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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 Mufioz-Acevedo
Mahendra Rai
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Some Medicinal and Aromatic Plants
lsed for the Treatment of Cancers/
Tumaors, with Special Reference to
|ts Scientific Validations

Amner Munoz-Acevedo,"* Maria C. Gonzdlez,' Sandra M. Rodriguez,*
Martha Cervantes-Diaz? and Carlos E. Diaz*

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 significantly (e.g., behavioral, labor and dietary risks, and viruses). For this reason, a timely
cancer diagnosis is required in order to receive the adequate treatment, e.g., radiotherapy, chemotherapy,
and surgery, or combination thereof, which are the most frequent therapeutical alternatives. If the cancer
is detected and treated early, it has a high cure rate. Based on the statistical data recorded up to 2014,
ca. 14 million of people were diagnosed, ca. 8 million of them died, and it is expected to increase ca. 19
million of people diagnosed for 2024. The cancers that produced the most deaths were lung cancer, liver
cancer, colorectal cancer, stomach cancer, and breast cancer; it is very important to emphasize that cancer
mortality is higher in men than in women (1.4 men/1 woman).

Since 1995 until 2017, the most prestigious multinational pharmaceutical companies (e.g., Novartis,
Bristol-Myers Squibb, Boehringer Ingelheim, Bayer HealthCare, etc.) have registered ca. 215 drugs for
treatment of cancer and palliative care in the U.S. FDA agency, which has approved them for marketing.
Despite this, the pharmaceutical industries are in a search of new drugs for the treatment of cancer,
with highest effectiveness, and lowest toxicity and side effects; some active pharmaceutical ingredients

' Chemistry and Biology Research Group, Department of Chemistry and Biology, Universidad del Norte, Barranquilla,
Colombia.

2 Economic Analysis Group, Caribbean Economic Studies Institute - Department of Economy, Universidad del Norte, Colombia.

3 Environmental Research Group for Sustainable Development, Environmental Chemistry Faculty, Universidad Santo Tomas,
Bucaramanga, Colombia.

4 Photochemistry and Photobiology Research Group, Department of Chemistry, Universidad del Atlantico, Barranquilla,
Colombia.

* Corresponding author: amnerm@uninorte.edu.co
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(f.i., afatinib, belinostat, cabozantinib, eribulin, nivolumab, etc.) obtained by means of chemical synthesis
have been effective for treatment of some types of cancers. Besides producing synthetic drugs, some
biologically active molecules (e.g., etoposide, teniposide, topotecan, irinotecan, paclitaxel, and vinblastine/
vincristine) against cancer have also been isolated from plants (e.g., Podophyllum peltatum, Camptotheca
acuminate, Taxus brevifolia, and Catharanthus roseus) and approved by FDA for use.

In the scientific literature, numerous articles have been published about plants that have presented
cytotoxicity/antiproliferative/antitumor properties on different cell lines, which have proved to be
promising. Nevertheless, some of them were not “medicinal plants”, or if they were medicinal plants
did not have ethnobotanical uses for treatment of cancer; thus, the anticancer activity was the result of
“serendipity”. In contrast, other medicinal plants that have been used in ethnomedicine for treatment of
cancer, when they were tested on cancer cell lines did not have any effectivity. Therefore, after a thorough
review of medicinal plants with anticancer/antitumor properties, evidenced in the traditional medicine and
scientifically validated, were selected ca. 49 plants, most of them from the ethnobotanical point of view,
were useful to treat cancer in general, whose 50% inhibition/lethal/effective concentration/dose values
were lower than 10 pg/mL or 10 mM.

Finally, the patent analysis related to the development of anticancer/antitumor drugs from the
plants selected allowed to establish that the highest number of patents by plant was for Solanum lyratum
(56 patents), followed by Curcuma longa (54 patents), Marsdenia tenacissima (54 patents), Sarcandra
glabra (44 patents), and Withania somnifera (14 patents). Most of these patents were related to the plant
fractions/extracts (e.g., Annona squamosa, C. longa, M. tenacissima, etc.) and only some patents with
isolated compounds (e.g., saponin mixture from M. tenacissima, etc.).

This chapter will discuss some medicinal/aromatic plants ethnobotanically recognized by their
efficacy for the treatment of cancers/tumors, whose biological properties (e.g., cytotoxicity, antineoplastic,
antiproliferative, and antitumor activities) have been scientifically validated.

Cancer: general aspects

As reported by International Agency for Research on Cancer of World Health Organization in its website
(WHO 2015) “cancer is related to a set of diseases” affecting some organs and tissues, in which cells
constituting them undergo an alteration/modification in the cell cycle causing them to be divided/replicated
without control. The abnormality in cell behavior (cycle altered) is a consequence of changes in genes,
e.g., proto-oncogenes (normal cell growth/division), tumor suppressor genes (control cell growth/division)
(Levine et al. 1983), and DNA repair genes (fixing damaged DNA), which govern the main cell functions.
Therefore, cancer could be the result of a “genetic disease”, and in this way, the modified genes could be
inherited from parents to children. Likewise, there are other factors (besides the genetic) involved with the
development and progression on cancer such as behavioral (tobacco/alcohol abuses, sedentary lifestyles)
and dietary (bad food habits) factors, and environmental (chemical substances/physical exposures) risks.
Cancer is one of the main diseases causing morbidity/mortality (second cause of death) in the world:
in 2015, ca. 9 million of people died, and the most common cancers that were related to death were lung
cancer (~ 1.7 million), liver cancer (788 thousand), colorectal cancer (774 thousand), stomach cancer
(754 thousand), and breast cancer (571 thousand) (MEDS/AHRQ 2014). According to the statistical data
recorded in 20082012, the prevalence of cancer by sickness (new cases) and deceases were ca. 455 new
cases/100000 men-women/year and 171 death/100000 men-women/year. In 2014, ca. 14 million of people
were diagnosed and it is expected to increase ca. 19 million for 2024. It is worth highlighting that mortality
by cancer is higher among men (208 death/100000 men) than women (145 death/100000 women).
Africa, Asia, and Central and South America are the most affected regions of the world by this chronic
disease; 70% of deaths occur in the low- and middle-income countries, attributable to that only one in
five countries have necessary data and public programs (advertising and prevention) against the cancer.
In 2010, the total annual cost of this sickness was estimated ca. USD $ 1.2 trillion, converting it into a
disease with a high economic impact for the countries and the world. It is very important to state that
the estimated costs did not include the indirect charges: that is, all the required expenditures (family and
labor budgets, etc.) for patients to participate in the treatment, which can sometimes equalize the direct
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costs (Singleterry 2017). One of the reasons for high economic impact is due to the fact that most drugs
available on the market, used for treatment of cancer are very expensive, and these drugs are getting
increasingly costlier as they get more complex; also, the costs for patients are related to both the category
and the spread of treatment. According to the U.S. National Bureau of Economic Research, between 1995
and 2013 the prices of cancer drugs had an increase of 10% per year. Given the steady rise in prices, the
estimates show that payments for drug against cancer could rise from USD § 100 billion in 2014 to USD
$ 150 billion in 2020 (Goldstein et al. 2016).

Figure 1.1 shows the distribution by the number of cancer deaths (2012) in agreement to gender, types
of cancer (most common), geographic location and the world, based on data of GLOBOCAN 2012 website
(WHO 2015). As can be observed in the figure, there were a significant difference among regions and gender
in the number of deaths by types of cancer, f.i., cancers of liver, stomach, and cervical were highly correlated
to the region-developing level; in the same sense, 19% of deaths of women due to stomach/liver cancers
were in more-developed regions; whilst, 73—81% were in less-developed regions. The highest number of
deaths was related to a higher occurrence of lung cancer, mainly in males; however, two specific cancers
(breast and cervix) for females were the second cause of mortality. It should be noted that colon-rectal and
prostate cancers were persistent (prevailed), regardless of the regions (less-developed/more-developed,
except the America-region), indicating the aggressiveness of these types of cancers. For the year 2016
(based on U.S.A. National Cancer Institute website) (NCI 2017) the most common cancers were projected
as: breast cancer, lung and bronchus cancer, prostate cancer, colon and rectum cancer, bladder cancer,
melanoma of the skin, kidney and pelvis cancer, leukemia, endometrial cancer, and pancreatic cancer.
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Fig. 1.1
Source: Data were taken of GLOBOCAN 2012 website (WHO 2015). Graph elaborated by authors.

Text mining about cancer, medicinal plants and scientific validation

Through a preliminary review of some medicinal plants/species, whose anticancer/antitumor properties
(evidenced in traditional medicine) have been scientifically validated, 157 species/plants were identified;
and based on these medicinal plants a search equation was structured into the Scopus database including
title-abs-key, doctype and pubyear > 1999. In correspondence, 2156 registers were found. Frequency of
publication monitored, in agreement to the numbers of articles/year concerning individual/specific medicinal
plants reported with ethnobotanical information and effectiveness for the treatment of cancers/tumors,
together with scientific validation, is shown in the Fig. 1.2. Based on the timeline selected (2000-2017),
since 2000 an exponential growth in the register numbers on this theme was observed, 2012-2015 being
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Source: Bibliometry Unit— CRAI-Library, Universidad Santo Tomas (Bucaramanga). Calculations based on Scopus information
(Elsevier, B.V., 2017), processed with VantagePoint software (VP Student, Search Technology).

the years with the highest article production with 189-204 records. With the aid of De Solla Price’s Law'
(De Solla Price 1963) it was possible to estimate during this period, the growth rate (percentage value/
year) of the articles related to this subject, which was 14.9%/year.

Pursuant to the search equation preceding it was also found that the most studied plants related
to anticancer properties (against more than five types of cancers) have been C. longa (444 articles),
V. album (428 articles), A. vera (134 articles), C. roseus (96 articles), U. dioica (52 articles), and A. muricata
(51 articles). In the same way, the main types of cancers examined, in agreement to the numbers of
registers found (from highest to lowest), were: breast cancer, colon cancer, lung cancer, prostate cancer,
colorectal cancer, etc. with 272 records, 86 records, 76 records, 76 records, 75 records, etc., respectively.
A correlation matrix was constructed (Fig. 1.3), based on the previous search equation, to establish the
relationships between 157 medicinal plants and the different types of cancers. The figure shows that breast
cancer was mainly correlated with V. album (101 records), followed by C. longa (51 records), and 4. vera
(27 records); similarly, C. longa (37 registers), along with V. album (13 registers), and 4. vera (8 registers)
were correlated with colon cancer, predominantly.

Traditional drugs used as therapeutical agents against cancer

Since 1995 until 2017, the most recognized multinational pharmaceutical companies have registered ca.
215 drugs for treatment of cancer and palliative care in the U.S. Food and Drug Administration (FDA)
agency, who has approved them for use and marketing (FDA 2017). In spite of these achievements, the
pharmaceutical industries are in continuous search of new drugs for the treatment of cancer, with highest
effectiveness, and lowest toxicity and side effects. Besides producing synthetic and hemisynthetic drugs,
some biologically active molecules against cancer have also been isolated from plants and approved by
FDA, e.g., etoposide (1) and teniposide (2) (both compounds isolated from Podophyllum peltatum extract)
(Damayanthi and Lown 1998) are the active ingredients of two drugs with the trade names of Etopophos®,

! De Solla Price’s Law results from the observation of the growth in the number of science papers published. As has been
observed—with reliable records since the 18th century-, scientific articles have an almost constant growth rate, taking into
account both the set of science publications in all disciplines considered as a whole, and the one of each discipline separately.
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Source: Bibliometry Unit— CRAI-Library, Universidad Santo Tomas (Bucaramanga). Calculations based on Scopus information
(Elsevier, B.V, 2017), processed with VantagePoint software (VP Student, Search Technology).

and Vumon®, respectively; the camptothecin derivatives, topotecan (3) and irinotecan (4), isolated from
Camptotheca acuminata (trade names Hycamptin® and Camptosar®).Two of the most important and
successful examples are paclitaxel (5) (taxol®) and vinblastine (6)/vincristine (7) alkaloids (velban®/
oncovin®) (Breza et al. 1975) isolated correspondingly, from Taxus brevifolia, and Catharanthus roseus.
These two drugs are used for treatment of several cancers: taxol®is applied to treat the cancers of breast,

lung, cervical, and pancreatic, and sarcoma, etc.; velban®/oncovin® is used for leukemia, neuroblastoma,
melanoma, lymphoma, and lung cancer, etc.
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Scientific validation of medicinal plants ethnobotanically recognized by
their effectiveness for the treatment of cancers/tumors

In the scientific literature, numerous articles have been published about plants that have presented
cytotoxicity/antiproliferative/antitumor properties on different cell lines, which have proved to be
promising (Réthy et al. 2007, Cates et al. 2013, Ravipati et al. 2013). Nevertheless, some of them were
not “medicinal plants”, or if they were medicinal plants did not have ethnobotanical uses for treatment of
cancer (Mena-Rejon et al. 2009); thus, the anticancer activity was the result of a “serendipity”. In contrast,
other medicinal plants that have been used in ethnomedicine for treatment of cancer, when these plants
were tested on cancer cell lines did not have any effectivity (Alonso-Castro et al. 2011, Schmidt and Cheng
2017). This document dealt with some medicinal plants ethnobotanically recognized by their efficacy for
the treatment of cancers/tumors, whose biological properties have been scientifically validated. Table 1.1
contains a list of 49 medicinal plants used for the treatment of cancer/tumor along with forms evaluated of
plant preparations and cell lines tested. Additionally, the discussion about anticancer/antitumor properties
of plants listed was carried out principally based on type(s) of extract(s) or active compound(s) isolated,
cell line(s) tested, assay(s) used, and 50% inhibitory concentration (IC, ), 50% lethal dose (LD, ), 50%
effective dose (ED, ), 50% lethal concentration (LC, ) or 50% growth inhibition (GI, ) values calculated,
lower than 10 pg/mL or 10 mM.

Ten diarylheptanoid compounds isolated from A. japonica bark were tested on four cell lines. The IC, |
values obtained by MTT method applied on each cell line were between ~ 17-76 uM for B16, ~28-55 uM
for SNU1, ~ 48-102 uM for SNU354, and ~ 45-320 pM for SNUC4. In the case of B16 melanoma and
SNUI carcinoma, the most active compounds were 8 (IC, ~ 17 uM) and 9 (IC, ~ 17 uM), respectively.
Platyphylloside (8) was the compound with lowest IC, values on SNU354 (IC, ~ 48 uM) and SNUC4
(IC,,~ 45 uM) (Choi et al. 2008). One of the main antraquinones [aloe-emodin (10)] constituent of
A. vera was assessed on cell lines of neuroblastoma and Ewing’s sarcoma. The neuroectodermal tumor cells
were specifically inhibited in growth by 10 and ED,  (equivalent to IC, ) values were ~ 1 uM, ~ 7 uM, and
~ 13 uM, respectively, for neuroblastoma, pPNET, and Ewing’s sarcoma (Pecere et al. 2000). The cytotoxic
effects of a solid residue obtained of hydroalcohol extract from A. scholaris stem bark were determined
on three cell lines. The IC, values were ~ 6 ug/mL (HeLa cells), 10 pg/mL (KB line) and ~ 11 pg/mL
(HL60 cells) (Jagetia and Baliga 2016).

A plant studied in almost all continents is 4. muricata, whose ethnobotany always has been related
to antitumoral/anticancer properties. According to a review by Coria-T¢llez et al. (2017), six types of
acetogenins have been isolated from different parts of the plant; and, these molecules are responsible for
the extraordinary effectiveness against cancers. Wu et al. (1995) isolated annomuricins A (11) y B (12)
from plant leaves. These acetogenins showed remarkable antiproliferative capacities when tested on A549
and HT29 cell lines by means of MTT method. The ED, value for 11 was 3.3 x 10" ug/mL on A549
cells; whilst, for 12, the ED, values were 1.6 x 10™" ug/mL (on A549 line) and 4.4 x 10" ug/mL (on HT29
cells). Zeng et al. (1996) isolated annopentocins A-C 13—15 and a mixture of cis- and frans-annomuricin-
D-ones (16-17) from plant leaves. The antineoplastic screening of these compounds was carried out on six
cancer lines, resulting in significant effects on all lines; thereby, for 13, ED,  values were between
~3.6 x 10° pg/mL — ~ 18 pg/mL, with PaCa2 line being the most sensitive; for 14 and 15, ED_ values
were between ~ 2.1 x 102 ug/mL —~ 3.6 ug/mL, being A549 line the most susceptible for both compounds;
and for the mixture 16 and 17, ED, values were between < 10 ug/mL — ~ 1.3 ug/mL, being the most
injured cell lines the A549, HT29 and PaCa2 (ED,, < 10~ pg/mL).

To end with the Annona species, Li et al. (1990) studied the bark from A. squamosa. They isolated
three acetogenins (bullatacin 18, bullatacinone 19 and squamone 20), which resulted to be highly efficacious
against A549, MCF7 and HT29 cell lines (by MTT method). The effectivity order on: (1) HT29 was 18
(< 10" pug/mL) > 19 (< 103 pg/mL) > 20 (~ 2 pg/mL); (2) A549 was 18 (~ 9 x 10" ug/mL) > 19
(~1.4x 10 pg/mL) > 20 (~ 1 ug/mL); and (3) MCF7 was 19 (< 107 ug/mL) > 20 (~ 2 pg/mL) > 18
(> 10 pg/mL). Chen et al. (2012) isolated some acetogenins (annosquacins A-D, and annosquatins A and
B) from fruit seeds, which were screened to estimate of cytotoxic potential against six cancer cells by MTT
method. The six acetogenins were able to powerfully inhibit the growth of all cancer cells, with IC values
between ~ 6 x 102 pg/mL — ~ 5 pg/mL. The most effective acetogenins with lower IC_ values ranged
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19 20

among ~ 6 x 102 ug/mL—~5x 10" ug/mL, and ~ 9 x 102 pg/mL — ~ 3 x 10! pug/mL, were annosquatin
A and annosquacin C, in that order. In the same sense, annosquatin B and annosquacin B were secondary,
with IC, values between ~ 8 x 102 ug/mL — ~2 pg/mL and ~ 1 x 10" ug/mL — ~ 3 ug/mL, respectively;
and lastly, annosquacins A and D had IC, values among ~ 4 x 10" pg/mL — ~ 4 pg/mL and ~ 3 x 10"
pg/mL — ~ 5 pg/mL, correspondingly. The most active compounds per each cell line were annosquatin
B (IC,: ~ 8 x 102 pg/mL) on A549 cells, annosquacin C (IC,: ~3 x 10" ug/mL, ~ 1 x 10"' ug/mL) on
HeLa/HepG2, and SMMC7721 cancer lines; annosquatin A (IC,: ~ 6 x 10?2 pug/mL, ~ 1 x 10" ug/mL)
on MCF7 and MKN45 cell lines.

From A. polyneuron roots an indole alkaloid (aspidospermine 21) was isolated which was tested on
HepG2 cells. A concentration of 75 uM of 21 was able to decrease ca. 68% of cell population (Coatti et
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al. 2016). Zhao et al. (2003) assayed an isoform mixture [a-(22) and B-(23)] of boswellic acid acetate
(isolated from B. carteri resin) on five cancer lines. According to the authors, the compound mixture
(22 and 23) showed a growth potential inhibition on KB, HCT8, and A2780 cells with IC, values between
~11 uM -~ 13 uM.

The other well-known plant is C. officinalis, where there are reports on its use for cancer treatment.
One of these reports was prepared by Ukiya et al. (2006), where they isolated two triterpene glycosides
(24 and 25), from the flowers. Compounds 24 and 25 were tested (by SRB method) on a panel of 60
human cancer cell lines (derived of seven types of cancer: lung, colon, melanoma, renal, ovarian, brain
and leukemia). The authors found that 24 showed GI, values < 10 pM against almost of the cancer cells
tried except for leukemia (CCRF-CEM cells), renal (CAKI-1 and UO-31 lines) and breast (NCI/ADR-
RES cells) cancer lines. In addition, 24 showed the most potent cytotoxicity against leukemia (Molt4 and
RPMI8226 lines), colon (HCC2998 cells), and melanoma (LOX IMVI, SKMELS5 and UACCG62 lines)
cells, with GI,; values of ~ 0.8 uM —~ 1.0 uM. Compound 25 exhibited Gl values < 20 uM against all
of the cancer cells tested, except for ovarian (IGROV1 cells) and renal (UO31 cells) lines.

A famous herb is Myrrh (C. myrrha, Burseraceae), whose multi-purpose fragrant resin has been used
millennially. Su et al. (2011) reported the evaluation of cytotoxicity effects (by MTT method) against
gynecologic cancer cell lines (A2780, SKOV3, SiHa and Shikawa) of residual hydroalcohol (85%)
extract (RHE), Petroleum Ether Fraction (PEF) and two isolated compounds (26 and 27) from C. myrrha
dried resin. 26 and 27 significantly inhibited the growth of three cell lines; the IC, values were between
~47 uM — ~ 64 uM for 26 and ~ 27 uM — ~ 36 uM for PEF. The most susceptible lines were A2780
(~47 uM) for 26, and SKVO3 (~ 27 uM) for 27. A plant used in traditional Mexican medicine, as treatment
of different types of tumors since the prehispanic ages is C. aequipetala (Lythraceae). Vega-Avila et al.
(2004) studied the cytotoxic potential (ED,) of different fractions from acetone:water (7:3) extract of the
whole plant, using the SRB assay and two cell lines. The ED_ values were ~ 8 pg/mL (DU145 cells) and
~ 19 pg/mL (HCT15 line) for total extract in each cell line. E (yellow powder, constituted by compounds
type flavonoids) and PB1 (solid with a metallic appearance, constituted by compounds type tannins)
fractions, from total extract, presented ED, values of ~ 0.4 pg/mL and ~ 2.5 pg/mL, respectively.

The rhizome of C. longa (Zingiberaceae), popularly known as turmeric or Indian saffron, has been
applied for cancer prevention/treatment. Kuttan et al. (1985) evaluated in vifro (by using cell culture
of Chinese Hamster Ovary (CHO) line and normal lymphocytes) the anticancer activity of the isolated
curcumin (28) from turmeric rhizome; in a similar manner, 8 pg/mL of 28 showed an effective cytotoxicity
(100% cell death) for normal lymphocytes, and human leukemic cells; while 4 ng/mL of 28 produced the
100% death on Dalton’s lymphoma cells. The in vitro experiments indicated that curcumin was cytotoxic
at concentrations between 1 pg/mL — 4 pg/mL. Also, Naama et al. (2010) studied the rhizome extract and
isolated curcumin from C. longa of Iraqi origin. The cytotoxic effect of alcohol extract/curcumin from
C. longa was valued against the hepatocellular carcinoma by means of MTT assay. The IC, values were
0.8 pg/mL and 0.6 ng/mL for total extract and isolated 28, respectively. Other authors have studied the
antineoplastic effect of 28 against different types of cancer/tumor, e.g., breast carcinoma cells, colorectal
cancer cells, gastric cancer, leukemic cell lines, lung squamous cell carcinoma, ovarian cancer cells (Shao
et al. 2002, Shi et al. 2006, Alaikov et al. 2007, Guo et al. 2013, Zhao et al. 2015, Zhou et al. 2017).

C. mangga from Indonesia is a species closely related to C. longa. Malek et al. (2011) investigated the
cytotoxic effects of the methanol extract and the hexane/ethyl acetate fractions from C. mangga rhizome
against six cell lines by using SRB assay. The authors found that methanol extract and the two fractions
showed good cytotoxic effects against the cell lines, whose IC, values were between 8.1 + 0.2 pg/mL
and 47.1 £ 0.5 png/mL. The hexane fraction showed the best antineoplastic effects against the six cancer
lines, with IC, values among 8.1 + 0.1 ug/mL (MCF7 line) and 31.5 + 0.1 pg/mL. Likewise, they isolated
to E-labda-8(17),12-dien-15,16-dial (29) and zerumin A (30), which displayed high cytotoxicity on six
cancer lines. 29 presented IC, values between ~ 4 + 1 ug/mL (MCF7 line) - 19.9 + 0.4 pg/mL; whilst for
30, the IC,  values were among 8.7 = 0.3 pg/mL (MCF7 line) — 16.2 + 0.2 ug/mL (Widowati et al. 2013).

D. divaricata (Davalliaceae) is a species from Taiwan, which has been traditionally applied as a
treatment for lung cancer. Cheng et al. (2012) isolated the davallic acid (31) from plant dried rhizome and
evaluated the ability of 31 to inhibit the growth of A549 cells using MTT test. They found that 20 uM of
31 decreased A549 cell viability up to 73% (12 hours) and 57% (24 hours). D. morbifera (Araliaceae) is
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an endemic species growing in South Korea and has been used in traditional medicine. Lee et al. (2013)
isolated dendropanoxide (32) from plant dried leaves and assessed the capability of compound 32 to
inhibit the growth of three types of cell lines using MTT assay. The results showed that 40 pM, 50 uM
and 60 uM of compound 32 inhibited the cell growth up to ~ 55% , ~ 60% and ~ 60% on Hep3B, T98G
and MG63 cell lines, respectively.

Pharmacopeia” by its different ethnobotanical uses. Zhang et al. (2009) investigated the cytotoxicity against
two human leukemia cell lines, by using modified SRB method, of seven compounds type “thiophenes/
against the cell lines examined, with IC, values between ~ 0.2 pg/mL and ~ 17 pg/mL for HL60 cells
and ~ 0.4 ug/mL and ~ 31 pg/mL for K562 cells. The most cytotoxic compound were 33 (IC,~ 0.2 ug/
mL and ~ 0.5 pg/mL) and 34 (IC,~ 0.3 pg/mL and ~ 0.4 ug/mL) for the two cell lines (HL60 and K562).
E. pinnatum (Araceae, common name: Dragon tail plant) has been widely used in Malaysia and Singapore
as a traditional anticancer preparation. Anticancer properties of chloroform/hexane extracts from whole
plants were validated by Tan et al. (2005, 2007) against T47D line using MTS/PMS assay. Thus, the IG,
values were ~ 12 pg/mL (48 hours) and ~ 6 pg/mL (72 hours) for chloroform extract; the IG, values were
~ 12 pg/mL (48 hours) and ~ 3 pg/mL (72 hours) for hexane extract. Also, Wong et al. (1996b) isolated
35 from R. korthalsii leaves, and determined its antineoplastic capacity against P388 cancer line by MTT
assay. The IC value calculated for 35 was of ~ 4 pug/mL.

Glc - B-D-glucopyranosyl

21 22 23 24

-~

&al OH COOH COOH

Gal - B-D-galactopyranosyl
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Regarding E. annuus (Asteraceae), Réthy et al. (2007) screened the in vitro antiproliferative activity
of four types of fractions/extracts from this plant against three cell lines, using the MTT assay. Inhibition
percentage values, from plant root extracts on MCF7 line,were ~ 14 + 3% — ~ 62 & 2%, when 10 pg/mL
of each extracts/fractions were tested. The IC, values calculated for hexane and chloroform fractions
against the three cell lines were ~ 12—13 pg/mL (HeLa line), ~ 6-9 pg/mL (MCF7 line) and ~ 13-20 pg/
mL (A431 line). A traditional Korean medicinal plant used for centuries to treat tumors in Korea and China
is E. alatus (Celastraceae). Park et al. (2005) evaluated the antiproliferative and apoptotic capacities of
methanol extract from plant on SKBR3 cell line by MTT method; the ED, value was of 6.5 + 0.3 ug/mL
and the methanol extract induced apoptosis on cancer cells.

F. oldhamii (Annonaceae) is a species used in folk medicine for treatment of tumors in Taiwan and
southern China. Wu et al. (1993) demonstrated the cytotoxicity of xylopine (36) and norannuradhapurine
(37) isolated from plant against four cell lines, by MTT assay. The ED,  values for 36 and 37 were among
~ 2 pug/mL and ~ 3 pg/mL for the four cell lines. Even so, the most sensitive cells were KB and HCTS
to compounds 36 and 37, whose ED, values were ~ 2 ug/mL and ~ 3 pg/mL, independently. Tzeng et
al. (1990) evaluated the inhibitory effect on growth of three leukemic cell lines, using the MTT method,
of aporphine alkaloids (37 and fissoldine 38) isolated from the plant. The IC,; values of 37 and 38 were
ranged between ~ 3—15 pg/mL (~ 9-35 uM) for the three cell lines. Nonetheless, L1210 and CCRFCEM
lines were the most susceptible cells to alkaloid 37 with IC_ values of ~ 4 pg/mL (~ 9 uM) and ~ 6 pg/
mL (~ 14 uM), correspondingly; whilst the IC, values of 38 was of 15 pg/mL (~ 35 uM) on HL60 cells.

In the traditional ayurdevic medicine from India, there is a plant called Neeru mamidi [G. zeylanicum
(Euphorbiaceae)], which has been used for the treatment of cancer. Sharma et al. (2011) evaluated the in
vitro cytotoxic activity of aqueous extract from plant roots against two cell lines, by using the XTT method.
The CC,, values were ~ 3 pg/mL and ~ 26 pg/mL, for the HepG2 and HT29 cell lines, respectively. Based
on the folk medicine of Taiwan about the use for treatment of tumors from H. brownii (Asclepiadaceae)
aerial parts, Lin et al. (1997) isolated heteromines A (39) and B (40), which were evaluated against four
cell lines by using the MTT assay. The IC values for 39 and 40 respectively, on each cell line were
~4 uM, ~ 36 uM for HCE®G cells; ~ 14 pM, ~ 52 uM for Molt 4 cells; ~ 7 uM,~ 27 uM for HL60 line;
and, ~ 10 uM, ~ 63 uM for K562 cells. A tree from the Amazon rain forest of Peru, Colombia and Brazil
which has been used in the traditional medicine for treatment of tumors, is H. succuba (Apocynaceae,
common name: “bellaco-caspi”). The first report about scientific validation for the use of this plant to
treat the cancer was published by Perdue and Blomster 1978. The authors isolated to fulvoplumierin (41)
from the plant stem bark after testing a 50% ethanol extract against KB cell line. While Castillo et al.
(2007) studied the cytotoxicity on 3T3 line (using the SRB method) of plumericin (42) and isoplumericin
(43) isolated from the stem bark. The IC, values determined for 42 and 43 correspondingly, were 2 uM
and 1 uM on cell line. An African plant is K. africana (syn. K. pinnata, Bignoniaceae), whose bark/fruit
have been traditionally used as treatment of neoplastic diseases. Momekova et al. (2012) assessed the
antineoplastic activity on two cell lines, and LLC bearing BDF1 mice from methanol extract of the plant
stem bark. The IC, values were 10 + 3 ug/mL (LLC bearing-mice), 12 + 4 ug/mL (MCF7 cells) and 15
+ 3 pg/mL (SKW3 line). Another important plant in the traditional Chinese medicine is M. tenacissima
(Asclepiadaceae), which has been widely used for the treatment of cancers; and, more than decade ago,
its application was approved to treat esophageal, gastric, and lung cancers, and hepatocell carcinoma by
China Food and Drug Administration Office. Some authors have carried out the scientific validations
against different cell lines. Hu et al. (2008) determined that 20 pg/mL of two compounds [tenacissimoside
A (44, eq. 25 uM) and 11a-O-benzoyl-123-O-acetyltenacigenin B (45, eq. 39 uM)] isolated from the plant
increased the sensitivity of antitumor drugs, e.g., doxorubicin (18-fold and 16-fold), vinblastine (10-fold
and 53-fold), puromycin (11-fold and 16-fold) and paclitaxel (6-fold and 326-fold) by HepG2/Dox cells.
Additionally, other authors like Han et al. (2012, 2014, 2015) studied the synergistic effect between an
extract of plant stem with other drug (e.g., gefitinib) against four non-small cell lung cancer lines. They
found that the mixture (extract + gefitinib) as a therapeutical prepared resulted in a promising therapy to
improve the effectiveness of gefitinib in resistant NSCLC. A species from Panaman flora is M. blepharodes
(Celastraceae), which was studied for its ethnobotanical uses for the treatment of cancer by Rodriguez et
al. (2005). These authors isolated three phenolic triterpenes [7-oxo-blepharodol (46), blepharotriol (47),
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and 6-deoxoblepharodol (48)] from the plant bark and assessed the cytotoxicity (by MTT assay) on HeLa
cell line. The IC values were ~ 12 pg/mL for 47, ~ 14 ug/mL for 48 and ~ 20 pg/mL for 46.

Ling et al. (1981) reported the potent cytotoxic effect of the ethanol extract from
M. emarginata (Celastraceae) against P388 cell line. Kuo et al. (1989) isolated to emarginatine A (49),
whose ED, value was of 4 ng/mL on KB cells. Again, Kuo et al. (1990) established the ED, values
on KB cell line for chloroform, chloroform:methanol and ethyl acetate:acetone fractions along with
emarginatine B (50) isolated from the plant stem, which were respectively, 0.4 ug/mL, 0.08 ug/mL, 0.04
ug/mL, and 0.4 pg/mL. While Kuo et al. (1994a) reported the isolation and the cytotoxicity against KB
cell line of emarginatine E (51) and emarginatinine (52); the ED,  values were 2.5 pg/mL and 2.1 pg/mL,
in that order. In the same year, Kuo et al. (1994b) isolated from the plant stem emarginatine F (53), which
was cytotoxic against six cell lines. The ED, values for 53 were < 0.1 pg/mL for RPMI7951 cells, 0.2
pg/mL for TE671 line, 0.5 pg/mL for KB cells, 0.7 pg/mL for P388 line, ~ 1 pg/mL for HCTS cells and
~ 6 pg/mL for A549 line.

A perennial tree (endemic of India, and broadly distributed in Asia, Africa and other continents)
important for the world is M. azadirachta (Meliaceae, syn. Azadirachta indica, common name: Neem), due
to its extraordinary benefits (e.g., for ethnomedicine, agriculture, and domestic uses), and by its proximity
with the cultures and civilization. In Ayurverdic medicine the leaves, bark, fruits, and seed-oil are widely
used for treatment of cancers (Paul et al. 2011). Pan et al. (2014) estimated the cytotoxic effects against
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 was active on all cell lines with IC,
values of ~ 3 + 2 pg/mL —21.9 + 0.6 pg/mL. From this fraction, they isolated 20 compounds [limonoids
and triterpenoid (e.g., some as 54—61)], which showed some activity against the cancer lines. Thus, 19
compounds were effective on HL60 cells; 14 compounds were active against AZ521 line; nine compounds
inhibited the SKBR3 cell growth; and, three compounds inhibited to A549 cell line. While two compounds
were able to inhibit the four types of cancer cells: 56 and 60 (IC,, 5.0 + 0.9 pg/mL —82.3 + 0.3 pg/mL);
whereas four compounds were effective on three cell lines, i.e., 54, 57 and 61 (IC, 4.6 + 0.6 ng/mL —
~54 +4 ug/mL), which were inactive on A549 cells, and 55 (IC,; 9.9+ 0.6 ng/mL —~ 94 = 1 ug/mL), that
was ineffective on AZ521 line. One compound (58) only was active against HL60 cells, with IC, | value
0of 4.9 + 0.5 pg/mL. The remaining compounds (eight) inhibited two (HL60 and AZ521) of the four cell
lines; the IC,  values were ranged among 2.8 + 0.6 pg/mL —~ 83 &+ | pg/mL. As endpoint, the most active
compounds against the cell lines were 59 (IC,; 2.8 + 0.6 pg/mL, on HL60 cells; IC, 3.2 + 0.6 pg/mL,
on AZ521 line), 56 (IC, ~ 15 + 2 pg/mL, on SKBR3 cells) and 60 (IC,, ~ 26 + 2 ug/mL, on A549 line).

Takagi et al. (2014) also evaluated the cytotoxicity on five cell lines, of some isolated compounds
(type limonoids) from the ethyl acetate fraction from neem leaves. The authors isolated 17 limonoid
compounds, of which 15 compounds were active against the cell lines under study. Thus, 15 compounds
were active on HL60 cells; 12 limonoids were effective against AZ521 line; 10 compounds inhibited
the SKBR3 cell growth; and, seven limonoids inhibited to A549 cell line. On the other hand, six limonoid
compounds inhibited the four types of cancer lines: 62-64, 66, 70 and 72 (IC, 1.7 + 0.1 pg/mL —
~ 98 + 8 ug/mL); whereas four compounds were effective on three cell lines, i.e., 65, 68, 71 and 73
(IC,,~9+1 ug/mL—~92+4 pg/mL), these same compounds were ineffective on A549 cells. Only two
compounds were effective on HL60 cells; and, two limonoids (67 and 69) were able to inhibit two (HL60
and AZ521) of the four cell lines; the IC, values were ranged among 0.10 + 0.01 pg/mL —~ 76 + 4 nug/
mL. The most active compounds against the cell lines were 69 (nimbolide, 1C, 0.10 = 0.01 ug/mL, on
HL60 cells; IC,, 0.80 = 0.01 pg/mL, on AZ521 line), 70 (IC, )~ 1.7 £ 0.1 pg/mL, on SKBR3 cells) and
63 (IC,, ~ 8 = 3 pg/mL, on A549 line).

Other researchers have also verified the anticancer efficacy of different extracts from neem parts. Wu
etal. (2014) evaluated the cytotoxicity on PC3 cell line of the methanol fractions (11) from the supercritical
extract of neem leaves. Fractions 2, 3 and 5 resulted highly effective against PC3 line with IC_ values
<~2 ug/mL; whilst fractions 611 presented IC, values between ~ 8 ug/mL and ~ 15 pg/mL. One of first
reports about the isolation of compounds with cytotoxic properties from neem was published by Cohen et
al. (1996). These authors measured the cytotoxic potential of six limonoids (included 69) isolated of the
seeds against N1E115, 143B.TK™ and RAW264.7 cell lines. The IC,  values established were ~4 + 1 uM
(143B.TK cells) and ~ 5 £ 1 uM (N1E115 and RAW264 lines) for nimbolide. Priyadarsini et al. (2010)
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studied the cytotoxic effect of nimbolide 69 on HeLa cancer line; 5 uM was the IC,  value. Other authors
estimated the anticancer/antiproliferative properties of 69 isolated from M. azadirachta. Harish Kumar et al.
(2009) found that IC, value of 69 against BeWo cells was of ~ 1 uM (at 24 h). Roy et al. (2007) established
that nimbolide (0.5-5.0 pM), isolated from neem flowers, showed antiproliferative activity against four
cancer cell lines. The IC, values were 1.1 uM (HL60 cells), 1.2 uM (U937 line), 1.4 uM (THP1 cells)
and 1.7 uM (B16 line). Meanwhile, Elumalai et al. (2012) proved the inhibitory effects of nimbolide (IC,:
~3 uM, at 48 h) on the invasive ability of MCF7 and MDAMB231 tumor cell lines. Babykutty et al. (2012)
demonstrated that 69 (IC,: ~ 2.6 uM, at 48 hours) inhibited the proliferation of the WiDr cancer cells by
delaying its migration, invasive capacity, and angiogenesis, and inducing them apoptosis.

N. domestica (Berberidaceae) is the only species of Nandina found in China, and there, different
parts of the plant (e.g., fruits, stems, roots and leaves) have been used in the indigenous medicine system
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for the treatment of pharyngeal tumors and uterine bleeding. Peng et al. (2014) isolated 11 alkaloids from
the plant fruit and determined the cytotoxic activity by the MTT test of a new compound (nandsterine
74) against HL60 line. The IC, value was ~ 52 uM. A millenary (ca. 5000 years) plant of Korean origin
is P. ginseng (Araliaceae, common name: Ginseng), which has been used as prophylactic/curative agent
for treatment different diseases, including cancer. The most used part is the root containing at least
28 active ginsenosides. Wang et al. (2007) determined the cytotoxicities (by MTT assay) on 12 cell lines of
11 saponins isolated from plant fruits. Three saponins (75-77) were the most active compounds against all
cell lines tested, with IC, values ranged between ~ 12 uM —~ 69 uM for 76, ~ 20 uM —~ 72 uM for 75 and
~20 uM — ~ 78 uM for 77. An herbaceous plant of great importance in the Mexican and Latin American
traditional herbalist is P. alliacea (Phytolaccaceae, common name: anamu), which has been used to treat
cancer. Rossi et al. (1990, 1993) and Jovicevic et al. (1993) determined the antiproliferative activity by the
MTT test of an aqueous decoction from Anamu leaves against IM9 (human myeloma), Daudi (Burkitt’s
lymphoma) and Molt4 cell lines. They found that the decoction produced the cell growth inhibitions (%)
of 80-90% on IM9 cells, 50-60% on Daudi and Molt4 lines. The IC, value was 10 pg/mL on IM9 line.
A Brazilian plant is P. paniculata (Amaranthaceae, called Brazilian ginseng) whose roots have been used
in folk medicine as cancer therapy. Takemoto et al. (1983) isolated to pfaffic acid (78) from plant roots
which showed high inhibitory effects against B16, HeLa (S3) and LLC cell lines at concentrations of
4-6 pg/mL. P. peruviana (Solanaceae) is native to western South America (Andes region, mainly Peru),
and its fruits, in particular have been used in ethnomedicine for treating diseases such as cancer. Demir
et al. (2014) evaluated the cytotoxic capacity of the ethanol extract from the plant fruit against Saos2 and
Hep3B cell lines using the MTT method. The IC, values found were ~ 15 pg/mL on Saos2 cells, and
~ 25 pg/mL on Hep3B. Yen et al. (2010) isolated to 4p-hydroxywithanolide E (79) from plant leaves
and stem which showed anticancer property on H1299 cell line. The IC, values were ~ 0.6 pg/mL and
~ 0.7 pg/mL at 24 hours and 48 hours, respectively.

R. korthalsii (Araceae) is a native species from Borneo. Wong and Tan (1996a) examined the
cytotoxicity (by the MTT assay) of petroleum ether extract from plant leaves against P388, Molt4, KB
and SW620 cell lines. The ED_ values calculated were 8 ug/mL on KB cells, 12 ug/mL on P388 line,
13 pg/mL on SW620 cells and 14 pg/mL on Molt4 line. R. javanica (syn: Brucea javanica, Simaroubaceae)
is a perennial shrub distributed mainly in Southeast Asia. In China, its fruits are used to treat cancer. Lau
et al. (2008) confirmed that the ethanol extract from Fructus Bruceae (dried ripe fruits of B. javanica)
presented cytotoxic activities against three cell lines. The IC, values were 1.5 pg/mL, 2.5 pg/mL and
5.1 pg/mL for Capanl, Pancl and SW1990 cancer cells, respectively. The tree R. verniciflua (Anacardiaceae,
syn: Toxicodendron vernicifluum, common name: lacquer tree) is widely distributed in China, Korea and the
Indian subcontinent. This plant has been used (although restricted) in traditional medicine to treat cancers
for centuries. Kim et al. (2002) determined the cytotoxicity on four cancer cells of the hexane fraction
(free of urushiols) from the plant bark. The GI, values were ~ 13 pg/mL on Molt4F cells, ~ 16 pg/mL on
SW620 line, ~ 19 pg/mL on ACHN cells and ~ 20 pg/mL on A549 line. Kim et al. (2015) estimated the
cytotoxic potential of nine isolated compounds of two active fractions obtained from the ethanol extract
(free of urushiols) of the plant bark against A549, SKOV3, SKMEL2 and HCT15 cell lines using SRB
assay. Six compounds of nine resulted active against the four cell lines tested. The IC, values for 80-85
on the four cell lines were between ~ 5+ 1 uM —~ 29 & 1 uM. The most active compound with the lowest
IC,, values (~5+1 uM —~ 10 £+ 1 uM) was butein (84). Choi et al. (2016) investigated the effect of 84
on cell death of SKOV3/PAX line. They found that 10 pg/mL of compound inhibited the SKOV3/PAX
cell growth (~ 50% population). Hong et al. (1999) isolated four urushiols (86—89) from the plant sap and
screened the cytotoxic potential against 29 cell lines [PC3; OVCAR4, SKOV3, Molt4F, K562, RPMI8226,
MDAMB235, MCF7/ADR, MCF7; SKMEL2, M14, LOXIMVI, UACC62, SNB75, SNB19, SF539;
SW620, KM12, HCT116, HCT15, and Colo205, UO31,CAKI1, ACHN, NCIH522, NCtH23, NCIH226
and A549]. The GI, values for 86 were ranged among ~ 0.6-8.6 pg/mL on 29 cancer cells; for 87 were
between ~ 0.4—4.8 ng/mL on 28 cancer cells; for 88 were amongst ~ < 0.1-8.2 ng/mL on 28 cancer cells;
and, for 89 were between ~ 0.2-5.4 pg/mL on 27 cancer cells. The most susceptible cell lines to the
four urushiols were NCIH522, Molt4F and RPMI8226, with GI values < 1 pg/mL. Other cancer cells
also sensitive to one of the urushiols were SKMEL2 for 86 (GI,: 1 pg/mL), OVCAR4 for 87 (GI,:
0.8 ng/mL) and M14 and SKMEL2 for 88 (GI, : 0.2 ug/mL and 1 pg/mL).
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Another interesting species is R. mucosa (Annonaceae, common name: anonillo or cherimoya),
which is a fruit tree distributed in Central America and West Indies, and in indigenous medicine its
different parts have been used for treatment of cancer. Cytotoxic screening on brine shrimp and six cancer
lines of the chloroform:methanol extract, methanol fraction and isolated jimenezin (90) from fruit seeds
were carried out by Chavez et al. (1998) and Mata et al. (2001). They found that the LC, (4. salina)
values for the extract and fraction were ~ 4x10™" pg/mL and 6 x 10 pg/mL, respectively. Similarly, the
LC,, values of extract were < 1 x 10~ ug/mL on A498 and PC3 lines, ~ 1.7 pg/mL on HT29 cells and
~ 7.0 pg/mL on PaCa2 line. Again, Chavez et al. (1999) isolated to membranacin (91) and desacetyluvaricin
(92) from plant seeds, which were also highly active. The cytotoxic evaluation established that 90 was a
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powerful cytotoxic agent on both brine shrimp and five cell lines (PaCa2, PC3, HT29, A549 and A498)
tested, with LC, values of ~ 6 x 10 ug/mL on 4. salina, and ~ 2 x 10* pg/mL —~ 5 x 10> pg/mL for
the lines; whereas, 91 and 92 were strong cytotoxic agents against all systems tried: 92 and 91 obtained
LC,, values of ~ 2 x 10 ug/mL and ~ 5 x 10 pug/mL on A. salina, respectively; and ED, values of
<1x 103 pg/mL —~ 3 pg/mL. Shi et al. (1996, 1997) studied the cytotoxicity on six cell lines and brine
shrimp of rollitacin (93), rollinacin (94), and rollinecins A (95) and B (96) isolated from plant leaves. They
found that the four compounds were highly effective against the model systems evaluated; LC, values
presented by 93-96 were between ~ 1 x 10" pg/mL — ~ 4 pg/mL on A. salina, and ED, values were
among ~ 4 x 107 ug/mL — ~ 3 ug/mL on the cell lines. Gu et al. (1997) also determined the cytotoxicity
against six cell lines of rodillecins C (97) and D (98) isolated from plant leaves. The authors verified that
both compounds were effective on the six cell lines tested; 97 showed ED, values of ~ 6 x 10 pg/mL
—~ 1 ug/mL; whilst, 98 had ED_ values of ~ 1 pg/mL —~ 6 pg/mL.

S. glabra (Chloranthaceae, common name: Caoshanhu) is an evergreen shrub used in traditional
Chinese medicine for treatment of cancers. Ni et al. (2013) screened the anticancer potential (on HL60 cell
line) of 22 sesquiterpenoids isolated from the whole plant. The authors established that two compounds
(99 and 100) of the eight new sesquiterpenoids were active, with IC_ values of 0.03 uM and 1.2 uM,
respectively. Also, Wu et al. (2015) isolated 3,3’-biisofraxidin (101) from the plant. The IC,  value of 101
was ~ 20 uM on BGC823 cells. S. baicalensis (Lamiaceae, common name: Huang-Qin, Chinese skullcap)
is a species native from East Asia and their roots have been used in traditional Chinese medicine for more
than 2000 years as treatment of tumors. Kumagai et al. (2007) investigated the antitumor activities on 11
types of cancer cells of DMSO extract from the plant powder. They found that the ED_ values for Daudi
and NCIH929 cancer cells were ~ 4.6 pg/mL and ~ 5 pg/mL, respectively. Gao et al. (2008) determined
the cytotoxic effect of wogonin (102) against two cell lines. The IC, values were ~ 11 + 3 pug/mL (A549
line) and ~ 22 £+ 3 pg/mL (SKLUT cells). Ji et al. (2015) isolated 30 constituents [including 102, baicalin
(103) and baicalein (104)] from dried slices of the plant root and assessed the cytotoxic capacity against
HepG2, SW480 and MCF7 cell lines by the MTS assay. They found that 10 uM 102—-104 inhibited the
cancer cell growth. Neves et al. (2011) evaluated the cytotoxicity against three cancer lines of 104. The
GI,, values were 7.7 = 0.5 uM on A375-C5 cells, ~ 27 + 3 uM on NCIH460 line and ~ 33 + 2 uM on
MCF7 cells. Huang et al. (2010) determined that 50 uM of 102 inhibited the HL60 cancer cell growth
~ 48%. S. tamariscina (Selaginellaceae) is another traditional Chinese herb used as therapy for some
kinds of cancers. Li et al. (2014a) determined the anticancer properties of the ethyl acetate extract from
the plant against three cell lines. The IC, values were 3.2 + 0.4 ug/mL on HT29 line, 3.2 = 0.8 ng/mL
on HeLa cells and ~ 8 £ 2 pg/mL on Bel7402 cells. S. torvum (Solanaceae, common name: turkey berry)
is a shrub native to southern Mexico and Central America and is also distributed in Asia and Africa. In
herbal medicine from Indonesia, it is used as an anticancer agent. Balachandran et al. (2015) investigated
the anticancer activity of methyl caffeate (105) isolated from plant fruits against MCF7 cell line. The IC,
value was ~ 0.6 uM. Li et al. (2014b) isolated five new steroidal glycosides from plant fruits and evaluated
the cytotoxicity against A375 cancer cell. The authors found that four of them were moderately active,
with IC_ values ranged between ~ 40-260 pM.

S. venosa (Menispermaceae) is a shrub native to the eastern and southern Asia and in traditional
Thai medicine is used for treating cancer. Leewanich et al. (2011) investigated the antineoplastic effect
on NCIH187 cancer line of ethanol extract from the plant. The IC_ value was ~ 5 pg/mL. Le et al. (2017)
studied the anticancer properties against HeLa, MDAMB231 and MCF7 cell lines of dichloromethane/
butanol fractions, and five isolated alkaloids from plant tubers. The authors found that all fractions were
active on the three cell lines: the IC, values were ~ 11 +3 pg/mL— 14.1 £ 0.6 pg/mL for dichloromethane
fraction, and ~ 18 £ 3 ug/mL — ~ 26 = 2 ug/mL for butanol fraction. Besides, four compounds (106—109)
were efficacious against the cancer lines; the IC,, values were 3.3 = 0.2 uM - 6.5 + 0.4 uM for 107
(stephanine); ~ 11 £2 uM —~ 19+ 1 uM for 106; ~30 £ 5 uM —~48 £ 2 uM for 108, and ~ 39 + 6 uM
—~70« 11 pM for 109. Nantapap et al. (2010) investigated the antiproliferative effects of four alkaloids
isolated from plant tubers on K562, K562/Adr, GLC4 and GLC4/Adr cancer lines. They found that
108-110 were effective on cancer cells; the IC,  values were ~ 7 = 2 ug/mL — ~ 10 + 4 ug/mL for 108
(crebanine); ~ 9 + 1 pg/mL — ~ 14 = 4 pg/mL for 109 (o-methylbulbocapnine); and ~ 20 = 5 pg/mL — ~
61 £ 6 pg/mL for 110. Niwat et al. (2001) assessed the cytotoxic activities on MCF7 line of the ethanol
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extract and two isolated alkaloids from plant tubers. The IC, values were ~ 12 pg/mL (for extract) and ~
5-6 pg/mL (for 111 and 108).

T’ avellanedae (Bignoniaceae) is a tree found in the northeast of Brazil. The purple bark (Taheebo) of
this plant has been used by the Callawaya tribe for treatment of skin cancer. Yamashita et al. (2007, 2009)
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studied the cytotoxic effects of naphthoquinone (112), lapachol (113) and B-lapachone (114) against three
cell lines. The EC, values of 112 were ~ 0.1 uM, ~ 0.8-1 uM and ~ 0.5-4 uM on PC3, A549 and MCF7
cancer cells, respectively; the EC, values of 113 and 114 on the same cell lines were ~ 1-2 uM, ~4-5 uM
and ~ 10 uM. Zhang et al. (2015) isolated two furanonaphthoquinones from 7. avellanedae inner bark,
which showed antiproliferative effects on A549, SiHa and MCF7 cancer lines. The IC, values were 0.50
+0.06 uM —1.2+£0.3 pM for 112; 1.1 £ 0.1 pM —-2.0 £ 0.4 uM for 115; 2.0+ 0.3 pM - 3.4 + 0.6 pM for
116; and 10.2 £ 0.4 uM —> ~ 14 uM for 117. T. rosea (common name: pink trumpet tree) is a tree native
from Mexico to Venezuela and Ecuador, used in traditional medicine for treating tumors. Sichaem et al.
(2012) isolated 13 compounds from plant roots and studied the cytotoxic potential of the compounds against
KB and HeLa cell lines. They found that 13 compunds were active on the two cancer lines; nonetheless,
the most active were 112, 118-121. The IC,, values, respectively were ~ 0.5 pg/mL and ~ 0.8 pg/mL
for 118, ~ 1.8 ug/mL and ~ 0.7 ug/mL for 119, ~ 1.4 ug/mL and ~ 1.2 ug/mL for 112, ~ 2.0 ug/mL and
~4.2 pg/mL for 120, and ~ 16 pg/mL and ~ 14 pg/mL for 121.

T wilfordii (Celastraceae, common name: thunder god vine) is a shrub native to Southeast Asia,
used in traditional Chinese medicine from ancient times for the treatment of different ailments including
cancer. Gao et al. (2017) isolated 13 compounds from plant dried roots and screened the cytotoxic effects
on four cell lines. The authors found that only five compounds were effective on the cancer cells with
IC,, values between ~ 11 £ 2 uM — ~ 88 & 1 uM. The most active compounds were 122 and 123 on
HepG2 cells with IC,  values of ~ 11 &2 uM and ~ 18 &= 2 uM, along with 124 on A549 line with IC,
value of ~ 16 =2 uM. Gao et al. (2016) isolated 21 diterpenoids from plant dried roots and evaluated
the cytotoxic potential against six cancer lines. The results revealed that 125 and 126 (triptotin A) were
the most active compounds against all cells, with IC_ values between ~ 5 =2 uM — ~ 23 + 2 uM. The
lowest IC, values were ~ 5 +2 uM and ~ 6 + 2 uM for 125 on HepG2 and MCF7 lines, ~ 8 = 2 uM for
125 and 126 on Bcap37 cells, ~ 9 = 2 uM for 125 on U251 line, ~ 11 £ 3 pM for 126 and 127 on A549
cells, and ~ 17 = 3 pM for 128 on Hep3B line. Fan et al. (2016) isolated 17 compounds from plant dried
stems and determined the cytotoxicity on A549 and A549T cancer cells. The authors found that five of the
17 compounds were active on the A549T line with IC,, values among ~ 11 + 2 uM — 54.4 £ 0.3 uM;
while, only triptofordin B (129) was effective against A549 cancer cells. The most active compound on
AS49T and A549 cell lines was 129 with IC, values of ~ 11 +2 uM and ~ 21 £ 2 uM, respectively. Yang
et al. (2011) isolated eight triterpenoids from plant roots and estimated the cytotoxic effect against HeLa
cancer cells. The most active compounds were tripterfrielanons A (130) and B (131) with IC, values of
8.5 pg/mL and 25 pg/mL, individually.

V. album (Santalaceae, common name: mistletoe) is a perennial hemiparasite shrub native to Europe
and Asia, which has been used in folk medicine for both treatment and in complementary therapies against
cancer. Weissenstein et al. (2016) investigated the effect of a standardized preparation on the action
of Trastuzumab (drug used against breast cancer). The authors also determined the cytotoxic effect of
standardized extract on SKBR3 cancer cells. They found that 1 pg/mL or > 10 ug/mL of extract produced
a cell growth inhibition > 60% or ~ 100%, respectively. Finally, W. somnifera (Solanaceae, common name:
Ashwagandha, Indian ginseng) is a perennial herb native from the dry regions of Asia and other continents
such as Africa. It is an important plant in Ayurvedic and traditional Chinese medicines due to its wide
uses for treatment of several diseases, including cancer (Rai et al. 2016). Nema et al. (2013) screened the
cytotoxicity of hydroalcohol extract from plant leaves against three cancer lines. The IC, values were
~10+£ 1 pg/mL (MCF7 cells), ~ 11 £ 1 pg/mL (A459 line) and ~ 13 £ 1 pg/mL (PA1 cells). Jayaprakasam
et al. (2003) isolated 12 whitanolides from plant dried leaves and evaluated the cytotoxic potential on four
types of cancer cells. The results showed that 10 whitanolides exhibited cytotoxicity on all cancer lines
tested with IC, | values between 0.24 + 0.01 pg/mL —~ 24 + 1 pg/mL. 132-134 (3-dihydrowithaferin A)
were the most active compounds with IC, values among 0.24 +0.01 ug/mL—0.9 +0.2 pg/mL. The lowest
IC,, values were 0.24 + 0.01 pg/mL for 132 (whitaferin A) on NCIH460 line; 0.36 + 0.04 pg/mL, and
0.5+0.2 pg/mL for 132 and 133 (viscosalactone B) on HCT116 cells; 0.28 £ 0.04 png/mL for 132 on SF268
line; and 0.27 + 0.04 pg/mL for 132 on MCF7 cells. Choudhary et al. (2015) isolated two whitanolides
(included 132) from methanol extract of plant aerial parts and evaluated the cytotoxicity on NCIH460 line
for both the extract and whitanolides. The extract showed GI,, and LC, values of 1.5 + 0.2 pg/mL and
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7.60 +0.05 pg/mL; whilst 132 presented GI,, and LC, values of 0.18 + 0.01 pg/mL and 0.45 £ 0.01 pg/
mL; and, 135 exhibited GI,; and LC, values of 1.5+ 0.1 pg/mL and 8.5+ 0.2 pg/mL.

132 133
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Development of anticancer/antitumor drugs from chemical constituents of
plants in accordance with patent analysis

In order to assess the innovation/inventive activities related to medicinal plants with anticancer/antitumor
properties along with development of anticancer/antitumor drugs, the Derwent Innovations Index (Clarivate
Analytics 2017) database was used. Five hundred and ten records of patents were obtained, which were
analyzed by means of VantagePoint software (VP student, Search Technology). Figure 1.4 contains the
inventive dynamic on 157 medicinal plants and antitumor/anticancer properties, in the last 20 years. An
irregular behavior of the patent numbers per year could be observed in the timeline 1997-2006. Since
2007 an increase on the number of patents was evidenced: 2015 and 2016 were the most active years with
99 patents and 89 patents, respectively. To date (2017), only 44 records have been found. Considering
the distribution of patents per offices (top five), it was found that China reported 338 patents, followed
by South Korea (66 patents), United States (47 patents), Switzerland (10 patents), and Japan (nine
patents). The plants with the highest number of patents related to anticancer/antitumor properties were:
S. lyratum (56 patents), C. longa (54 patents), M. tenacissima (54 patents), S. glabra (44 patents), C. roseus
(30 patents) and W. somnifera (14 patents). In agreement with the inventions correlated to applications on
a specific cancer of an isolated compound/extract of plants, the following assignments were found: patents
attendant to lung cancer (65 records), patents associated to gastric cancer (57 records), patents related to
breast cancer (49 records), patents correspondent to liver cancer (42 records), patents mentioning effects
on colorectal cancer (24 records), patents stating results on cervical cancer (22 records), etc. The patents
were found from academic institutions, private corporations and natural persons, mainly: e.g., Qingdao
Tumour Hospital (89 patents), Yinchuan Shanghetu New Technology Dev Co. (20 patents), Jinan Xinshidai
Medical Technology Co. (eight patents), Fenghua Kechuang Technology Service Co. (four patents), Lifeline
Nutraceuticals Corp. (four patents).

With the purpose of identifying what the plants validated on the different types of cancer and
protected by patents, a correlational matrix was elaborated (Fig. 1.5). The analysis of the figure showed
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. fenacissima (20 types of cancer) and S. glabra
(18 types of cancer). Nonetheless, individual plants had a highest patent numbers depending on type of
cancer, f.i., S. lyratum related to gastric cancer (14 registers), and C. longa associated to breast cancer
(9 records). On the other hand, the main type of cancer on which the highest medicinal plant numbers (15)
have been protected, was lung cancer; followed by, breast cancer (13 plants), and liver cancer (10 plants).
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Source: Bibliometry Unit— CRAI-Library, Universidad Santo Tomas (Bucaramanga). Calculations based on Derwent Innovations
Index (Clarivate, Analytics, 2017) database, processed with VantagePoint software (VP Student, Search Technology).
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Source: Bibliometry Unit — CRAI-Library, Universidad Santo Tomas (Bucaramanga). Calculations based on Derwent
Innovations Index (Clarivate Analytics, 2017), processed with VantagePoint software (VP Student, Search Technology).

Table 1.2 includes some patents conferred from the medicinal plants (isolated compounds/extracts)
with anticancer/antitumor properties scientific validated. This table contains the names of medicinal plant,
patent codes, patent titles, IPC classifications, assignees, and dates.
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Conclusion

The scientific validation of the ethnobotanical uses of medicinal plants for cancer treatment is a topic that
has been strengthening since the last 10 years, based on the scientific dynamics observed in the analysis of
text mining carried out; at present, there is a strong and persistent interest in the scientific community and
the pharmaceutical industries for finding/obtaining new drugs with the greatest effectiveness/selectivity,
least side effects and lowest cost, which can act by different mechanisms of action in order to: improve the
quality of life of people with cancer, or find a definitive cure for the disease. Some of the most effective
drugs commercially available for the treatment of cancer were isolated from nature (plants) and perhaps
from the plants themselves, the best molecules could be obtained with the benefits mentioned above. 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-1V), 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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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 governments in sub-Saharan 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
fishing and agricultural activities are dominant (Adenowo et al. 2015, WHO 2017a). Women 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 two major forms of schistosomiasis, namely intestinal and urogenital caused by five digenean
blood flukes of the genus 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) (WHO 2017a). Schistosomiasis
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 fluid in the peritoneal cavity and hypertension of the abdominal blood vessels. The
classic sign of urogenital 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

Before the advent of human immunodeficiency virus (HIV) and acquired 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 1"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 justify 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 tangible benefits (Chimbari 2012). Other 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

According to Chimbari (2012) ducks made significant impact in reducing 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 were preferred by the fish (Sargochromis codringronii) and that vegetation
provided refugia for snails against the predator fish (Chimbari 2012). Sargochromis
codringronii was often attacked by a fish herbivore (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 showed significant reduction in reproductivity 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 significant 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 prevent re-infection. Until recently, children aged five years and below were
excluded from schistosome treatment using PZQ), creating a health inequity in affected populations (Mutapi
et al. 2011). Research by Mutapi et al. (2011) revealed that PZQ treatment is as safe and efficacious in
children aged one to five years as it is in older children in whom PZQ is the drug 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, growth 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 aged five years and below, allowing regular pre-school
based deworming using PZQ, aimed at reducing morbidity and promoting child health (Mutapi 2015).



38 Ethnobotany: Application of Medicinal Plants

Previous research by Midzi et al. (2008) and Mutapi et al. (2011) showed that PZQ usage in Zimbabwe is
efficacious, with schistosome cure and egg reduction rates typically greater than 90%.

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 global coverage is 20%, the drug compliance rate is less than 50% and the drug 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
facing the threat of drug resistance as revealed by both laboratory and field trials (Fallon and Doenhoff
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, Mglgaard 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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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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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 was evaluated using 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
etal. 1994).

Future research and conclusion

From aresearch 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.
Nevertheless, the majority of the medicinal plants documented in this study achieve their efficacies
by reducing Schistosoma species egg-hatching and larval motility or metabolism (Ndamba et al. 1994,
Sparg et al. 2000, Molgaard 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 physiological pathways for specific
bioactives of the documented plant species that are used against schistosome infections.
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Ethnobotany: Medicinal Plants Used in
the Management of Hypertension
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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
(Landazuri 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-Remon et al. 2015, Shayganni et al. 2016, Ferreira
etal. 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, f§ 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 Ca?*
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 [ (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 Ca?* level. The increased Ca*" 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. (4. 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 4. 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 (H,S) 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*? (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
-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 4. 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 4. 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 Ca?* 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, Aguillén 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 Pefias 1991). Flavonoids exhibit diverse biological effects, including inhibition of protein kinase C,
inhibition of cyclic nucleotide phosphodiesterase, decrease in Ca™?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 vifro (Rahmani et al. 2014, Ghayur and Gilani 2005). The crude extract of
ginger (Z0.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 (25125 ug/mL) (Akinyemi et al. 2013).

Table 3.1 summarizes and includes these 10 plants and Fig. 3.1 shows some of its active compounds.
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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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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 Asteraceae Aerial parts | AC = flavonoids and sesquiterpene lactones
C Koch. AM = antioxidant
Allium sativum L. Amaryllidaceac |Bulb AC = S-allyl L-cysteine and allicin.
AM = endothelial nitric oxide (NO) regulation; ACE
inhibition
Annona muricata L. Annonaceae Leaves AC = phenols, alkaloids and acetogenins

AM = antagonism of Ca?*

Artemisia campestris L. | Asteraceae Aerial part AC = spathulenol, 3-eudesmol
AM = L-type Ca?' channels inhibition.

Apium graveolens L. Apiaceae Leaves AC = n-butylphthalide
AM=ND
Avena sativa L. Poaceae/ Whole Cereal |AC = Polyphenols (avenanthramides).
Gramineae AM = free radicals and inflammation reduction, enhances

nitric oxide production

Berberis vulgaris L. Berberidaceae Fruit, leaves, |AC = Berberine and related derivatives
roots AM = Vasoldilatory activity
Morus alba L. Moraceae Fruit AC = Rutin, quercetin.

AM = vasorelaxation (voltage- and receptor-dependent Ca?*
channels inhibition)
Increase NO serum level

Myrtus communis L. Myrtaceae Leaves AC = myricetin-3-Orhamnoside
AM=ND

Passiflora edulis Sims. |Passifloraceae Leaves, fruit | AC = Luteolin-6-C-chinovoside and luteolin-6-C-fucoside;
GABA
AM = ACE inhibition; antioxidant status enhancement

Zingiber officinale Rosc | Zingiberaceae Rhizomes AC = 6-gingerol, 6-shogaol, 8-gingerol, and 10-gingerol
AM = ACE inhibition; blockade of voltage-dependent
calcium channels

ND = Not determined.

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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Introduction

Ethnopharmacology is a recent discipline in the Academia. Although the term ethnopharmacology had
firstly appeared in 1967, “Ethnopharmacological search for new psychoactive drugs”, the ‘idea’ of this
discipline had already been presented in 1924 by Louis Lewin in his work entitled ‘Phantastica’.

Originally, ethnopharmacology was defined as a science that sought to understand, from field works,
the natural resources’ (plants, animals) universe used as drugs from human groups’ point of view. One of
these definitions was given by Schultes (1988) “...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”.

However, over time, some researchers have defined it in the context of pharmacological and
phytochemical studies and not field work. That is, the plants or animals indicated during the field work
among Indians, for example, should be investigated by these sciences in order to prove or not their
‘empirical’ use; however, the field work itself would not be considered an ethnopharmacol