxic effect 
on MCF-7 than that on HeLa cells (Tripathi et al. 2008, Monajemi et al. 2010).

The antifungal efficacy, antiviral and the higher significant reduction of DPPH radicals (antioxidant) 
of the mandarin oils and the activity might be related to the presence of N-methylanthranilate (Schnitzler 
et al. 2008). Recently, the essential oil of Citrus lumia Risso had shown a pronounced antioxidant, anti-
cholinesterase, and neuroactive with a potent acetylcholinesterase inhibitory activity as well as anti-
cholinesterase using both cell-free in addition to cell-based assays (Smeriglio et al. 2017). Moreover, 
the essential oil of Citrus aurantium L. presented a potent anxiolytic activity in cocaine users who were 
subjected to Simulated Public Speaking (Chaves Neto et al. 2017).

Essential oil contains lipophilic terpenoids which can enter into the membrane of the cell and 
form hydrophobic interaction with the lipophilic side chains of phospholipids or cholesterol. Higher 
concentrations can influence membrane fluidity and disturb the interaction of membrane proteins with the 
membrane lipids, which are important for proteins correct three dimensional conformation. Any change 
in protein will modulate its activity (Wink 2008). 

Conclusions

The family Rutaceae in general and genus Citrus in particular act as a natural everlasting source of 
medicinally effective phytoconstituents that could be of high relevance in curing a wide array of ailments. 
Undoubtedly this is attributed to their richness by several classes of active constituents comprising 
limonoids, flavonoids, coumarins and essential oils. Nevertheless, more thorough phytochemical and 
biological studies should be done on many of its species to discover more of its biological importance and 
secondary metabolites guided by its earlier traditional popularity. 
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Introduction

The increasing use of plants and herbal extracts with therapeutic purposes curing or preventing several 
diseases has made these plants’ extractivism an indispensable choice in national agriculture and popular or 
traditional medicine. The medicines represent the support of small and medium national pharmaceuticals 
industries. 

Among the cultivated medicinal plants, there is a very good amount of exotic species; however, many 
of the native plant species are used by the population based on chemical and pharmacological researches, 
or on empirical or traditional knowledge. 

Since the civilization’s earliest days, plant species have been a main source of resources enabling 
accumulation and learning based on the information experience about the environment through the constant 
observation of natural phenomena in order to improve the conditions of feeding and, mainly, the search 
for a cure of many diseases, thus demonstrating a close relation between medicinal plants’ use and their 
own evolution. There are reports existing of the use of vegetal extracts as medicines between 4500 and 
1600  B.C. (Miguel and Miguel 2000, Rokaya et al. 2010, Allabi et al. 2011). Miraculous powers were 
attributed to sorcerers, shamans, magicians, healers, among others who had the known—wisdom of the 
poZer of druJs and�or poisons. ThrouJh this empirical �non�scientific� method it became possible to 
accumulate knowledge about the use of medicinal plants with the purpose of prevention, treatment, and 

1 Department of Chemistry, Federal University of Piauí, Ininga, 64049-550, Teresina, PI, Brazil.
2 Institute of Education, Science and Technology of Maranhão, 65760-000, Presidente Dutra, MA, Brazil.
3 Department of Pharmacy, Federal University of Piauí, 64049-550 Teresina, PI, Brazil.
* Corresponding author: chistiane@ufpi.edu.br



272 Ethnobotany: Application of Medicinal Plants

cure of several diseases; being a referential and inexhaustible source of new compounds in the search for 
phytomedicines (Corrêa et al. 2003, Leonti et al. 2010). 

Until the 19th century, therapeutic resources were constituted predominantly by plants and their 
extracts. These last ones represented homemade medicine used at that time. The use of these extracts for 
therapeutic purposes Zere anchored in popular and scientific knoZledJe. ,n this conte[t, medicinal plants 
were used in many ways and in different forms such as: isolated active substances suppliers, such as total 
e[tracts, purified or selected e[tracts, as a druJ in the preparation of infusions or decoctions �6im}es  
et al. 2000).

 In this matter, Brazil stands out as a country with great research potential on plant species, since it has 
the largest and richest biodiversity on the planet (Nascimento 2013). One medicinal plant family that has 
aroused a Jreat interest of the scientific community due to the promisinJ chemical and bioloJical properties 
is the family Clusiaceae (Noldin et al. 2006, Nualkaew et al. 2012). This family comprises approximately 
1000 subordinated species to 47 genera, distributed in tropical and subtropical climate regions of the planet 
and a genus that reaches temperate regions. Of these genera, nine have about 90 species that are edible 
(Barroso et al. 2002, Costa Júnior 2011a). Furthermore, many of these species are widely used in popular 
medicine for pain treatment, infection, inÀammation, and ulcer control �1oldin et al. �����.

 Regarding chemosystematics, plants belonging to this family are mainly composed by the following 
secondary metabolites� coumarins, [anthones, steroids, triterpenes and ÀaYonoids� these natural metabolites 
haYe led to Jreat interest from seYeral researchers, especially from the medical field, since many of these 
substances are endowed with important biological activities. Many of these natural metabolites have 
shown some activities such as antidepressant, antioxidant, antifungal, cytotoxic, anti-HIV and antibacterial 
(Monache et al. 1988, Gustafson et al. 1992, Noldin et al. 2006, Costa Júnior 2011a).

Studies about the chemical composition of the family Clusiaceae’s plants have shown that they are 
also rich in polyisoprenylated benzophenones (Costa Júnior 2011a).

This chapter describes Platonia insignis Mart. including its economic importance. In addition, it 
makes a general overview on the biological-pharmacological properties as well as the main constituents 
found in this plant.

Platonia insignis Mart. (bacurizeiro)

The bacurizeiro is a plant species that belongs to the family Clusiaceae, subfamily Clusioideae and Platonia 
Jenus. ,t is a monotypic species, classified as Platonia insignis Mart. (Braga 1976). It is composed of 1000 
species and 47 genera distributed in tropical and subtropical regions of the world. The term Platonic is an 
Platan¶s attribute, a *reek philosopher, and insiJnis, means notable, siJnificant, important, Jreat, in other 
words, something that draws much attention, in reference to the physical structure and utility of the plant, 
as Zell as its si]e, ÀaYor, and fruit aroma �%arroso et al. ����, Moura et al. �����.

The bacurizeiro is a large fruit tree, with a height from 15 to 25 meters and a diameter up to 100 cm 
(Cavalcante 1988). This tree is native to the Amazon region of Brazil and Guyana, but is also found in 
Colombia and Paraguay, always occurring in open undergrowth areas, clearings and, mainly, secondary 
vegetation, rarely found in dense primary forest (Cavalcante 1988, Mourão and Beltrati 1995, Chitarra 
and Chitarra 2005, Fontenele et al. 2010). In Brazil, the dissemination center is the state of Pará, where a 
wide range of fruit shape, size, pulp yield and quality is found, besides other characteristics of economic 
interest� it can also be find in the states of Maranhmo, Mato *rosso, 3iaut and *oiis �)erreira et al. ����, 
Silva and Donato 1993, Villachica et al. 1996, Aguiar et al. 2008). In the state of Piauí, the bacurizeiro 
is found in limited lands to the north in the cities of Murici dos Portelas, Amarante and Palmeirais. It is 
commonly known as “bacuri”, “bacuri-açu”, “pakoori”, and “wild mamme aple” in Guyana, “pakoelie” and 
“geelhart” in Suriname, “parcori” in French Guiana and “matazona” in Ecuador (Mourão and Beltrati 1995).

The bacuri is a large fruit bacurizeiro, round, with a thick rind and it has a yellowish color as it can 
be observed in Fig. 16.1, inside the bark there is pulp, which has a whitish color, being viscous with very 
pleasant odors and ÀaYors �)ontenele et al. �����. The fruit shoZs Jreat potential, not only from the point 
of view of its industrial processing, in ice cream preparation, creams, soft drinks, jams and jellies; but also 
for in nature consumption (Silva et al. 2010). When it is in the process of ripening, it exudes a soft and 
fragrant odor and is rich in terpenes (Calvazara 1970, Alves and Jennings 1979).
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,n Jeneral, the number of seeds per fruit is from one to fiYe, Zith predominance from tZo to four 
seeds �9illachica et al. �����. ,n abnormal cases, fruits containinJ up si[ seeds can be find �Mourmo ����� 
or, in other cases without seeds (Calzavara 1970). According to Teixeira et al. (2005), bacuri is a non-
climacteric fruit, which means that it only ripens when bound to the plant and in most trees, the fruits fall 
when ripe, so that harvesting fruits consists of collecting them from the soil (Fao 1987). The expression 
“bacuri” is from Tupi origin which means: “to fall” and curi: “soon”, in other words, it only falls when 
it matures, indicating that it has ripened completely. After this phase, they do not improve their sensorial 
and nutritional characteristics, although a slight softening and loss of green color can be noticed (Nagy 
et al. 1990, Souza et al. 2001).

In Brazil the pulp has a very pleasant odor and taste, which is popularly accepted, both in the “in 
nature” way and in the preparation of sweetmeats, pies, jams, juices, jellies, and ice creams. The shell can 
also be used to make sweetmeats, creams, and ice creams, increasing fruit yield, and consequently adding 
values. This process must occur after the separation of the existing resin from this part of the fruit (Aguiar 
2006). The growing demand for the fruit has stimulated producers to establish growing areas. The seeds of 
bacuri fruit have no utility in food, however, they can be used in the production of soap or the production 
of bacuri Jrease. The oil e[tractinJ process occurs Zith Jreat difficulty once the seeds are soaked in Zater 
for more than a year and then boiled, the oil being removed from the surface of the boiling water. The 
bacuri butter makes the skin look golden, within a few minutes after its application, it is absorbed and the 
skin is left with a velvety touch, besides removing spots, and diminishing scars (Ferreira 2008, Moraes 
and Gutjahr 2009, Costa Júnior 2011a).

Pharmacological activities of Platonia insignis Mart.

Species from the family Clusiaceae such as P. insignis Mart. (bacurizeiro) are important medicinal plants 
used in Brazilian popular medicine, mainly for eczema, herpes, gastrointestinal diseases, dermatitis, 
schistosomiasis, leishmaniasis and malaria treatments. Studies involving the biological-pharmacological 
properties of this species can be seen in literature and most of these studies are especially focused on the 
seeds vegetal extracts of P. insignis Mart. Vegetal extracts or fats have shown important pharmacological 
actiYities such as� anti�inÀammatory, antimalarial, antihypertensiYe, antidiabetic, immunomodulatory�
respiratory, antiviral, antitumor, antidepressant, anti-allergic, anti-mutagenic and anti-oxidant effects 
(Bilanda et al. 2010, Costa Júnior et al. 2013a). In addition, these extracts are widely used in popular 
medicine for the treatment of various diseases such as: diarrhea, skin problems, earaches, spider and 
snakes’ bites, rheumatism, arthritis and even as healing (Moraes and Gutjahr 2009, Costa Júnior et al. 
2013a, Costa Júnior et al. 2013b).

The “bacuri grease” obtained from the seeds oil is commonly used in popular medicine as healing for 
burns and in the treatment of dermatological diseases (Agra et al. 2007). In vivo assays demonstrated its 
potential to accelerate the healing of rats’ skin wounds (Santos et al. 2013, Feitosa et al. 2016). Popularly, 
the seeds’ decoction is used for diarrhea treatment, while the seed`s oil is used both against spider and 
snakes’ bites and in the treatment of skin problems, otitis, rheumatism, and arthritis (Agra et al. 2008, 
Mendes et al. 2014). 

Fig. 16.1 Fruits and seeds  of  P. insignis Mart. Source: Adapted by Costa Júnior 2011a.   
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Pharmacological studies demonstrated that the ethyl acetate fraction from the P. insignis Mart. seeds 
have anticonvulsant activity potential in rats induced by pilocarpine (Costa Júnior et al. 2011b).

Through the leishmanicide property of the P. insignis Mart. seeds’ extracts a patent order was requested 
(Citó et al. 2011), based on hexane activities, dichloromethane and ethyl acetate, and especially in isolated 
tautomerics substances, garcinielliptona FC (GFC) (Fig. 16.2), which presented a potential leishmanicidal 
activity against the Leishmania amazonensis promastigotes forms (Costa Júnior et al. 2013a, 2013b).

6tudies analy]inJ the to[icoloJical profile of *)& in animals, after the administration of 6Ziss mice 
treated by oral and intraperitoneal ways, showed that it did not produce toxic effects as evidenced by the 
absence of toxicity or mortality signs in the animals during the experimental period. However, a study by 
Prado et al. (2017) investigating the cytotoxic, genotoxic, and mutagenic effects of GFC, showed that GFC 
concentrations aboYe �� ȝJ mL–1 were cytotoxic during the experimental time. No GFC concentration was 
mutagenic or genotoxic in the salmonella/microsome and comet assays. 

The in vitro anti-oxidant property of bacuri has been commonly reported through the loss of 
free radicals. This exhibits a possible protective action against the appearance and/or development of 
deJeneratiYe processes associated Zith seYeral types of diseases �5ufino et al. ����, 9ieira et al. ����, 
Costa Júnior et al. 2013a). 

The research conducted by Santos Júnior et al. (2010) allows us to suggest a potential healing activity 
for the P. insignis Mart. seeds oil in their experiments using “bacuri grease” to heal cutaneous wounds 
in the dorsal reJion of rats. The results shoZed that the lard Zas efficient in the treatment and the treated 
animals showed considerable re-epithelialization.

Mendes (2013) tested the healing activity of a pasty pharmaceutical formulation containing the 
compound 1,3-distearyl-2-oleyl glycerol (TG1) (Fig. 16.3), a triglyceride isolated from the hexanic extract 
of P. insignis Mart. seeds in Wistar rats. Macroscopic and histological analysis of the mice’s wounds treated 
with the cream containing TG1 demonstrates a possible healing activity of the compound.

In studies performed by Mendes et al. (2014), the ethyl acetate fraction of the ethanolic extract from 
the bark of bacuri promoted a powerful hypotensive effect, related to Į-adrenergic receptors.

Evaluating the in vitro anti-oxidant potential of P. insignis Mart. hexanic extract and its ȕ-cyclodextrin 
inclusion complex against lipid peroxidation (2-thiobarbituric acid–TBARS formation inhibition); removing 
hydroxyl radical, and nitrite radical production in vivo inhibition, both extract and inclusion complex could 
inhibit lipid peroxidation by reducing the amount of TBARS, of hydroxyl radical and nitrite production 
(Nascimento et al. 2015).

Results reported by Costa Júnior et al. (2013b) indicated that the ethyl acetate and dichloromethane 
fractions of P. insignis ethanolic extract showed antioxidant activities in vitro, measured by 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vivo 

Fig. 16.2 Chemical structure of the garcinielliptona tautomerics (1/1a). Molecular structures were drawn with ChemDraw13 
(Perkin Elmer).
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assays, measured by protective effects against H2O2-induced cytotoxicity in Saccharomyces cerevisiae 
stranins; leishmanicidal effect and genotoxicity in V79 cells where the compounds Į-mangostin and Ȗ-
mangostine are responsible for these actions.

Other biological activities of P. insignis Mart. seeds reported in the literature are antimicrobial, against 
Saccharomyces cerevisiae strains; cytotoxicity in Artemia salina; genotoxic effect on Chinese hamster 
lunJ fibroblasts �9���� pilocarpine�induced anticonYulsiYe effect� healinJ� anti�inÀammatory actiYity and 
stimulatory effect on mice’s Central Nervous System (CNS) (Costa Júnior et al. 2010, Santos Júnior et 
al. 2010, Costa Júnior et al. 2011a, 2011b, 2011c, Costa Júnior et al. 2013a, 2013b). Table 16.1 lists the 
biological activities described in the literature for all parts of the bacuri fruit.

Fig. 16.3 Chemical structure of 1,3-distearyl-2-oleoyl glycerol molecular structures were drawn with ChemDraw13. (Perkin 
Elmer).

Table 16.1 Biological activities of the bacuri fruit parts. 

Part Biological activities References

Seeds Diarrhea, skin problem,
Earaches; Spider, snakes and insect bites; 
Rheumatism and arthritis; Healing; leishmanicidal 
actiYity� Antio[idant� Anti�inÀammatory� 
cytotoxicity in Artemia salina; genotoxic effect on 
&hinese hamster lunJ fibroblasts� AnticonYulsiYe 
effect induced by pilocarpine; Protective effect, 
reducing lipid peroxidation; Anticonvulsive 
activity; CNS stimulatory effect in mice                                

Moraes and Gutjahr 2009, Costa Junior et 
al. 2010, Santos Júnior et al. 2010, Costa 
Júnior et al. 2013a, 2013b, Costa Júnior et 
al. 2011a, 2011b 

Pulp Antioxidant activity 5ufino et al. ����

Trunk bark Eczema treatment, herpes virus and dermatitis 
treatment

Shanley and Medina 2005 

Fruit peel Hypotensive activity Mendes et al. 2014

Source: Adapted from Klenicy et al. 2014 

Chemical composition of Platonia insignis Mart.

The P. insignis Mart. is a vegetal species composed mostly of terpenes, xanthones and phenols. Thus, the 
interest of this species has aroused the food industry due the potential of its biological activities found 
(Yamaguchi et al. 2014). The Platonia genus is quite abundant in several natural substances (metabolites) 
such as xanthones (euxanthones), fatty acids, and triacylglycerols (Hilditch and Pathak 1949, Roberts 
1961, Bentes et al. 1986).

Research on P. insignis fruit pulp detected the ascorbic acid (1) of Fig. 16.4 and the presence of 
polyphenols as the main bioactive compounds (Clerici and Carvalho-Silva 2011). The xanthones class 
is responsible for several pharmacological properties of great importance, such as: antitumor, anti-
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inÀammatory, antithrombotic, antimicrobial and neuropharmacoloJical effects, thus inducinJ the formation 
of neurites in nervous tissue (Mak et al. 2000, Ha et al. 2006).

The search for components with active biological activities of the family Clusiaceae, Costa Júnior 
et al. (2011b) investigated bioactive components of P.insignis seeds and isolated tautomerics compounds 
from a polyisoprenylated benzophenone, garcinielliptona (1/1a) (Fig. 16.2). These substances have been 
identified by spectroscopic methods. Another isolated compound from the same P. insignis seed extract 
was the triacylglyceride, 1,3-distearyl-2-oleyl glycerol (Fig. 16.3). The fruit of this species is also rich in 
ȕ-carotene (2) (Rodriguez-Amaya et al. 2008).

Phytochemical studies of pericarp hexanic extracts and bacupari seeds, Garcinia brasiliensis (species 
from the same bacuri family), methanolic extract showed, respectively, the presence of prenylated 
benzophenones, 7-epiclusianonae (3) and guttiferone-A (4). Both vegetal extracts and isolated compounds 
were pointed out as potential herbal remedies for diseases caused by gram negative microorganisms 
(Naldoni et al. 2009). The acylphloroglucinol substance, which is a polyclenyl polycyclic isolated from 
the Clusiaceae family, has aroused the interest of many researchers, because this substance presents an 
important range of pharmacological properties: antimicrobial (Oliveira et al. 1999), leishmanicide (Pereira 
et al. 2010), antidepressant (Cuesta-Rubio et al. 2002), antioxidant (Cuesta-Rubio et al. 2002, Ciochina and 
Grossman 2006, Chen et al. 2010), cytotoxic (Baggett et al. 2005), antiretroviral (Piccinelle et al. 2005), 
anti�inÀammatory �:enJ et al. ����� and antitumoral �=eisser�Labaupbe et al. ����, +enry et al. �����. 

 6tudies on the bacuri pulp identified the presence of chemical constituents Zith antio[idant proprieties 
such as Yitamins & �ascorbic acid�, Yitamin ( �tocopherols�, ÀaYonoids, anthocyanins, and polyphenols, 
also, the presence of glutamine and glutamic acid (as major aminoacids). Saccharides (glucose, fructose and 
sucrose� and metals �1a, ., &a, MJ, )e, =n and &u� Zere obserYed in hiJher amounts than those found in 
Ama]on reJion fruits, such as araoi�boi and cupuaou �5oJe] et al. ����, 5ufino et al. �����. The analysis 
of volatile compounds studies of P. insignis Mart. showed the presence of terpene alcohols,  linalool being 
the the most abundant (5) (Alves and�Jennings 1979, Boulanger et al. 1999, Rogez et al. 2004, Franco 
and�Janzantti 2005). P. insignis shells showed a high euxanthone content (6) (1.3%), a yellow crystalline 
substance with melting point 240°C that undergoes sublimation easily (Roberts 1961).

In phytochemical studies of seeds lipid fractions of P. insignis Mart. confirmed the presence of fatty 
acids such as palmitic acid (7) (44.2%), palmitoleic (8) (13.2%), stearic (9) (2.3%), oleic (10) (37,8%) and 
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Fig. 16.4 Shows some of the P. insignis Mart. (Bacurizeiro) constituents chemical structures.
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linoleic (11) (2.5%), besides 10% tripalmitin (12), indicating it is a good alternative for the oil industry 
(Bentes et al. 1986).

In the P. insignis Mart. low polarity fraction detected the presence of cauran and labdane diterpenes 
skeletons, caura-16-ene (13) and E-labda-8 (20), 13-diene-15,19-dioic acid (14), respectively. These 
diterpene skeletons are normally associated with pharmacological activities, since there are antibacterial 
and anti�inÀammatory actiYities reports for some diterpenes, such as those found in copaiba �Copaifera 
sp.) and Eperua species fi[ed oils and resins �Leandro et al. �����. ,n the medium polar fraction, analy]ed 
by Gas Chromatography coupled to Mass Spectrometer (GC-MS), detected the presence of the xanthones: 
1,3,5,6-tetrahydroxy-2,2-(2-methylbut-3-en-2-yl)-7-(3-methylbut-2-enyl)-xanthen-9-one (15) (Gamma- 
mangostin), associated with 1-hydroxy-3,5,6-trimethoxyxanthen-9-one (16) and 1,3,6-trihydroxy-7-
methoxy-2,8-bis- (3-methylbut-2-enyl)-xanthen-9-one (17) (Costa Júnior et al. 2012).

The volatile substances present in P. insignis are basically concentrated on the shell. Through the shell 
supercritical Àuid e[traction, the folloZinJ compounds Zere detected� fatty acids� palmitic, oleic, linoleic, 
linolenic, stearic, caprylic and myristic; the alcohols found were: linalool, 3,7-dimethyl-oct-1-ene-3,7-
diol and terpineol; in addition to linalool oxide; eugenol ether; the following hydrocarbons: bisabolene, 
2-methylheptane and nonacosane, as well as trimethyl citrate (Monteiro et al. 1997).

Table 16.2 shows the pharmacological properties of P. insignis Mart. main bioactive compounds.
Figure 16.4 shows some of the P. insignis Mart. (Bacurizeiro) constituents chemical structures.

Table 16.2 Pharmacological properties of P. insignis mart. Main bioactive compounds. 

Bioactive compounds Pharmacological Properties References 

Xanthones Antitumoral
Anti�inÀammatory
Antithrombotic
Antimicrobial
Neuropharmacological

Roberts 1961
Mak et al. 2000
Ha et al. 2006
 

Fatty acids Accelerates healing Calder 2003
Cardoso et al. 2004
Hatanaka and Curi 2007
Costa Júnior et al. 2011a

Acylphloroglucinol
Polycyclic
polyprenylated

Antimicrobial
Leishmanicide
Antidepressant
Antioxidant
Cytotoxic

Oliveira et al. 1999, Cuesta-Rubio et al. 
2002, Baggett et al. 2005
Pereira et al. 2010
Ciochina and Grossman 2006
Chen et al. 2010

Euxantone Antiretroviral
Anti�inÀammatory
Antitumoral
Pro-oxidant effect on DNA

Piccinelli et al. 2005
Weng et al. 2004
=eisser�Labouebe et al. ����
Henry et al. 2009
Wu et al. 2008

Garcinielliptona FC Anti�inÀammatory
Vasodilator
Neurrite promoter
In vitro antioxidant action by TBARS 
methods, hydroxyl radicals (OH) 
sequestration and nitric oxide (NO)
Cytotoxic activity
Leishmanicide

Harborne et al. 1999
Fang et al. 2006
Ha et al. 2006
Naidu et al. 2007
Costa Júnior et al. 2013a, Costa Júnior et 
al. 2011a

TG1 Acetylcholinesterase enzyme inhibitory 
action
Healing

Santos 2012, Feitosa et al. 2016, Mendes 
2013

Source: Adapted from Santos et al. 2013 
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Anticholinesterase activity test

The inhibition of the acetylcholinesterase enzyme, AChE, a key enzyme in the acetylcholine degradation, 
serve as a strategy for various neurodegenerative diseases treatment such as Alzheimer’s Disease (AD). 
There are some synthetic and natural rivastigmine-based medicine for the cognitive dysfunction and memory 
loss associated with AD treatment. These compounds have been known for an adverse effect, including 
Jastrointestinal problems and disorders, associated Zith their bioaYailability, Zhich reTuires in findinJ 
more efficient acetylcholinesterase en]yme �A&h(� inhibitors from natural resources �MukherMee et al. 
�����. A' is related to coJnitiYe deficit and memory retention due to the cholinerJic neurotransmission 
disMunction, another efficient treatment for this disease is based on the acetylcholine leYels increase from 
the acetylcholinesterase (AChE) enzyme inhibition, that is the cholinergic hypothesis.

In the same context, the search for new AChE inhibitors present in natural products, such as P. insignis 
Mart. extracts, which may have fewer side effects to be used as phytotherapies in the future, has increased. 

One of the frequently used assays to detect the anticholinesterase activity is the Ellman assay. Ellman 
et al. (1961) developed an assay through a photometric method which is able to measure the AChE activity 
in natural products, tissues extract, homogenates, cell suspensions, among others. The AChE use stands 
out as one of the fastest and most sensitive bioassays to select samples with anticholinesterase action. 

The enzyme qualitative inhibition test is performed on silica gel chromatoplate. Caffeine and isolated 
substances or e[tracts in fiYe concentrations are applied on the plate �positiYe standard� �imaJe A of  
Fig. 16.5). The eluents used are: chloroform-methanol (9:1) (image B of Fig. 16.5). The plates are 
sprayed with a solution formed by mixing a 10 mL Tris (hydroxymethyl methane) buffer pH 8, 2,9 mg of 
acetylcholine iodide and 4 mg of 5,5’-dithiobis (2-nitrobenzoic acid) (image D of Fig. 16.5). After drying 
the plate, the AChE enzyme with concentration of 5 U mL–1 is sprayed. A positive result for the AChE 
(anticholinesterase activity) inhibition is obtained from the yellow chromatoplate with white halos (image E of  
Fig. 16.5), and it was necessary to proceed with this enzyme quantitative inhibition test.

Fig. 16.5 Ellman assays for TLC (A) sample application and positive pattern, (B) sample sowing, (C) sample eluted, (D) 
sample spray, (E) positive result of cholinesterase activity.

The A&h( actiYity measurement can be performed accordinJ to the (llman Method ������ modified 
by Ingkaninan et al. (2001) for Thin Layer Chromatography (TLC). The principle of this method is the 
thiocholine production ratio measurement when the acetylthiocholine iodide substrate is hydrolyzed 
by the AChE. When thiocholine reacts with 5,5’-Dithiobis-2-nitrobenzoic acid (DTNB) produces the 
yellowish anion 5-thio-2-nitrobenzoate (Fig. 16.6). The yellow color production ratio is measured in a 
spectrophotometer ���� nm� or Yisuali]ed in thin TL& by Zhite spots on a yelloZ field. Al]heimer¶s disease 
is related to neurotransmitter acetylcholine decrease. 
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Fig. 16.6 Formation of the 5-thio-2-nitrobenzoate yellow anion resulting from the reaction between a thiocholine and the 
5,5’-dithiobis-2-nitrobenzoate ion.

Conclusion

In the extract and isolated substances of Platonia insignis Mart. (bacurizeiro) phytochemical and 
pharmacological studies demonstrated that this species is a potential promising source for elaboration 
of possible drugs. Some of the pharmacological properties that were found in this plant’s extract and 
isolated compounds Zere anti�inÀammatory, antio[idant, anticonYulsiYe, healinJ and anticholinesterase. 
These characteristics are important for the preparation of drugs from this medicinal plant. In its chemical 
composition, bacuri presents classes of terpenes, xanthones and phenolic compounds as major constituents. 
Some of these classes of compounds present biological activities related to the ethnopharmacological use 
and activities found.

Thus, interest is aroused in the food industry for bacuri due to the potential biological-pharmacological 
activities found.
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