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ABSTRACT 

 

Ozenver, N., Isolation of Potential Drug Candidate Molecules From Rumex 

acetosella L. and In Silico, In Vitro Researches on Those Molecules, Hacettepe 

University, Institute of Health Sciences, Pharmacognosy Program, Doctor of 

Philosophy Thesis, Ankara, 2018. In this thesis, biological activity studies on the 

extracts of R. acetosella as well as its compounds were conducted. Some extracts of 

the title plant and some isolated substances were investigated against diabetes and 

cancer, hence R. acetosella is traditionally used in diabetes and cancer. Initially, 

antioxidant studies were performed as preliminary researches so that oxidative stress 

may have a role in the etiology of these diseases, which indicated alcoholic extracts 

as good antioxidants. Then, isolation studies were conducted to view phytochemical 

profile of R. acetosella. Isolated compounds and the main anthraquinone aglycones 

were tested for their cytotoxicities by resazurin reduction and protease viability 

marker assays. Aloe-emodin was detected as the most cytotoxic compound and the 

mechanisms behind its cytotoxicity were further investigated. Inducement of cell 

cycle distribution, apoptosis and necrosis, reactive oxygen species, mitochondrial 

membrane potential breakdown, DNA damage were detected. Microarray 

hybridization revealed deregulated genes in aloe-emodin-treated cells, validating by 

qPCR analysis. Motif analysis pointed out NF-κB as a transcriptional regulator. 

Molecular docking and reporter cell assays revealed the aloe-emodin/NF-κB relation. 

Antidiabetic effects of the extracts and some of their chemical constituents were 

investigated by means of α-amylase and α-glucosidase inhibition assays, which 

emphasized the ethanol extracts as antidiabetic, confirming the traditional use of R. 

acetosella. All findings pointed out that R. acetosella and aloe-emodin may have 

potentials for the development of new drugs in the treatment of both diabetes and 

cancer.  

Key Words: Rumex acetosella, aloe-emodin, cancer, diabetes, phytochemistry. 
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ÖZET 

 

Özenver, N., Rumex acetosella L. Bitkisinden Potansiyel İlaç Adayı 

Moleküllerin İzolasyonu ve Moleküller Üzerinde İn Siliko, İn Vitro 

Araştırmalar, Hacettepe Üniversitesi Sağlık Bilimleri Enstitüsü Farmakognozi 

Programı, Doktora Tezi, Ankara, 2018. Bu tezde R. acetosella ekstreleri ve 

içerdiği maddeler üzerinde biyolojik aktivite çalışmaları gerçekleştirilmiştir. R. 

acetosella geleneksel olarak diyabet ve kansere karşı kullanılması nedeniyle, bazı 

ekstreler ve bunlardan izole edilen bazı maddelerin antidiyabetik ve sitotoksik 

etkileri araştırılmıştır. Oksidatif stresin bu hastalıkların etiyolojisinde rol alması 

nedeniyle, başlangıçta ön araştırma olarak antioksidan çalışmalar yapılmış ve 

etanollü ekstrelerin en iyi antioksidanlar olduğu görülmüştür. Daha sonra, bitkinin 

fitokimyasal profilini belirlemek için izolasyon çalışmaları yürütülmüştür. İzole 

edilen maddelerin ve temel antrakinon aglikonlarının sitotoksisiteleri “resazurin 

redüksiyon” ve “proteaz viability marker” yöntemleri ile araştırılmıştır. Aloe-emodin 

en yüksek sitotoksik etkiyi göstermiş ve sitotoksisitesinin altında yatan 

mekanizmalar da ayrıca araştırılmıştır. Hücre döngüsünün bozulmasının, apoptozun, 

nekrozun, reaktif oksijen türlerinin, mitokondri zar potansiyelinin bozulmasının ve 

DNA zararının indüklendiği görülmüştür. Mikrodizi hibridizasyonu, aloe-emodin ile 

muamele edilen CCRF-CEM hücrelerinin gen profillerini ortaya çıkarmış ve qPCR 

ile doğrulanmıştır. Motif analizi ile NF-κB transkripsiyonal bir düzenleyici olarak 

gösterilmiştir. Moleküler doking ve reporter hücre yöntemleri ile aloe-emodin/NF-

κB ilişkisi gösterilmiştir. Ekstreler ve antrakinon aglikonlarının antidiyabetik etkileri, 

α-amilaz ve α-glukozidaz inhibisyonu yöntemleri ile araştırılmış; etanollü ekstrelerin 

bitkinin geleneksel kullanımını doğrulayacak şekilde antidiyabetik etkili olabileceği 

gösterilmiştir. Tüm bulgular, R. acetosella ve aloe-emodinin diyabet ve kanserde 

yeni ilaçların geliştirilmesinde potansiyel olabileceklerini göstermiştir.  

Anahtar Kelimeler: Rumex acetosella, aloe-emodin, kanser, diyabet, fitokimya. 

Teşekkür: Bu tezde yer alan çalışmalar, TÜBİTAK 2214-A ve 2211-C burs 

programları ve Hacettepe Üniversitesi Bilimsel Araştırma Projeleri Koordinasyon 

Birimi (Proje kodları: 014D01301003-485 ve TED-2017-15246) tarafından 

desteklenmiştir. 
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1. INTRODUCTION 
 

Nature is an unique source of model compounds for the development of new 

drugs (1).  

Plants constitute a significant part of natural resources utilizing in traditional 

medicine as well as obtaining pure drug molecules and their semi-synthetic 

derivatives.  

Oxidative stress, caused by excessive ROS (reactive oxygen species) or RNS 

(reactive nitrogen species) accumulation in the body, has a pivotal role in the 

development of such diseases like cancer and diabetes. The human body has diverse 

rules to neutralize oxidative stress to prevent damages or diseases caused by ROS or 

RNS, which are naturally produced or outwardly supplied antioxidants and known as  

“free radical scavengers“(2-5).  

Rumex acetosella L. is a member of Rumex genus widely distributed over the 

world from Polygonaceae family, which has a wide scale of usage in traditional 

medicine worldwide. Leaves of R. acetosella are consumed as food (6-10) and used 

as analgesic and diuretic in Turkey (11). Steamed leaves are used for the treatment of 

warts and bruises in North America (Indians) and Romania (8, 12). Chewed fresh 

leaves are used as stomach aid in North America (Indians) (8) as well as aerial parts 

and seeds to be applied against diarrhoea in Hungary (13, 14). Aerial parts are used 

against jaundice and fever as decoction in Iran (15). In American traditional 

medicine, it is reported to be applied for the treatment of different kinds of tumors 

(16) and have a long traditional usage in folk medicine for the treatment of cancer 

(13, 17, 18), e.g. as component of Essiac tea (19) in different regions in the world. 

R. acetosella has an anthraquinone-rich phytochemical content. 

Anthraquinones characterized by wide structural diversity and low toxicity have an 

important place among the phytochemicals (20). They are mostly present in the 

families of Fabaceae, Liliaceae, Polygonaceae, Rhamnaceae, Rubiaceae, and 

Scrophulariaceae (21). Anthraquinones were previously shown to inhibit 

proliferation or tumor growth in several cell lines such as breast (22-24), lung (23), 

cervix (25), prostate (26), colon, central nervous system as well as of glioma (23, 

27), hepatoma (28) and leukemia (29, 30).  
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Natural compounds (e.g. anthracyclines, Vinca alkaloids, taxanes, 

camptothecins etc.) are very important substances used in cancer treatment. 

Evidently, 69% of the anticancer drugs approved between 1980s and 2002 are 

originated from nature and usually improved in the light of knowledge obtained from 

natural sources (31). Natural compounds are also assumed as important precursors in 

the development of novel targeted chemotherapeutics with improved antitumor 

activity and fewer side effects (32). 

Structural similarities of anthraquinone aglycones to anthracyclines allow to 

speculate on their possible anticancer activities.  

Cancer is one of the leading cause of death worldwide. In 2012, 14.1 million 

patients were diagnosed (33) and new cases with cancer are predicted to increase by 

70% over the next 20 years (34).  

Despite notable improvements in cancer research in the past few decades, 

many cancer patients still cannot be cured due to the development of drug resistance. 

Even worse, tumors frequently develop resistance not only to a single drug, but also 

to many drugs at the same time. This phenomenon has been termed as multidrug 

resistance (MDR) and reduces the success of chemotherapy, which is the mainstay in 

cancer treatment (35). The response of tumor cells to cytotoxic agents is frequently 

determined by multiple factors (36, 37). 

R. acetosella has a long tradition in folk medicine for the treatment of cancer 

(13, 17-19). The traditional use of R. acetosella extracts were confirmed by in vitro 

studies (38). The plant contains anthraquinones (39), flavonoids (39) and other 

phenolics (40). These components of the plant may be associated with the 

cytotoxicity. The main anthraquinone aglycones (emodin, aloe-emodin, physcion, 

rhein), reported to be present in R. acetosella in previous researches (13, 39, 41), 

were investigated for their cytotoxicity as they have structural similarity to clinically 

established anticancer agents like Doxorubicin. 

One of the other uses of Rumex species is diabetes (42, 43). Fresh leaves of R. 

acetosella were reported to have a traditonal usage in diabetes by local people in 

Elazığ district of Turkey (44-47). Ethnobotanical information indicates that more 

than 800 plants are used for the treatment of diabetes throughout the world (48). 
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Diabetes mellitus (DM) is a disease caused by abnormal metabolism of 

carbohydrate, characterized by increased blood sugar level. Insulin disturbance 

occurred in the disease causes imbalances in carbohydrate, fat and protein 

metabolism, affecting the vital organs in the body such as eyes, kidney, heart, 

nervous system etc. and leading morbidity and mortality. These can be both 

macrovascular and microvascular originated such as coronary artery disease, 

myocardial infarction, hypertension, peripheral vascular disease, retinopathy and 

neuropathy (49, 50). According to World and Health Organization (WHO) reports, 

patients with DM has been 422 million nearly quadrupling since 1980 and inclined 

1.5 milllion deaths in 2012 (51). Therefore, glycemic control has a prominent role to 

preclude worse complication outcomes and diabet-regarded deaths.  

Pancreatic alpha (α)-amylase and intestinal alpha (α)-glucosidases as starch 

hidrolyzing enzymes cause increased glucose levels in blood (52). A therapeutic 

approach to treat diabetes and prevent complications is to reduce postprandial 

hyperglycemia, which can be achieved through the inhibition of α-amylase and α-

glucosidase involved in carbohydrate hydrolysis (53-56). Inhibitors of these enzymes 

delay carbonhydrate digestion and interrupt the increase in postprandial glucose in 

plasma (53), indicating that they are important agents in the discovery of new drugs 

in diabetes (57). 

R. acetosella are used in traditional medicine against cancer and diabetes in 

many countries, from this point of view, the aims of the present thesis are: 

(1) To measure the antioxidant capacities of various R. acetosella extracts as 

preliminary studies since the oxidative stress takes part in the etiology of many 

diseases such as cancer and diabetes mellitus, 

(2) To isolate possible drug candidate molecules from R. acetosella and 

elucidate their structures,  

(3) To determine the cytotoxicities of all isolated molecules from R. 

acetosella and commercial main anthraquinone aglycones. It is also planned to 

identify the mode of action of the most active compound via detection of reactive 

oxygen species (ROS), DNA damage, cell cycle arrest, apoptosis and necrosis. 

Besides, inherent resistance of the most active compound was planned to be 

investigated by microarray-based mRNA profiling. Because tumor cells can be 
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unresponsive to cytotoxic compounds, even if they have never been exposed to drugs 

before, 

(4) To investigate the α-amylase and α-glucosidase inhibition potentials of 

the extracts prepared from R. acetosella and the main anthraquinone aglycones of the 

title plant. 
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2. GENERAL INFORMATION 
 

2.1 Botanical Information 

Botanical knowledge of Polygonaceae family, Rumex genus and Rumex 

acetosella L. were separately indicated below. 

2.1.1 Polygonaceae Family 

Kingdom: Plantae   

Subkingdom: Tracheobionta 

Superdivision: Spermatophyta 

Division: Magnoliophyta 

Class: Magnoliopsida  

Subclass: Caryophyllidae 

Order: Polygonales 

Family: Polygonaceae 

Polygonaceae family members are seen as herbs, shrubs, rarely vines or trees 

with jointed stems and with alternate, opposite, whorle, hastate or sagittate leaves in 

nature. Stipulas when represent are merged and sheathing. Flowers are exact on 

pedicels. Calyx is 2-6 parted or dissected. Sepals are constant without any petals. 

Stamens are 2-9, situated near the base of the calyx whereas pistil individually free 

from the calyx, ovary as superior 1 celled including ovule solitary, orthotropous, 

erect or hanging. Styles are 2-3 or 4 exact or partly united. Fruits are lentiform, 3 or 4 

angled achene usually invested by the persistent calyx. Embriyo direct within the 

endosperm or curved around it (58, 59). 

Polygonaceae family is mostly prevalent in Northern hemisphere with thirty 

two genus and around eight hundred species worldwide as well as eight genus and 

seventy four  species including fourteen endemic species in Turkey (59). 
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The identification key for the genera of the plants in Polygonaceae family 

grown in Turkey: 

1. Woody branches 

2. Stamens 10-16, the fruit is covered with hard, lumpy, thorns on.  

                                                                                                        3. Calligonum                                                                                                                                                                                                 

2. Stamens 6-8, fruit is without thorn  

3. Stamens attach to the mouth part of the parts of perianth, the fruit has 

2 lobes, 3 wings 

                                                                                                                 2. Pteropyrum 

3. Stamens attach to the base of the parts of perianth, the fruit is wingless  

1. Atraphaxis  

2. Sometimes weeds bearing woody branches  

4. Perianths 4-segmented, leaves mostly completely grounded, from reniform 

to triangular cord, long adjustable 

5. Oxyria  

4. Perianths 5-6-segmented, leaves not like the above 

5. Flowers unisexual  

6. Leaves hastate or sagittate, the end of perianth parts fruity, not 

bushy  

7. Rumex   

6. Leaves cordate, the ends of perianth parts are bushy,  

8. Emex  

5. Flowers hermaphrodite  

7. Stamens 9, fruit winged, leaves palmat-nerved 

4. Rheum  

7. Stamens 6-8, fruit not winged, leaves pennat nerved 

8. Perianths 6-segmented, inner ones bigger than the outer 

ones, stamens 6  

7. Rumex  

8. Perianths 5-segmented, all equal in size, stamens usually 8  

6. Polygonum  
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2.1.2 The Genus Rumex  

Rumex as the second most extensive genus in Polygonaceae family is 

distributed in Europe, Asia, Africa and North America-substantially in Northern 

hemisphere with approximately 200 species (13).  

Plants in Rumex genus are annuals, biennials or perennials as mostly herbs 

seldomly shrubs. Roots are frequently long and strong, occasionally rhizomatous. 

Leaves are alternate, hastate, sagittate and ochreae tubular. Flowers may be 

organized in simple whorls or branched inflorescens as unisexual and 

hermaphrodites. Fruits are trigonous nuts (13, 60, 61). 31 taxa -8 of whom are 

subspecies and 27 different Rumex species including 6 endemic ones are growing in 

Turkey (61, 62).  

Rumex species growing in Turkey and their distribution are shown in (Table 

2.1.). 

Table 2.1. Rumex species growing in Turkey and their distribution. 

Plant species City  Region 
Rumex acetosella L. Edirne, Canakkale, Istanbul, 

Bolu, Kastamonu, Amasya, 
Ordu, Rize, Coruh, Izmir, 
Kutahya, Ankara, Artvin, 
Giresun, Kayseri, 
Kahramanmaras, Tunceli, 
Bitlis, Agrı, Isparta, 

A1, A2, A3, A4, A5, A6, A7, 
A8, A9, B1, B2, B4, B5, B6, 
B7, B9, B10, C3, C6  
 

Rumex scutatus L. Adana, Kastamonu, Ankara, 
Antalya, Bursa, Gumushane, 
Izmir, Konya, Kahramanmaras, 
Mugla, Mus, Rize, Sivas, Van  

A2, A3, A4, A7, A8, B2, B3, 
B4, B5, B6, B7, B9, C2, C3, 
C6, C9, C10  
 

Rumex tuberosus L. Adana, Bolu, Istanbul, Karabuk, 
Antalya, Bursa, Canakkale, 
Denizli, Hatay, Icel, Izmir, 
Kutahya, Samsun  

A1, A2, A3, A4, A5, B1, B2, 
B5, C2, C3, C4, C6  
 

Rumex arifolius ALL.  Sivas A6, A7 
Rumex tmoleus Boiss. 
(Endemic) 

Izmir, Antalya B2, C2 

Rumex alpinus L. Bursa, Bolu, Gumushane, 
Coruh, Rize, Erzincan, 
Erzurum, Bitlis 

A2, A3, A7, A8, B7, B8 

Rumex gracilescens Rech. 
(Endemic)  

Agrı, Kastamonu, Kars A4, A9, B9 

Rumex olympicus Boiss. 
(Endemic) 

Bursa A2 



  8 

Table 2.1. Rumex species growing in Turkey and their distribution (continued). 
Plant species City  Region 
Rumex patientia L. Kars, Izmir, Kahramanmaras, 

Sivas, Izmir, Antalya, Adana, 
Mardin, Diyarbakir 

A9, B1, B6, B9, C3, C5, C8 

Rumex caucasicus Rech. Rize A8 
Rumex cristatus DC. Canakkale, Kocaeli, Izmir, 

Denizli,  
A1, A2, B2, C2 

Rumex ponticus E.H.L. Krause 
(Endemic) 

Gumushane, Erzurum, 
Erzincan, Bitlis, Hakkari 

A7, A8, B7, B8, C10 

Rumex angustifolius Campd. Gumushane, Usak, Kutahya, 
Kayseri, Sivas, Tunceli, 
Antalya, Konya, Hakkari, 
Kahramanmaras, Erzincan, 
Bitlis, Nigde 

A7, B2, , B5, B6, B7, C2, C3, 
C4, C5, C9,  

Rumex crispus L.  Canakkale, Istanbul, Bolu, 
Kastamonu, Coruh, Kars, Izmir, 
Ankara, Tunceli, Diyarbakir, 
Gaziantep 

A1, A2, A5, A8, A9, B2, B4, 
B7, B9, C4, C6 

Rumex conglomeratus Murray Adana, Istanbul, Karabuk, 
Bitlis, Çanakkale, Isparta, 
Konya, Mugla  

A1, A2, A4, B8, C1, C3, C4, 
C5 

Rumex palustris SM.  Izmir B1, B2 
Rumex maritimus L.  Samsun A6 
Rumex sanguineus L.  Gaziantep, Istanbul A2, C6 
Rumex hydrolapathum Huds. Bolu A3 
Rumex obtusifolius L. Istanbul, Bursa, Bolu, 

Kastamonu, Sinop, Gumushane, 
Coruh 

A2, A3, A4, A5, A7, A8 

Rumex chalepensis Miller Gaziantep C6 
Rumex pulcher L.  Canakkale, Istanbul, Kocaeli, 

Trabzon, Izmir, Kutahya, 
Ankara, Aydin, Denizli, 
Antalya, Icel, Diyarbakir 

A1, A2, A7, B1, B2, B4, B5, 
C1, C2, C3, C4, C8 

Rumex bithynicus Rech. Fil. 
(Endemic)  

Bursa A2 

Rumex amanus Rech. 
(Endemic) 

Hatay C6 

Rumex nepalensis Sprengel Bursa, Bolu, Zonguldak, 
Gumushane, Balikesir, Izmir, 
Bilecik, Tunceli, Hatay 

A2, A3, A4, A7, B1, B2, B3, 
B7, C6 

Rumex dentatus L. Kastamonu, Eskısehir, Ankara, 
Konya, Hatay 

A5, B3, B6, B4, C4, C6 

Rumex bucephalophorus L. Istanbul, Antalya, Aydin, 
Balikesir, Icel, Izmir, Mugla  

A2, B1, C1, C2, C3, C4, C5  
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2.1.3 Rumex acetosella L.  

 
Rumex acetosella (Figure 2.1.) (Syn: Acetosella vulgaris (W.D.J. Koch) 

Fourr., Rumex acetoselloides Bal.) is a perennial and slight plant with 15-40 cm 

hairless or delicately papillose stems, hastate leaves with central lobes from 

lanceolate to oblanceolate, more splitted lateral lobes and unisexual flowers as 

dioecious plants. Outer sepals can reach to 1.5 mm long and lanceolate whereas inner 

sepals can reach to 2 mm long as obovate in the staminate flower with 6 stamen and 

mostly ovate in the pistillate flower. Three angular and gold brown achene can reach 

to 1.5 mm long. Permanent calyx is not broadened. It blooms from April to August 

and bear fruits until October (61, 63). 

 

Figure 2.1. Rumex acetosella L. deposited as a voucher specimen in the Herbarium 
of Faculty of Pharmacy, Hacettepe University, Ankara, Turkey (HUEF: 13005). 

Vernacular Names  

R. acetosella is locally named as “kuzukulagı, ebeneksisi, egsikulak, 

egsimene, eksice, eksikulak, eksilik, eksimcik, eksimelek, eksimen, eksimenek, 
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guzugulagı, guzukulagı, oglakkulagı, seytankulagı, tursu otu” (62) in Turkey and 

“sour dock, red sorrel, sheep sorrel, common sheep sorrel, field sorrel, reti/mezei 

soska, juhsoska” in different countries and regions in the World (11, 13, 64-66). 

Range and Habitat  

It grows on the fields, roadsides and waste areas with acidic soils. It ranges 

from Europa and Asia to United States and Canada (63, 67). It’s also widely 

distributed in Turkey (Table 2.2.) (62, 68).  

Table 2.2. Distribution of R. acetosella over Turkey based on grids. 

 

A1(E) Edirne: 20 km E of Edirne, Sorger T-63-58-7 A1(A) Canakkale: Dardanelles, 

Saradschik, Sint.1883:861 A2(E) Istanbul: Belgrad forest, Kayacik 84 A2(A) 

Istanbul; Alemdag, 3 vi 1895, Azn. A3 Bolu: Ala Da., Kartal Kaya Tepe, 2100-2200 

m, D. 37303 A4 Kastamonu: N side of Ilgaz Da., 1500 m, D. 38287 A5 Amasya: 

Amasya, Abaci Da., 1300- 1500 m, Bornm. 1889:1256 A6 Ordu: 10 km from Unye, 

Jardine 426a A7 Giresun: Tamdere to Yavuzkemal, 1500 m, D. 20725 A8 Rize: 

Khavia De. nr. Miracalo, Bal. 1477 A9 Coruh: Kordevan Da., 2200 m, D. 30234 

B1/2 Izmir: Izmir and Bozdag, Bal. 351 B2 Kutahya: Demirci to Simav, 1340-1390 

m, Demiriz 2082 B4 Ankara: Ankara, Bornm. 1892:3120 B5 Kayseri: Talasse, 7 km 

SE of Kayseri, 1300 m, Bal. 1105 B6 Maras: Goksun to Elbistan, 1400 m, Stn & 

Hend. 5578 B7 Tunceli: S of Ovacik, 1750 m, D. 31557 B9 Bitlis: Bitlis to Tatvan, 

1800 m, D. 22363 B10 Agri: Great Ararat (Agri Da.), B. Post 1910: 2104 C3 Isparta: 

Dedegol Da., 1400 m, Sorger T-65-43-109 C6 Maras: 3 miles N of Andirin,  
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Table 2.2. Distribution of R. acetosella over Turkey based on grids (continued). 

1000 m, Coode & Jones 1202 A4 Ankara: Camlidere, along road sides 1 km behind 

the Camkoru Lake, 1450 m (HUEF 13005!), B6 Sivas to Tokat, Camlibel location, 

1934m (HUEF 92205!), A2(A) Istanbul: Pasakoy Omerli Dam Lake, 200 m (ANK 

3649!), A(5) Corum: Bayat, Kurudag location, 1800 m (ANK 3931!), B3 Eskisehir: 

Turkmen Mountain, 1300 m (ANK 5280!), B7 Tunceli: S of Ovacik, 1750 m (ANK 

31557!), A4 near by Karabuk location: Ardıc duzu location, 1300 m (ANK 1764!), 

A4 Kastamonu: Ilgaz Mountains, 1600 m (ANK 11771!), A4 Summit of Isık 

Mountain, 2000 m (ANK 6467!), A4 Ankara: Kizilcahamam- Kargasekmez location, 

1100 m (ANK 208!), A8: Murgul-Damar location, 1165 m (ANK 708!), A4: Road 

Kastamonu to Kure, 1100 m (ANK 1415!), A5 Yozgat: Cekerek, Koyunculu Village, 

Fakı Mountain, 1350 m (ANK 935!), B5 Kayseri: Erciyes Mountain, Derin dere 

location, 2570 m (ANK 3957!). 
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2.2 Substances in Rumex Species  

Primary and secondary metabolites from Rumex genus identified by 

phytochemical studies were shown in tables (Tables 2.3.-2.16.) below. 

2.2.1 Anthranoids 

                                   

Table 2.3. Antraquinone aglycones in Rumex species. 
Compound R2 R3 R5 R6 R7 R8 Plant Reference 
Alizarin OH H H H H H R. abyssinicus 

R. alpinus 
R. chalepensis 

(69) 
(70) 
(70) 

Aloe-emodin H CH2OH H H H OH R. acetosa 
 
R. acetosella 
R. alpinus 
R. angustifolius 
R. arifolius 
R. chalepensis 
R. confertus 
R. conglomeratus 
R. crispus 
R. cristatus 
R. dentatus 
R. gracilescens 
R. hydrolapathum 
R. japonicus 
R. maritimus 
R. nepalensis 
R. obtusifolius 
R. palustris 
R. patientia 
R. sanguineus 
R. scutatus 

(13, 41, 71, 
72) 
(13, 41, 71) 
(41, 73) 
(73) 
(41) 
(74) 
(13, 41, 71) 
(41) 
(13, 71, 73) 
(74) 
(73) 
(73) 
(13, 71) 
(75) 
(41) 
(41) 
(13, 41, 71) 
(41) 
(41) 
(73) 
(41, 76) 

ω-acetoxy-aloe-
emodin 

H CH2O-
COCH3 

H H H OH R. acetosa (77) 

O

O

R8 OH

R2

R3

R5

R6

R7
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Table 2.3. Antraquinone aglycones in Rumex species (continued). 
Compound R2 R3 R5 R6 R7 R8 Plant Reference 
Chrysophanol H CH3 H H H OH R. abyssinicus  

R. acetosa 
  
R. acetosella  
R. alpinus  
R. altissimus  
R. angustifolius  
R. aquaticus  
R. arifolius  
R. bequaertii  
R. britannicus  
R. brownii  
R. bucephalopherus 
R. chalepensis  
R. confertus  
R. conglomeratus  
R. crispus  
R. cristatus  
R. cyprius  
R. dentatus  
R. dictyocarpus  
R. domesticus  
R. lanceolatus  
R. ginii  
R. gracilescens  
R. hastatus  
R. hydrolapathum 
R. hymenosepalus  
R. japonicus  
R. luminiastrum  
R. maritimus  
R. nepalensis  
 
R. obtusifolius  
R. palustris  
R. paulsenianus  
R. patientia  
 
R. pictus  
R. pulcher  
R. ruwenzoriensis  
R. sanguineus  
R. scutatus  
R. stenophyllus  
R. tingitanus 
R. thyrsiflorus  
R. usambarensis  
R. vesicarius  

(42, 78, 79) 
(13, 41, 71, 
72, 80) 
(41, 71, 74) 
(41, 81) 
(41) 
(73) 
(13) 
(41) 
(79) 
(13) 
(41) 
(82) 
(83) 
(41, 71) 
(41) 
(41, 71) 
(74) 
(74, 84) 
(85) 
(74, 86) 
(82) 
(13) 
(82) 
(87) 
(13, 88, 89) 
(41, 71) 
(13, 90) 
(13, 74, 91) 
(13, 74, 92) 
(41) 
(13, 41, 88, 
89) 
(41, 71) 
(41) 
(41, 74, 93) 
(13, 41, 94-
97) 
(13, 84) 
(41) 
(79) 
(41) 
(41, 76) 
(41) 
(74, 98) 
(99) 
(74, 79) 
(100, 101) 
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Table 2.3. Antraquinone aglycones in Rumex species (continued). 
Compound R2 R3 R5 R6 R7 R8 Plant Reference 
Chrysophanol 
(continued) 

H CH3 H H H OH R. wallichii (74, 102) 

Citreoresin H CH2OH H OH H OH R. acetosella 
R. hastatus 
R. nepalensis  
R. patientia 

(74) 
(13, 88, 89) 
(13, 88, 89) 
(13, 89) 

Emodin H CH3 H OH H OH R. abyssinicus 
R. acetosa 
 
R. acetosella  
R. aegyptiacus  
R. alpinus  
R. altissimus  
R. angustifolius  
R. aquaticus  
R. arifolius 
R. bequaertii  
R. britannicus  
R. brownii  
R. bucephalophorus 
R. chalepensis  
R. confertus  
R. conglomeratus 
R. crispus  
R. cristatus  
R. cyprius  
R. dentatus  
R. dictyocarpus  
R. domesticus  
R. lanceolatus 
R. gmelini  
R. gracilescens 
R. hastatus  
R. hydrolapathum 
R. hymenosepalus 
R. japonicus  
 
R. luminiastrum  
R. maritimus 
R. nepalensis  
R. obtusifolius 
 
R. palustris 
R. patientia 
R. pictus  
R. pulcher 
R. rechingerianus 
R. ruwenzoriensis 

(42, 78, 79) 
(41, 71, 72, 
80, 103) 
(41, 71) 
(84) 
(41, 73, 81) 
(41) 
(73) 
(104) 
(41) 
(79) 
(104) 
(41) 
(105) 
(74) 
(41, 71, 106) 
(41, 104) 
(41, 71, 106) 
(70, 74, 107) 
(84) 
(106) 
(74) 
(82) 
(13) 
(108) 
(87) 
(88, 109) 
(13, 41, 71) 
(13) 
(75, 91, 110, 
111) 
(13, 92) 
(41) 
(41) 
(41, 70, 71, 
106) 
(41) 
(13, 41) 
(13, 84) 
(41) 
(84) 
(79) 
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Table 2.3. Antraquinone aglycones in Rumex species (continued). 
Compound R2 R3 R5 R6 R7 R8 Plant Reference 
Emodin 
(continued) 

H CH3 H OH H OH R. sanguineus 
R. scutatus  
R. simpliciflorus  
R. stenophyllus 
R. thyrsiflorus 
R. usambarensis 
R. vesicarius 
R. wallichii 

(13, 41) 
(13, 41) 
(13, 84) 
(13, 41) 
(13) 
(79) 
(13, 84, 101) 
(102) 

Endocrocin COOH CH3 H OH H OH R. dentatus 
R. nepalensis 

(112) 
(113) 

Physcion H CH3 H OCH3 H OH R. abyssinicus 
R. acetosa 
 
R. acetosella  
R. alpinus  
R. altissimus  
R. angustifolius 
R. arifolius 
R. bequaertii 
R. brownii  
R. chalepensis 
R. confertus  
R. conglomeratus 
R. crispus 
 
R. cristatus  
R. dentatus  
R. domesticus 
R. gmelini 
R. gracilescens 
R. hastatus 
R. hydrolapathum 
R. hymenosepalus 
R. japonicus  
R. luminiastrum 
R. maritimus 
R. nepalensis 
 
R. obtusifolius  
R. palustris  
R. patientia 
R. pulcher  
R. ruwenzoriensis 
R. sanguineus  
R. scutatus  
R. stenophyllus 
R. usambarensis 
R. vesicarius 

(42, 78, 79) 
(41, 71, 72, 
79, 80, 83) 
(41, 71) 
(41, 81) 
(41) 
(73) 
(41) 
(79) 
(41) 
(83) 
(41, 71) 
(41) 
(41, 71, 79, 
83) 
(74, 107) 
(73, 114) 
(82) 
(83) 
(73) 
(84, 89) 
(41, 71) 
(90) 
(83) 
(92) 
(41) 
(41, 83, 89, 
113) 
(41, 71) 
(41) 
(41, 83, 89) 
(41) 
(79) 
(41) 
(41, 76) 
(41) 
(79) 
(100) 
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Table 2.3. Antraquinone aglycones in Rumex species (continued). 
Compound R2 R3 R5 R6 R7 R8 Plant Reference 

Przewalsqui-
none B 

H OCH3 OH H CH3 H R. crispus (115, 116) 

Rhein H COOH H H H OH R. abyssinicus 
R. acetosa 
R. acetosella  
R. andreaeanum 
R. confertus 
R. conglomeratus 
R. cristatus 
R. crispus  
R. hydrolapathum 
R. obtusifolius  
R. palustris   
R. vesicarius 

(69) 
(13, 71) 
(13, 71) 
(117) 
(13, 71) 
(41) 
(74, 107) 
(13, 71) 
(13, 71) 
(13, 71) 
(41) 
(74, 101) 

Ziganein H CH3 OH H H H R. crispus (13, 115) 
1,3,5- 
trihydroxy-6-
hydroxymet-
hylanthraqui-
none  

H OH OH CH2OH H OH R. crispus (13, 115) 
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Table 2.4. Antraquinone glycosides in Rumex species. 
Compound R1 R3 R6 R8 Plant Reference 

Emodin-1-O-β -
D-
glucopyranoside 

glu CH3 OH H R. gmelini (118) 

Emodin-6-O-β-
D-
glucopyranoside  

H CH3 O-β-D-
glu 

H R. patientia (13, 97) 

Emodin-8-O-β-
D-(6′-O- 
acetyl)glucopy-
ranoside  

H CH3 OH β-D- (6′-
O- 
acetyl) 
glu 

R. nepalensis 
R. hastatus 

(88, 113) 
(88) 

Emodin-8-O-β-
D-
glucopyranoside  

H CH3 OH β-D-glu R. abyssinicus 
R. acetosa 
R. acetosella 
R. alpinus 
R. angustifolius 
R. aquatica 
R. confertus 
R. 
conglomeratus 
R. crispus 
R. dentatus 
R. hastatus 
R. japonicus 
R. gracilescens 
R. 
hymenosepalus  
R. luminiastrum 
R. nepalensis 
R. patientia 
R. sanguineus  
R. scutatus 

(78) 
(71, 80) 
(119) 
(119) 
(119) 
(13, 120) 
(121) 
 
(119) 
(119, 122) 
(119) 
(13, 88) 
(13, 91, 123) 
(119) 
 
(13, 90) 
(92) 
(88, 113) 
(13, 97) 
(119) 
(119) 

Chrysophanol-
8-O-β-D-
galactopyrano-
side 

H CH3 H gal R nepalensis (124) 

 

O

O

R6 R3

OR1OR8
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Table 2.4. Antraquinone glycosides in Rumex species (continued). 
Compound R1 R3 R6 R8 Plant Reference 
Chrysophanol-
1-O-β-D-
glucopyranoside 

glu CH3 H H R. acetosa 
R. confertus 
R. gmelini 

(125) 
(121) 
(118, 126) 

Chrysophanol-
8-O-β-D-(6′O- 
acetyl)glucopy-
ranoside  

H CH3 H β-D-(6′-
O-acetyl) 
glu 

R. gmelini 
R. nepalensis 
R. hastatus 

(127) 
(88) 
(88) 

Chrysophanol-
8-O-β-D-
glucopyranoside 

H CH3 H β-D-glu R. abyssinicus 
R. acetosa 
R. aquaticus 
R. confertus 
R. crispus 
R. dentatus 
R. gmelini 
R. gracilescens 
R. hastatus 
R. japonicus 
R. nepalensis 
R. patientia 

(78) 
(71) 
(128) 
(106) 
(122) 
(106) 
(127) 
(87) 
(88) 
(91, 123) 
(88, 113) 
(94, 97) 

Physcion-1-O- 
β -D-
glucopyranoside 

Glu CH3 OCH3 H R. acetosa (71) 

Physcion-8-O- 
β -D-
glucopyranoside 

H CH3 OCH3 β-D-glu R. acetosa 
R. crispus 
R. patientia 
R. japonicus 

(71) 
(122) 
(96) 
(123, 129) 

Nepalenside A 

 

R. nepalensis (89, 130) 

Nepalenside B 

 

R. nepalensis (89, 130) 

Reocrisin 
 
 
 
 
 
 
 

glu  OCH3 H H R. abyssinicus 
R. acetosa 
R. alpinus 
R. bequaertii 
R. chalepensis 
R. crispus 
R. cristatus 
R. 
hymenosepalus 
R. japonicus 

(74) 
(74) 
(74) 
(74) 
(74) 
(74) 
(74) 
 
(74) 
(74) 

HO
OH

O

O
O

OH
O

HO
HO

OH

OH

HO
OH

O

O
O

OH
O

HO
HO

OH

OH
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Table 2.4. Antraquinone glycosides in Rumex species (continued). 
Compound R1 R3 R6 R8 Plant Reference 
Reocrisin 
 
 
 
 
 
 
 

glu  OCH3 H H R. maritimus 
R. nepalensis 
R. obtusifolius 
R. patientia 
R. stenophyllus 
R. tingitanus 
R. usambarensis 
R. vesicarius 

(74) 
(74) 
(74) 
(74) 
(74) 
(74) 
(74) 
(74) 
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Table 2.5. Anthrone derivatives in Rumex species. 
Compound Structure Plant Reference 

10-hydroxyaloin 
A 
 

 
 

R. gmelini (17) 

10-hydroxyaloin 
B 
 

 
 

R. gmelini (17) 

6-methoxyl-10-
hydroxyaloin A 

  

 
 

R. gmelini (108) 

6-methoxyl-10-
hydroxyaloin B 

  

 
 

R. gmelini (108) 

Barbaloin 

 
 

R. acetosa  
R. acetosella  
R. confertus  
R. crispus  
R. 
hydrolapathum
R. obtusifolius  

(71) 
(71) 
(71) 
(71) 
 
(71) 
(71) 

 
 
 
 

OOH OH

CH2OH
gluHO

OOH OH

CH2OH
HO glu

OOH OH

CH2OH
HO glu

H3CO

OOH OH

CH2OH
glu

H3CO
HO

OOH OH

CH2OH
glu H
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Table 2.5. Anthrone derivatives in Rumex species (continued). 
Compound Structure Plant Reference 
Cassialoin 

 

R. dentatus 
R. patientia 

(131) 
(89) 

Chrysophanol 
anthrone 

 

R. acetosa  
R. crispus  
R. 
hydrolapathum  

(72) 
(132) 
 
(133) 

Emodin 
anthrone 

 

R. acetosa 
R. 
hydrolapathum 

(72) 
 
(133) 

Physcion 
anthrone 

 

R. acetosa 
R. 
hydrolapathum 

(72) 
 
(133) 

Rumejaposide 
A 

 
(10R) 

R. japonicus (13, 110) 

Rumejaposide 
B 

 
(10S) 

R. japonicus (13, 110) 

 
 
 

OOH OH

CH3
glu OH

OOH OH

CH3
OOH OH

CH3HO
OOH OH

CH3H3CO
OOH OH

CH3H
glu OH

OH

O

OOH OH

CH3H
glu OH

OH

O
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Table 2.5. Anthrone derivatives in Rumex species (continued). 
Compound Structure Plant Reference 
Rumejaposide 
C 

 
(10R) 
 

R. japonicus (13, 110) 

Rumejaposide 
D 

 
(10R) 
 

R. japonicus (13, 110) 

Rumejaposide 
E 

 
 

R. japonicus 
R. dentatus 
R. patientia 

(13, 110) 
(131) 
(13, 89) 

Rumejaposide 
F 

 
 

R. dentatus 
R. patientia 

(13, 131) 
(89) 

Rumejaposide 
G 

 
 

R. dentatus 
R. patientia 

(13, 131) 
(89) 

 
 
 
 
 
 

OOH OH

CH3HO
glu OH

OH

O

OOH OH

CH2OHHO
glu OH

OOH OH

CH3HO
HO glu

OOH OH

CH3HO
glu OH

OOH OH

CH3HO
glu H
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Table 2.5. Anthrone derivatives in Rumex species (continued). 
Compound Structure Plant Reference 
Rumejaposide 
H 

 
 

R. dentatus 
R. patientia 

(13, 131) 
(89) 

Rumejaposide I 

 
(10R) 
 

R. dentatus 
R. patientia 

(13, 131) 
(89) 

 
  

OOH OH

CH3HO
H glu

OOH OH

CH3H
HO glu
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Table 2.6. Dianthrone derivatives in Rumex species. 
Compound Structure Plant Reference 

Chrysophanol 
dianthrone 

 

R. alpinus (81) 

Chrysophanol-
physcion 
heterodianthrone 

 

R. alpinus (81) 

Physcion 
dianthrone 

 

R. alpinus (81) 

 
 
 
 
 
 
 

OH OHO

H3C

OH OH

H3C

O
OH OHO

H3C

OH OH

OCH3H3C

O
OH OHO

H3C

OH OH

OCH3

OCH3H3C

O
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Table 2.6. Dianthrone derivatives in Rumex species (continued). 
Compound Structure Plant Reference 
Sennoside A 

 

R. acetosa  
R. acetosella  
R. confertus  
R. crispus 
R. 
hydrolapathum  
R. obtusifolius  

(71) 
(71) 
(71) 
(71) 
 
(71) 
(71) 

Sennoside B 

 

R. acetosa  
R. acetosella  
R. confertus  
R. crispus 
R. 
hydrolapathum  
R. obtusifolius 

(71) 
(71) 
(71) 
(71) 
 
(71) 
(71) 

OH O-gluO

O-glu OHO

HO

O
OH

O

OH O-gluO

O-glu OHO

HO

O
OH

O
H H
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2.2.2 Flavonoids 

                                              

Table 2.7. Flavone derivatives in Rumex species. 
Compound R6 R7 R8 R3' R5' Plant Reference 
Apigenin H OH H H H R. acetosella 

R. cyprius 
R. pictus 
R. scutatus  
R. simpliciflorus 
R. vesicarius 

(134) 
(84) 
(135) 
(136) 
(84) 
(84) 

Apigenin-6-C-
glucoside 

C-glu OH H H H R. nervosus 
R. induratus 

(137) 
(138) 

Apigenin-6-C-
glucoside-7-O-
glucoside 

C-glu O-glu H H H R. nervosus (137) 

Apigenin-8-C-
glucoside 

H OH C-glu H H R. nevosus 
R. vesicarius 

(137) 
(139) 

Isoorientin C-glu OH H H OH R. acetosa 
R. cyprius 
R. pictus 
R. simpliciforus 
R. vesicarius 

(140, 141) 
(84) 
(84) 
(84) 
(142-144) 

Isovitexin C-glu OH H H H R. acetosa 
R. cyprius 
R. pictus 
R. simpliciforus 
R. vesicarius 

(84, 141) 
(84) 
(84) 
(84) 
(142-144) 

Luteolin H OH H OH H R. acetosella 
R. cyprius 
R. nervosus 
R. pictus 
R. scutatus 
R. simpliciflorus 
R. vesicarius 

(134) 
(84) 
(137) 
(84) 
(136) 
(84) 
(135) 

Luteolin-6-C-
glucoside 

C-glu OH H OH H R. nervosus 
R. induratus 

(137)       
(138)                        

 

O

OOH

R6

R7

R8

R3'

OH

R5'
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Table 2.7. Flavone derivatives in Rumex species (continued). 
Compound R6 R7 R8 R3' R5' Plant Reference 
Luteolin-7-O-
glucoside 

H O-glu H H OH R. acetosella (134) 

Luteolin-8-C-
glucoside 

H OH H OH C-glu R. vesicarius 
R. induratus 

(139) 
(138) 

Orientin H OH C-glu OH H R. acetosa 
R. cyprius 
R. luminiastrum 
R. pictus 
R. simpliciforus 
R. vesicarius 

(140, 141) 
(84) 
(92) 
(84) 
(84) 
(142-144) 

Vitexin H OH C-glu H H R. acetosa 
R. cyprius 
R. pictus 
R. simpliciforus 
R. vesicarius 

(141, 145) 
(84) 
(84) 
(84) 
(142-144) 

In addition to the flavones indicated above, 6-C-glucosyl-quercetin, 8-C-

glucosyl-luteolin, C-glucosyl-luteolin, 6-C-glucosyl-apigenin from R. induratus 

(138), 2'',6''-di-O-acetyl-isoorientin, 2'',6''-di-O-acetyl-orientin, 2''-O-acetyl-orientin 

from R. acetosa (140), and 3,5-dihydroxy-6,7,3c,4c-tetramethoxyflavone from R. 

patientia (146) were also reported. 
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Table 2.8. Flavonol derivatives in Rumex species. 
Compound R3 R7 R8 R3' R5' Plant Reference 
Astragalin glu OH H H H R. confertus  

R. japonicus  
R. obtusifolius 
R. rechingerianus 

(147) 
(111) 
(148) 
(149) 

Avicularin ara OH H OH H R. acetosa 
R. alpinus 
R. hymenosepalus 
R. salicifolius  

(140) 
(150, 151) 
(150, 151) 
(150, 151) 

Hyperoside gal OH H OH H R. acetosa  
R. acetosella  
R. aquaticus  
R. arifolius  
R. confertus  
R. crispus 
R. dentatus  
R. domesticus  
R. hastatus 
R. heterophyllus 
R. hydrolapathum  
R. hymenosepalus 
R. longifolius  
R. maritimus  
R. obtusifolius  
 
R. patientia  
R. rechingerianus 
R. salicifolius  
R. scutatus  
R. thyrsiflorus   

(140, 152)  
(153)  
(154) 
(150, 151)  
(150, 151) 
(150, 151) 
(155) 
(150, 151) 
(151, 156) 
(150, 151)  
(150, 151) 
(150, 151) 
(150, 151) 
(157) 
(150, 151, 
155) 
(150, 151) 
(158) 
(150, 151) 
(150, 151) 
 (159) 

Isoquercetin glu OH H OH H R. obtusifolius 
R. rechingerianus 

(148) 
(149) 

O

R3'

OH

R5'

OR3

R8

R7

OH O
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Table 2.8. Flavonol derivatives in Rumex species (continued). 
Compound R3 R7 R8 R3' R5' Plant Reference 
Isoquercitrin glu OH H OH H R. confertus  

R. longifolius  
R. japonicus  

(147) 
(141) 
(123) 

Isorhamnetin H OH H O-
CH3 

H R. hastatus (160) 

3-O-rutinosyl-
isorhamnetin 

rut OH H O-
CH3 

H R. induratus (161) 

Kaempferol H OH H H H R. acetosa  
R. acetosella  
R. crispus  
R. maritimus  

(162, 163) 
(162, 163) 
(122) 
(157) 

Kaempferol-3-O-
α-L- 
rhamnopyranosyl
-(1→6)-β-D- 
galactopyranosid
e 

rham-
(1→6) 
gal  

OH H H H R. chalepensis  (164) 

Kaempferol-7-O-
α-L-
rhamnopyranosyl 
(1→6)-β-D- 
galactopyranosid
e 

H O-rham 
(1→6) 
gal  

H H H R. luminiastrum  (92) 

Kaempferol-3-O-
β-D-
glucopyranoside 

glu OH H H H R. aquaticus 
R. japonicus 

(120) 
(123) 

Kaempferol-3-O-
glucuronide 

glucuro-
nopyranosi
de 

OH H H H R. dentatus (84) 

Myricetin H OH H OH OH R.crispus 
R. obtusifolius 

(165) 
(165) 

Rumarin ara (1→6) 
gal 

OH H OH H R. maritimus (166) 

Rutin rham 
(1→6)-glu  

OH H OH H R. acetosa  
R. acetosella  
R. alpinus 
R. arifolius 
R. chalepensis 
R. confertus  
R. crispus  
R. dentatus  
R. domesticus  
R. gmelini  
R. hastatus 
R. heterophyllus  
R. hydrolapathum  
R. hymenosepalus  

(167) 
(150) 
(150, 151) 
(150, 151) 
(164) 
(150, 151) 
(150) 
(168) 
(150, 151) 
(127) 
(169) 
(150, 151) 
(150, 151) 
(150) 
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Table 2.8. Flavonol derivatives in Rumex species (continued). 
Compound R3 R7 R8 R3' R5' Plant Reference 

Rutin (continued) rham 
(1→6)-
glu  

OH H OH H R. japonicus  
R. longifolius  
R. obtusifolius 
R. patientia  
R. rechingerianus  
R. scutatus  
R. vesicarius 

(110) 
(150, 151) 
(148) 
(167) 
(149) 
(150, 151) 
(139) 

Sexangularetin OH OH OCH3 H H R. acetosa 
R. acetosella 

(163) 
(163) 

Quercetin H OH H OH H R. acetosa  
R. acetosella 
R. confertus  
R. cyprius 
R. dentatus  
R. dictyocarpus  
R. japonicus   
R. obtusifolius  
R. rechingerianus  
R. thyrsiflorus  
R. vesicarius  

(163) 
(163) 
(147) 
(74) 
(170, 171) 
(86) 
(123, 172) 
(155) 
(84) 
(159) 
(100) 

Quercetin-3-O-
arabinoside 

ara OH H OH H R. aquaticus 
 

(154, 173) 

Quercetin-3-O-β-D-
galactopyranoside 

gal OH H OH H R. rossicus  (99) 

Quercetin-3-O-β-
glucuronopyranoside  

glucu-
ronopy-
ranosi-
de 

OH H OH H R. aquaticus 
R. aegyptiacus  
R. conglomeratus  
R. crispus  
R. dentatus  
R. obtusifolius  
R. pulcher  

(13, 174) 
(84) 
(141) 
(141) 
(84, 168) 
(141) 
(84) 

Quercetin-3-O-β-D- 
glucopyranoside 

glu OH H OH H R. aquaticus 
R. induratus 
R. nervosus 

(120) 
 
(137) 

Quercetin-3-O-β-D- 
glucopyranosyl 
(1→4)-β-D- 
galactoside  

glu 
(1→4) 
gal  

OH H OH H R. chalepensis (164) 

Quercetin-3-O-
rutinoside 

glu-
rham 

OH H OH H R. nervosus 
R. induratus 

(137) 
(138, 161) 

Quercetin-O-
pentoside 

C5H9O4 OH H OH H R. nervosus (137) 

Quercetin-3-
acetlyrhamnoside 

acetyl-
rham 

OH H OH H R nervosus (137) 

Quercetin-3-
galactoside 

gal OH H OH H R. vesicarius (135) 
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Table 2.8. Flavonol derivatives in Rumex species (continued). 
Compound R3 R7 R8 R3' R5' Plant Reference 
Quercitrin rham OH H H OH R. acetosa  

R. alpinus 
R. aquaticus  
R. chalepensis  
R. crispus 
R. dentatus  
R. dictyocarpus  
R. domesticus  
R. japonicas 
R. heterophyllus  
R. hydrolapathum 
R. longifolius  
R. nervosus 
R. obtusifolius 
R. patientia  
R. rechingerianus  

(145, 162) 
(162) 
(120) 
(164) 
(141)  
(175) 
(86) 
(150, 151) 
(123) 
(150, 151) 
(150, 151) 
(141) 
(137) 
(141) 
(150, 151) 
(149) 

Quercimetrin H O-glu H H OH R. luminiastrum (92) 
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Table 2.9. Flavanone derivatives in Rumex species. 
Compound R4 R3' R4' Plant Reference 

Eriodictyol OH OH OH R. scutatus (136) 
Hesperetin OH OH OCH3 R. nervosus (137) 
Liquiritin H H O-glu R. nervosus (137) 
Naringenin OH 

 
H 
 

OH 
 

R. conglomeratus 
R. nervosus 

(137) 
(137) 

Exceptionally, 7-O-hexosyl-diosmetin from R. induratus (161), naringin, 

from R. nervosus (137), 5,7,3'- trihydroxy- 4'- methoxy- 8- (3''- methyl- 5''-

methylene) hexenylflavanone (vesicariaflavanone A) and 5,7,3',4'-tetrahydroxy-6-

methoxy-8- (3''-methylene)-hexenylflavanone (vesicariaflavone B) and (2a,3a-trans)-

3a(β),5a,7a,3'a,4'a-pentahydroxyflavanolyl-(8a-2')-5,7,3'-trihydroxy-4'-methoxy-8-n-

but-3"-enyl-flavanone and 5,7,3',4',5'-pentahydroxy-8-(cis-1"α,2"β-dihydroxyhept- 

4"- enyl- 7"- oicacid) - flavanoyl - (2'-8a) - 5a,7a,3'a,5'a- tetrahydroxy- 4'a -

methoxyflavanone from R. vesicarius (176, 177) and mikanin from R. patientia (146) 

were also reported as the constituents of those plants. 

 

 

 

 

O

O

OH

R4

R3'

R4'
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2.2.3 Naphthalenes 

Table 2.10. Naphthalene derivatives in Rumex species. 
Compound Plant  Reference 

 
Aloesin 

R. nepalensis (130) 

    
3-acetyl-2-methyl-1,5-dihydroxy-2,3-epoxynaphtoquinol 

R. japonicus (178) 

     
3-acetyl-2-methyl-1,4,5-trihydroxy-2,3-epoxynaphtoquinol 

R. japonicus (110) 

  
Hastatuside A 

R. hastatus (169) 

 
 

O

CH3

HO CH3

glu

O

O

O
CH3

OH

OH O O

O
CH3

OH

OH OH O

O

O-glu

HO

CH3

O
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Table 2.10. Naphthalene derivatives in Rumex species (continued). 
Compound Plant  Reference 

 
Hastatuside B 

R. hastatus (169) 

  
6-hydroxynepodin-8-O-glucoside 

R. hastatus (151, 160) 

    
Labadoside 

R. patientia  (97, 179) 

 
2-methoxystypandrone 

R. aquaticus 
R. japonicus 

(128) 
(180) 

CH3

O-Ac-gluOH O

CH3

OHO-glu

CH3

O

CH3HO

OHO-glu

CH3

O

CH3

H3C

H3C

OH O-gluO

O
H3C

OH

CH3

CH3

O

O O
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Table 2.10. Naphthalene derivatives in Rumex species (continued). 
Compound Plant  Reference 

       
Nepodin 

R. acetosa 
R. alpinus  
R. aquaticus 
R. bequaertii  
R. chalepensis  
R. crispus  
R. confertus  
R. gmelini 
R. hastatus 
R. japonicus  
R. nepalensis  
R. obtusifolius  
R. orientalis 
R. patientia  
R. ruwenzoriensis 
R. stenophyllus  

(74) 
(74, 81) 
(128) 
(74, 79) 
(74) 
(74, 181, 182) 
(121) 
(17) 
(169) 
(74, 183) 
(184)  
(74) 
(74, 185)  
(74) 
(79)  
(74) 

       
Nepodin-1-O-glucoside 

R. acetosa  
R. alpinus  
R. confertus  
R. crispus  
R. nepalensis  

(151, 186) 
(151, 186) 
(151, 186) 
(151, 186) 
(124, 151) 

        
Nepodin-8-O-glucoside 

R. aquaticus  
R. confertus 
R. gmelini 
R. japonicus 
R. nepalensis  
R. obtusifolius  
R. patientia  

(128) 
(121)  
(17)  
(187) 
(88, 184) 
(188) 
(189, 190) 

 
Orientaloside 

R. hastatus  
R. nepalensis  
R. patientia  

(169) 
(130) 
(97, 179) 

 
 
 
 

CH3

OH OH

CH3

O

CH3

OH O-glu

CH3

O

CH3

O-glu OH

CH3

O

CH3

O-glu-gluOH

CH3

O
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Table 2.10. Naphthalene derivatives in Rumex species (continued). 
Compound Plant  Reference 

 
Patientoside A 

R. patientia  (94, 191) 

   
Patientoside B 

R. patientia (94, 191) 

 
(R = 6-O-[(2E)-1-oxo-2-buten- 1-il]-β-D-glucopyranoside) 
 
Rumexneposide A 

R. nepalensis  (88) 

 
(R = 6-O-[acetyl]-β-D-glucopyranoside) 
 
Rumexneposide B 

R. nepalensis (88) 

CH3

O-glu OH

CH3

O

Cl

Cl

O-glu OH

CH3

Cl

CH3

OR OH

CH3

O

CH3

OR OH O

CH3H3CO
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Table 2.10. Naphthalene derivatives in Rumex species (continued). 
Compound Plant  Reference 

 
Rumexoside 

R. hastatus  
R. nepalensis 
R. patientia  

(169) 
(130) 
(97, 179) 

 
Torachrysone 

R. alpinus  
R. japonicus  
R. nepalensis  

(81) 
(180) 
(130) 

 
Torachrysone-8-O-glucoside 

R. confertus  
R. hastatus  
R. nepalensis 
R. patientia  

(121) 
(169) 
(88) 
(189, 190) 

In additon the compounds indicated above, 2-acetyl-1,8-dihydroxy-3-methyl-

6-methoxynaphthalene from R. japonicus (110), 6-methyl-7-acetyl-1,8-dihydroxy-3-

methoxy naphthalene-1-O-β-D(L)-glucoside and 6-methyl-7-acetyl-1,8-dihydroxy 

naphthalene-1-O-β-D(L)-glucoside from R. dentatus (85) and 2-acetyl-3-methyl-6-

carboxy-1,8-dihydroxynaphthalene-8-O-β-D-glucopyranoside, 4,4"-binaphthalene-

8,8"-O,O-di-β-D-glucopyranoside and 2-acetyl-3-methyl-1,8-dihydroxynaphthalene-

8-O-β-D-glucopyranosyl (1→3)-β-D-glucopyranoside from R. patientia (190) were 

isolated. 

  

CH3

O-glu OH

CH3

O

HO

O

O
H3C

OH OH

CH3

CH3

O

O
H3C

O-glu OH

CH3

CH3

O
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2.2.4 Tannins 

Table 2.11. Monomer tannins in Rumex species (flavan-3-ol-derivatives). 
Compound Plant Reference 

 
Catechin 

R. acetosa  
R. aquaticus  
R. crispus 
R. dentatus 
R. japonicus  
R. nervosus 
R. patientia  
R. 
rechingerianus  
R. scutatus 
R. vesicarius 

(192, 193) 
(128) 
(122) 
(194) 
(111) 
(195) 
(94, 95) 
(158) 
(136) 
(139) 

 
6-chlorocatechin 

R. patientia (97) 

 
Epicatechin 

R. acetosa 
 
R. dentatus 
R. 
hymenosepalus 
R. japonicus  
R. scutatus 
R. vesicarius 

(192, 193, 
196) 
(194) 
 
(90) 
(197) 
(136, 137)  
(139) 

 

O

OH

OH

HO

OH

OH

O

OH

OH

HO

OH

OHCl

O

OH

OH

HO

OH

OH
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Table 2.11. Monomer tannins in Rumex species (flavan-3-ol-derivatives) 
(continued). 
Compound Plant Reference 

 
Epicatechin 

R. acetosa 
R. dentatus 
R. hymenosepalus 
R. japonicus  
R. scutatus 
R. vesicarius 

(192, 193, 
196) 
(194) 
(90) 
(197) 
(136, 137)  
(139) 

  

 
Epicatechin gallate 

R. acetosa  
R. nervosus 
R. vesicarius 

(192, 196)  
(137) 
(139) 

   
Epigallocatechin 

R. acetosa  
R. acetosella 
R. alpinus 
R. confertus  
 

(196) 
(198) 
(198) 
(198) 
 

O

OH

OH

HO

OH

OH

O

OH

OH

HO

OH

O

O

OH

OH

OH

O

OH

OH

HO

OH

OH

OH
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Table 2.11. Monomer tannins in Rumex species (flavan-3-ol-derivatives) 
(continued). 
Compound Plant Reference 

 
Epigallocatechin gallate  

R. acetosa  
R. alpinus 
R. confertus 
R. vesicarius 

(196) 
(198) 
(198) 
(139) 

 
Gallocatechin 

R. acetosa (196) 

  
Gallocatechin gallate 

R. acetosa 
R. alpinus  
R. confertus  

(198) 
(198) 
(198) 

O

OH

OH

HO

OH

O

O

OH

OH

OH

OH

O

OH

OH

HO

OH

OH

OH

O

OH

OH

HO

OH

O

O

OH

OH

OH

OH
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In addition to the monomer tannins indicated above, A- and B-type 

procyanidins and propelargonidins (15 dimers, 7 trimers, 2 tetramers) from R. 

acetosa (192), 6-C-glucosyl-catechin from R. vesicarius (139), and pyrocatechin 

from R. japonicus (197) were isolated. Furthermore, various Rumex species such as 

R. thyrsiflorus, R. pamiricus, R. pseudonatronatus, R. aquaticus, R. marschallianus, 

R. rossicus, R. maritimus (99), R. acetosa (74, 192, 199), R. lunaria (200), R. 

patientia (74, 97), R. alpinus, R. confertus, R. conglomeratus, R. hastatus, R. 

hydrolapathum, R. maderensis, R. nervosus, R. odontocarpus, R. palustris, R. pictus, 

R. pulcher, R. sanguineus, R. tianschanicus, (74), R. nepalensis (201), R. vesicarius 

(74, 202), R. hymenosepalus (203, 204), R. obtusifolius (205), R. crispus (74, 206), 

R. acetosella (207, 208), R. alpinus, R. angustifolius, R. tmoleus, R. gracilescens 

(208), R. chalepensis (209) were shown to have tannins in their phytochemical 

compositions in previous researches. 
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2.2.5 Simple Phenols and Phenolic Acids 

Table 2.12. Simple phenols and phenolic acids in Rumex species. 
Compound Plant Reference 

 
Caffeic acid 

R. thyrsiflorus  (99) 

                 
Floroglucinol 

R. thyrsiflorus  (99) 

                
Gallic acid 

R. thyrsiflorus  
R. dentatus 

(99) 
(170) 

                   
Hydroquinone 

R. thyrsiflorus  (99) 

        
Isovanillic acid 

R. dentatus  (170) 

 
 
 
 

HO

HO
OH

O

HO

OH

OH

HO

HO
OH

O

OH

HO

OH

O

OH
HO

H3C

O
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Table 2.12. Simple phenols and phenolic acids in Rumex species (continued). 
Compound Plant Reference 

              
Orcinol 

R. patientia  (94) 

             
p-hydroxybenzoic acid 

R. japonicus 
R. thyrsiflorus  

(197) 
(99) 

     
p-hydroxysinnamic acid 

R. dentatus  (170) 

                           
Pyrogallol 

R. japonicus 
R. thyrsiflorus  

(197) 
(99) 

    
Syringic acid 

R. japonicus 
R. marschallianus  

(197) 
(99) 

CH3HO

OH

HO

OH

O

HO

OH

O

OH

OH

OH

O

HO

O

OH

O

H3C

H3C
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2.2.6 Anthocyanidin and Leucoanthocyanidins 

Table 2.13. Anthocyanidin and leucoanthocyanidin derivatives in Rumex species. 
Compound Plant Reference 

Leucoanthocyanidol 

R. confertus  
R. crispus  
R. hastatus  
R. hymenosepalus  

(210) 
(211) 
(156) 
(204) 

Leucodelphinidol 

R. confertus (210) 
 

Leucopelargonidol 

R. confertus (210) 

 
 
 
 
 
 
 
 
 

O

OH OH

HO

OH

OH

OH

O

OH OH

HO

OH

OH

OH

OH

O

OH OH

HO

OH
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Table 2.13. Anthocyanidin and leucoanthocyanidin derivatives in Rumex species 
(continued). 
Compound Plant Reference 

Cyanidol-3-glucoside 

R. acetosa  
R. acetosella  
R. arifolius 
R. crispus  
R. obtusifolius  
R. thyrsiflorus  

(212) 
(212) 
(212) 
(212) 
(212) 
(159) O+

OH

HO

OH

O-glu

OH
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2.2.7 Coumarins 

     

Table 2.14. Coumarin derivatives in Rumex species. 
Substance R4 R5 R7 Plant Reference 

5,7-dhydroxycoumarin H OH OH  R. conglomeratus (213) 
7-hydroxy-5-methyl-
coumarin-4-O-β-D-
glucopyranoside 

O-glu CH3 OH R. hastatus (169) 

In addition to the coumarins indicated above, the presence of coumarin 

derivatives in Rumex acetosella were also reported in previous studies (207, 208).  

2.2.8 Saponins 

Various Rumex species like R. alpinus (208), R. angustifolius (208), R. 

chalepensis (214), R. conglomeratus (208), R. crispus (208), R. gracilescens (208), 

R. hastatus (215), R. nervosus (216, 217), R. patientia (208), R. sanguineus (208) 

and R. vesicarius (214), R. sagittatus (218) were reported to have saponins in their 

phytochemical composition.  

  

O O

R5 R4

R7
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2.2.9 Stilbene Derivatives 

 

Table 2.15.  Stilbene derivatives in Rumex species. 
Compound R3 R5 R3' R4' Plant Reference 
5-[(E)-2-(4-
hydroxyphenyl)ethenyl]-
1,3-benzenediol  

OH OH H OH R. hymenosepalus (90) 

4-[(E)-2-(3,5-
dihydroxyphenyl)ethenyl]-
1,2-benzenediol 

OH OH OH OH R. hymenosepalus (90) 

4-[(E)-2-(3,5-
dihydroxyphenyl)ethenyl]-
phenylhexopyranoside 

OH OH H O-glu R. hymenosepalus (90) 

4-[(E)-2-(3,5-
dihydroxyphenyl)ethenyl]-
2-
hydroxyphenylhexopyrano-
side 

OH OH OH O-glu R. hymenosepalus (90) 

3,5-dihydroxy-4'-
methoxystilbene 

OH OH H OCH3 R. bucephalophorus  (219) 

5,4'-dihydroxy-3-
methoxystilbene 

OCH3 OH H OH R. bucephalophorus  (219) 

Piceid O-glu OH H OH R. aquaticus 
R. bucephalophorus  
R. gmelini  

(128) 
(220) 
(127) 

Rhapontin O-glu OH OH OCH3 R. crispus  
R. gmelini  
R. japonicus  
R. nepalensis 
R. patientia  
R. obtusifolius  

(221) 
(221) 
(221) 
(221) 
(221) 
(221) 

Resveratrol OH OH H OH R. aquaticus 
R. bucephalophorus 
R. gmelini 
R. hastatus 

(128) 
(219, 220) 
(74) 
(169) 

Rumexoid O-α-ara OH H OH R. bucephalophorus (220) 

R3

R5

R3'

R4'
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2.2.10 Sterol Derivatives 

Table 2.16. Sterol derivatives in Rumex species. 
Compound Plant Reference 

 
β-sitosterol 

R. crispus 
R. dentatus 
R. hastatus 
R. hymenosepalus 
R. maritimus 
R. orientalis 
R. japonicus 
R. maritimus 
R. nepalensis 
R. patientia 
R. paulsenianus 
R. pictus 
R. vesicarius 
R. thyrsiflorus  

(122) 
(170, 171) 
(156) 
(74) 
(222) 
(74, 185) 
(74) 
(74) 
(74) 
(74) 
(74, 223) 
(224) 
(224) 
(225) 

 
Campesterol 

R. paulsenianus  
R. pictus 
R. vesicarius 

(223) 
(224) 
(224) 

 
Daucosterol 

R. dentatus 
R. patientia 

(170) 
(146) 

 
 

H

HO

CH3

CH3

H

H

CH3

H3C

CH3
CH3

H

HO

CH3

CH3

H

H

CH3

H

CH3
H3C

CH3

H

glu-O

CH3

CH3

H

H

CH3

H

CH3
H3C

CH3
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Table 2.16. Sterol derivatives in Rumex species (continued). 
Compound Plant Reference 

 
(22E,24R)-ergosta-7,22-dien-3β,5α,6β -triol 

R. patientia (146) 

 
6-hydroxystigmasta-4,22-dien-3-on 

R. patientia (146) 

 
7-hydroxysterol 

R. patientia (146) 

 
Stigmasterol 

R. paulsenianus 
R. pictus 
R. vesicarius 

(223) 
(224) 
(177, 224) 

 

H

HO

CH3

CH3

CH3

H

OH
OH

H CH3
H3C

CH3

H

O

CH3

CH3

CH3

H

OH

CH3
H3C

CH3

H

H

H

CH3

CH3

CH3

H

CH3
H3C

CH3

H

H

OHHO

H

CH3

CH3
H

HO

H

H

CH3

CH3

H3C

CH3
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Table 2.16. Sterol derivatives in Rumex species (continued). 
Compound Plant Reference 

 
Stigmast-4-en-3β,6β-diol 

R. patientia (146) 

 
Stigmast-4-en-6α-ol-3-one 

R. patientia (146) 

In addition to the sterol derivatives indicated above, a steroidal diglucoside 

stigmasta-5-en-3-ol-3-O-β-D-glucopyranosido-(4→1")-O-β-D-glucopyranoside, α- 

and β-amyrin from R. vesicarius (177, 224), β-sitosterol-β-D-glucoside from R. 

maritimus (74) and α- and β-amyrin and taraxasterol from R. pictus (224) were 

isolated. 

  

H

CH3

CH3
H

HO

H

H

CH3

CH3

H3C

CH3

OH

H

CH3

CH3
H

O

H

H

CH3

CH3

H3C

CH3

OH
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2.2.11 Fixed and Essential oils 

Lipids from Rumex acetosa (74, 226), the fatty acid glycerides and essential 

oil compositions from R. vesicarius (177, 227, 228), essential oil from R. japonicus 

(229), essential oil from R. hastatus (230),  fatty acid and essential oil compositions 

from R. dentatus (227), lipids from R. confertus (231), fatty acids from R. 

pseudonatronatus (232),  fats and oils from R. nervosus (217), essential oils from R. 

crispus and R. cristatus (233), lipids from R. pauselnianus (223), and essential oil 

from R. chalepensis (234) were reported in previous studies. 

2.2.12 Alkaloids 

The presence of alkaloids in Rumex nervosus (217), R. vesicarius (235), R. 

dentatus (236), R. sagittatus (218), R. obtusifolius (237) and R. pictus (238), were 

reported in previous  studies. 

2.2.13 Other Substances 

Rumex thyrsiflorus, R. pamiricus, R. pseudonatronatus, R. aquaticus, R. 

marschallianus, R. rossicus, R. maritimus were shown to include aminoacids 

(phenylalanine, proline, alanine, threonine, tryptophan, glutamine, arginine, serine, 

glutamic acid, histidine, lysine) (99) and essential aminoacids (226). 

R. thyrsiflorus was reported to have carbonhydrates as glucose, galactose, 

rhamnose, fructose, saccharose (99). 

2α,3α,19α-trihydroxy-24-norurs-4(23),12-dien-28-oic acid, myrianthic acid, 

tormentic acid and 4(R),23-epoxy-2α,3α,19α-trihydroxy-24-norurs-12-en-28-oic 

acid, as ursane-type triterpenoids with and ethyl gallate as a phenolic compound 

were reported in R. japonicus (239). 

Oxalic acid from R. acetosa (67, 240, 241), R. induratus (138), R. crispus 

(242), R. acetosella (67, 241), R. obtusifolius (243), were reported. Shikimic, malic, 

ascorbic and citric acids in R. induratus (161), malic and citric acids in R. papillaris 

and R. pulcher (244), high concentration of malic acid and other organic acids in R. 

obtusifolius (243) were identified. 
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Chlorophyl, β-carotene, lycopene in R. vesicarius (202), anhydrolutein I (all-

E,3R,6'R)-3',4'-didehydro-beta,gamma-caroten-3-ol) and anhydrolutein II (all-E, 

3R,6'S)-2',3'-didehydro-beta,epsilon-caroten-3-ol) in R. rugosus (245), orcinol in R. 

patientia (190), 2-acetylorcinol and its monoglucoside in R. alpinus (81), caffeic 

acid, 1-methylcaffeic acid, rumexin and 1-O-caffeoyl-β-D-glucopyranoside in R. 

aquaticus (120), vanillic acid, 2,6-dihydroxybenzoic acid, 4-hydroxybenzoic acid 

and 2,6-dimethoxy-4-hydroxybenzoic acid in R. japonicus (110), vanillic acid and 

sinapic acid in R. acetosa (246), 6-O-malonyl-β-methyl-D-glucopyranoside and 

ascorbalamic acid in R. obtusifolius (247), caffeoyl-hexoside, sinapoyl-hexoside, p-

coumaroyl-hexoside isomers, feruloyl-hexoside in R. induratus (138), ascorbic acid 

in R. maderensis (172) and R. papillaris and R. pulcher (244), vitamins C with 

calcium mineral and β-carotene in R. dentatus (248), lyoniresinol 3α-O-β-D-

glucopyranoside as a lignan derivative with orcinol-glucoside in R. nepalensis (130), 

ascorbic acid, tocopherol, mineral, protein, lipid, organic acid in R. vesicarius and R. 

acetosella (249-251), iron, sodium, calcium, potassium, magnesium in R. acetosa 

(226, 252), fatty acids with 22 and 24 carbon-chain lengths in R. obtusifolius (253), 

fatty acids having high polyunsaturated/saturated ratio in R. pulcher (254), lectins in 

R. crispus (255), polysaccharides in R. acetosa (256), phytoestrogens (257) and 

cytokines (258, 259) in R. acetosella were detected.  
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2.3 Utilisation of Rumex Species 

2.3.1 Rumex Species as Foods 

Various ethnobotanical and ethnopharmacological researches associated with 

Rumex genus reported that R. acetosa (260-262), R. acetosella (260-263), R. 

confertus (261), R. conglomeratus (264) , R. crispus (263), R. patientia (263), R. 

obtusifolius (263), R. scutatus (264), R. thyrsiflorus (262), R. tuberosus (264), R. 

vesicarius (265) are consumed as green vegetables as well as, R. acetosa (266) as 

herbal tea and R. hymenosepalus’s roots as chewing gum (65) by local people. 

The seeds of R. hymenosepalus (65) and R. crispus (267) crushes into flour to 

make pancakes. 

Exceptionally, few species like R. abyssinicus and R. hymenosepalus 

may be used as colouring agents for foods (65, 268). 

2.3.2 Rumex Species in Traditional Medicine 

The leaves of Rumex nepalensis and R. obtusifolius are used to cover affected 

skin following injury (113, 269).  

In Hungary and Romania, R. acetosa, R. acetosella, R. confertus, R. 

obtusifolius, R. crispus, and R. alpinus are applied for the treatment of constipation, 

diarrhoea, swellings, kidney disorders, sores, ringworm, rashes and wounds and as an 

astringent (12, 13, 270).  

In Britain and Ireland, R. conglomeratus, R. hydrolapathum and R. palustris 

are used in scurvy, rashes and sunburn to bath and cancer cure. Furthermore the 

seeds of R. obtusifolius are applied to treat bronchitis, coughs and colds (66). R. 

obtusifolius is used as tonic, astringent, laxative and to treat sores and cancer in 

Ireland (271). 

In Austria R. alpinus is used against viral infections (272), whereas R. 

nervosus as an ophthalmic antiseptic and a hypoglycaemic agent (43). 

In Turkey, R. scutatus were reported to be used against fewer, R. tuberosus 

against hypertension, diuresis and constipation, as well as R. tuberosus for wound 

treatment, R. acetosella as analgesic and diuretic (11, 273-275) and R. crispus 

against constipation (116). 
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In Africa, R. abyssinicus, R. usambarensis and R. bequaertii are used for the 

treatment of stomach disorder, whereas R. abyssinicus is used to control diabetes, 

additionally as a diuretic, analgesic, antihypertensive agent (42, 268). In Ethiopia, R. 

steudelii is used as an antifertility agent as well as for healing several disorders 

(276). R. nepalensis is recorded to be used against stomach ache in Ethiopia (13) and 

R. vesicarius for the treatment of several diseases in Egypt (139). 

In China, some Rumex species are used as herbal drugs, such as R. dentatus 

an as antibacterial and antifungal agent (85), R. hastatus against cough and fever 

(169), R. dentatus for the treatment of skin disorders, diarrhoea and constipation 

(131), R. nepalensis as purgative and for the treatment of colic and ulcers (113), R. 

japonicus against constipation and jaundice (178), R. aquaticus against infections, 

constipation and fever (277), R. acetosa as purgative and for the healing of cutaneous 

diseases (80), R. maritimus against burns and as tonic and aphrodisiac (278), R. 

crispus against skin problems and as tonic, astringent and cholagogue (267, 279), R. 

dentatus and R. hastatus against several diseases (280). 

In American traditional medicine several Rumex species have been used for 

the treatment of different tumors types (16). Moreover, Rumex species were listed 

with their diverse effects in the Native American Ethnobotany (8). 

R. acetosella has diverse traditional usage worldwide. Leaves of R. acetosella 

are eaten as vegetables (6-8), raw (8-10) or boiled (8, 10). They are freshly 

consumed by children (8, 281) as food, as well. The leaves of R. acetosella are used 

as analgesic and diuretic in Turkey (11). Plaster of steamed leaves are used for the 

treatment of warts and bruises in North America (Indians) and Romania (8, 12). 

Chewed fresh leaves are used as stomach aid in North America (Indians) (8), and 

aerial parts and seeds of the plant are used against diarrhoea in Hungary (13, 14). 

Aerial parts of the plant are also used against jaundice and fever as decoction in Iran 

(15). In American traditional folk medicine R. acetosella is reported to be applied for 

the treatment of different kinds of tumors (16). Furthermore, it is reported to have a 

long tradition in folk medicine for the treatment of different types of cancer (13, 17, 

18), e.g. as component of Essiac tea (19) in different regions in the world. Leaves are 

published to be utilized in diabetes as raw or decoction in Turkey (44-47).  

Traditional usages of Rumex species from different countries and regions are 
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summarized in Table 2.17. (13). 

Table 2.17. Traditional usages of Rumex species from different countries and 
regions. 
Plant Plant parts Traditional uses  Region  Reference 
R. abyssinicus  Root 

 
No data 

Stomach disorders  
 
Mild diabetes, 
analgesic, 
antihypertensive, 
diuretic, cancer  

East Africa  
 
Ethiopia, Cameroon  

(42) 
 
(268, 282) 

R. acetosa No data 
 
 
 
Root 
 
 
 
 
 
Leaf 
 
 
 
Leaf 
 
Leaf 

Mild purgative, 
jaundice, warts, 
cutaneous diseases, 
sore throat 
Kidney disease, 
tenesmus, 
gonorrhoea 
dysentery, fever, 
skin itch, ulcer, 
scabies 
Lack of appetite, 
fever, diarrhoea, 
worm, “blood 
cleanser”  
Abscesses  
 
Bruises wounds, 
diarrhoea, warts, 

Britain, Ireland and 
Korea 
 
 
Britain and Ireland  
 
 
 
 
 
Hungary and 
Romania  
 
 
South Africa  
 
North America 

(66, 80) 
 
 
 
(66, 283) 
 
 
 
 
 
(12, 270) 
 
 
 
(64) 
 
(8, 66) 

R. acetosella Leaf  
Leaf 
Leaf 
 
Leaf 
Aerial part, 
seed 
Aerial part 
Seed 
 
Whole plant 

Antidiabetic 
Analgesic, diuretic 
Warts, bruises  
 
Stomach aid  
Diarrhoea  
 
Jaundice, fever  
Diarrhoea, 
dysentery 
Cancer  

Turkey 
Turkey 
North America and 
Romania 
North America 
Hungary 
 
Iran 
Hungary 
 
America, Canada 

(44) 
(11) 
(8, 12) 
 
(8) 
(13, 14) 
 
(15) 
(13) 
 
(13, 17, 18)  

R. alpinus Root 
No data 
No data 

Constipation  
Stomach problems  
Eczema, 
constipation, 
diarrhoea 

Hungary  
Bulgaria and Ukraine  
Turkey  

(13) 
(284) 
(284) 

R. aquaticus No data Infections, 
diarrhoea, oedema, 
jaundice, 
constipation, fever  

Far East (285) 
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Table 2.17. Traditional usages of Rumex species from different countries and regions 
(continued). 
Plant Plant parts Traditional uses  Region  Reference 
R. bequaertii 
(syn. Rumex 
nepalensis 
Spreng.)  

Root Stomach disorder, 
cancer 

East Africa and 
Cameroon  

(42, 282) 

R. chinensis (R. 
trisetifer Stokes)  

Root, leaf Acne, scalp scabies, 
constipation, 
vulvitis, contusion, 
eczema, prurigo, 
inflammation, scalp 
scabies,  

Vietnam (286) 

R. confertus Seed Diarrhoea  Hungary (13) 
R. crispus Root 

 
 
 
 
 
 
 
 
 
Root 
No data 
 
No data 
Leaf 
 
 
 
 
 
 
Seed 
No data 

Laxative, icterus,  
“blood cleanser”, 
skin diseases, 
swellings, 
gastrointestinal 
tract ailments, 
bruises, rashes, 
burns, gonorrhea,  
venereal diseases, 
sores 
Swellings, sores  
Astringent, anthrax, 
purgative 
Dysentery  
Eye infections, 
vermicide, 
antipyretic, 
expectorant, 
constipation, 
dizziness, 
antitussive  
Diarrhoea, wounds  
Skin diseases, 
constipation, 
rheumatism, tonic, 
cough 

Turkey, Britain, 
Ireland, Hungary and 
Indian tribes 
 
 
 
 
 
 
 
North America 
South Africa 
 
North America 
Taiwan 
 
 
 
 
 
 
Romania 
Pakistan 

(8, 13, 66, 116, 
287, 288) 
 
 
 
 
 
 
 
 
(8) 
(13, 64) 
 
(8) 
(13) 
 
 
 
 
 
 
(13) 
(279) 

R. dentatus Root Eczema, 
constipation, 
bacterial and fungal 
infections, 
diarrhoea  

China (85, 131) 
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Table 2.17. Traditional usages of Rumex species from different countries and regions 
(continued). 
Plant Plant parts Traditional uses  Region  Reference 
R. ecklonianus  No data 

 
Root 

Astringent 
 
Sterility, purgative, 
washing wounds 
and bruises 

India 
 
Southern Africa 

(248) 
 
(13, 64) 

R. hastatus Root, whole 
plant 
 
 
 
 
No data 

Laxative, skin 
diseases, tonic 
agent, diuretic, 
bleeding of the 
lungs, against rheu- 
matism, piles, 
AIDS, cough, 
headache, fever 
Astringent  

China 
 
 
 
 
 
India 

(169, 289)  
 
 
 
 
 
(248) 

R. hydrolapathum  Root Scurvy, “blood 
purifier”, astringent 

Britain and Ireland (66) 

R. hymenosepalus  Leaf 
 
 
Root 

Fever, cold, 
gastrointestinal 
disturbances sore 
Astringent, “purify 
the blood”, wounds, 
skin irritation, 
cough, diarrhoea 

- (8, 90) 
 
 
(8, 13, 90) 

R. japonicus No data Uterine 
haemorrhage,  
constipation, 
jaundice, 
haematemesis  

China (178) 

R. madarensis  No data Diuretic, 
dermatosis, “blood 
depurative” 

- (172) 

R. maritimus Leaf  
No data 
Seed 
 
 
 
Root 

Burns 
Purgative 
Tonic, aphrodisiac , 
analgetic for the 
back and the 
lumbar region 
Purgative 
 

- 
India 
India 
 
 
 
India 

(278) 
(248) 
(248, 278) 
 
 
 
(248) 
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Table 2.17. Traditional usages of Rumex species from different countries and regions 
(continued). 
Plant Plant parts Traditional uses  Region  Reference 
R. nepalensis Root 

 
 
Root 
Leaf 
 
 
Leaf 

Dysentery, Stomach 
ache, haemostasis, 
tinea, purgative  
Purgative 
Syphilic ulcers, 
colic, skin 
disorders  
Bilharziasis  

Ethiopia, China 
 
 
South Africa, India  
North India, India, 
Afghanistan 
 
South Africa 

(130) 
 
 
(13, 248) 
(113, 248, 290) 
 
 
(13) 

R. nervosus  No data Wounds, acne, 
typhus, diabetes, 
ophthalmic 
antiseptic, eczema, 
rabies  

- (43) 

R. obtusifolius Aerial parts 
No data 
 
 
 
 
Root 
 
 
 
Seed 

Constipation 
Tonic, astringent, 
laxative, burns, 
antidote to nettle, 
blisters, sores, 
cancer, tumour  
Jaundice, skin 
eruption, blood 
purifier, 
contraceptive  
Cough, colds, 
bronchitis  

Hungary 
Ireland 
 
 
 
 
Britain, Ireland and 
North America 
 
 
Britain and Ireland 

(13) 
(271) 
 
 
 
 
(8, 66) 
 
 
 
(66) 

R. patientia Root 
 
 
Root 
Leaf 
Leaf 
Leaf 
 
 
 
 
Shoot 

Constipation, 
dysentery  
 
Skin problems  
Wounds  
Anaemia  
Backache, 
rheumatism, fever, 
respiratory 
disorders, throat 
sores, skin diseases 
Backache, 
rheumatism, skin 
diseases, fever 

Hungary, North 
India, North America 
and Afghanistan  
North America 
Hungary 
Serbia 
North India, North 
America and 
Afghanistan 
 
 
Afghanistan, North 
India  

(8, 290) 
 
 
(8) 
(8) 
(291) 
(8, 290) 
 
 
 
 
(290) 

R. scutatus No data 
Plant, leaf 

Antipyretic  
Antiscorbutic, 
refrigerant, 
astringent  

Turkey 
India 

(11) 
(248) 

R. stenophyllus  Seed Cough  Romania (13) 
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Table 2.17. Traditional usages of Rumex species from different countries and regions 
(continued). 
Plant Plant parts Traditional uses  Region  Reference 
R. steudelii  Root Haemorrhoids, 

antifertility, rectal 
prolapse, eczema, 
wounds, swelling, 
leprosy, tinea nigra, 
abdominal colic 

Ethiopia  (276) 

R. tuberosus Leaf Constipation, 
antihypertensive, 
wound healing 

Turkey (273, 274) 

R. usambarensis  Root  Stomach disorders East Africa (13) 
R. verticillatus  No data Jaundice North America  (292) 
R. vesicarius  No data 

 
 
 
 
 
 
 
 
 
No data 
 
 
Seed 

Tonic, analgesic, 
constipation, 
hepatic diseases, 
bronchitis, 
dyspespsia, poor 
digestion, spleen 
disorders, 
flatulence, asthma, 
vomiting, 
alcoholism, piles 
Antidote to 
scorpion stings  
 
Dysentery 

Egypt, India  
 
 
 
 
 
 
 
 
 
Suudi Arabia 
 
 
India 

(139) 
 
 
 
 
 
 
 
 
 
(142) 
 
 
(248) 

R. woodii  No data Diarrhoea  South Africa (64) 
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2.4 Biological Activity Studies on Rumex Species 

2.4.1 Cytotoxic, Antitumor and Anticancer Activities 

The cytotoxicities of ethanol extracts of the roots, leaves and fruits of few 

Rumex species were examined against 1301 and EOL-1 as two human leukemic cell 

lines and the normal H9 as a derivative of T lymphoblastic cells. Roots of R. 

confertus, leaves of R. obtusifolius and fruits of R. hydrolapathum displayed the best 

cytotoxicity in their counterparts, which were [0.22mg/mL (1301) and 0.23 mg/mL 

(EOL-1)], [0.47 mg/mL (1301) and 0.44 mg/mL (EOL-1)] and [0.42mg/mL (1301) 

and 0.17 mg/mL (EOL-1)], respectively (38).  

The absolute methanol and 80% methanol extracts of roots of R. crispus was 

shown to led to apoptosis on HT-29 cells in dose dependent manner and inhibited 

cell growth 40.1% ± 0.87 and 10.2% ± 1.03, respectively at 400 µg/mL (287). 

27 species in Polygonaceae family growing in the Carpathian Basin were 

searched against human tumor cells in a previous study. The chloroform and n-

hexane extracts of R. acetosa were shown to inhibit HeLa cells at 10 and 30 µg/mL 

as 77.7% and 97.0%, respectively. The chloroform and n-hexane extracts of R. 

aquaticus and R. scutatus were exhibited to inhibit cell growth of HeLa cells as 

60.9% and 51.2%, respectively and of MCF7 cells as 69.3% and 56.2%, respectively 

at 30 µg/mL. Furthermore, R. thyrsiflorus was presented to induce growth inhibition 

on A431 cells as 96.2% and on MCF7 cells as 88.55% at 30 µg/mL (293).  

Another study associated with the evaluation of cytotoxic activities of 

Cameroonian plants used in folk medicine revealed that R. abyssinicus and R. 

bequaertii exerted moderate cytotoxicity on melanoma WM35 (4.615 µg/mL and 

22.29 µg/mL, respectively), ovary carcinoma A2780 (12.55 µg/mL and 14.44 µg/mL, 

respectively), cisplatin- resistant ovary carcinoma A2780cis (8.014 µg/mL and 29.31 

µg/mL, respectively) and epidermal carcinoma A431 cells (6.715 µg/mL and 3.615 

µg/mL, respectively) (282). 

The alcoholic extract of R. hymenosepalus’ roots were reported to exert 

antitumour activity in Walker 256 and sarcoma 180 test models in mice (203, 204).  

R. acetosa polysaccharide (RA-P) was tested on female mice implanted with 

sarcoma 180 solid tumor to evaluate its antitumor activity, which revealed RA-P to 
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exert 88.1% inhibition at 100 mg/kg on the tumor via the complement system’s 

activation, hepatic drug-metabolising enzymes’ inhibition and the reticuloendothelial 

system’s stimulation (256).  

Kucekova et al. conceived the methanol extract of R. acetosa flowers to 

inhibit cell proliferation in a dose dependent manner on HaCaT human non-

tumourigenic keratinocyte cells by MTT assay (246). 

Lee et al. investigated the cytotoxicity of dicholoromethane extract of the 

aerial parts of R. acetosa with four anthraquinones yielded from the bioactivity 

guided fractionation of the extract. They tested cytotoxicity of those compounds and 

two synthetic derivatives against A549 (non-small cell lung), XF498 (central nervous 

system), SK-MEL-2 (melanoma), SK-OV-3 (ovary) and HCY15 (colon) human 

tumor cell lines. Emodin exerted a strong cytotoxicity with IC50 values of 3.32 

µg/mL, 2.94 µg/mL, 3.64 µg/mL, 2.98 µg/mL and 3.10 µg/mL for A549, SK-OV-3, 

SK-MEL-2, XF498 and HCT15, respectively. The antimutagenic effect was also 

evaluated with SOS chromotest and Ames test on Salmonella typhimurium strains. 

Emodin further exerted the highest activity indicating its antigenotoxic effect (80). 

Demirezer et al. searched the cytotoxicity of the compounds isolated from R. 

patientia towards HM02 (human melanoma), MCF (human breast carcinoma) and 

HEPG2 (human epidermoid carcinoma) cell lines. The compounds were 

anthraquinone derivatives, flavan derivatives and orcinol. None was shown to inhibit 

the growth of the cells (97). In a former study, Demirezer and Kuruuzum 

investigated the cytotoxicity of several Rumex species with brine shrimp assay and 

observed methanolic extract of R. scutatus as getting the best cytotoxicity. A further 

fractionation process yielded an containing emodin, chrysophanol, physcion and aloe 

emodin, which were shown to be active agents with the LC50 values of 0.01, 0.05, 

0.15 µg/mL, respectively (76). 

Zhang et al. investigated the cytotoxicities of chrysophanol with two 

naphthalene derivatives isolated from R. dentatus towards MCF-7 (breast cancer), 

A375 (melanoma), 7901 (gastric cancer) and SKOV-3 (oophoroma) cell lines. The 

study indicated that chrysophanol revealed a better antiproliferation activity than 

those of the other two naphthalene compounds (85). 
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Harshaw et al. researched the cytotoxicity of R. obtusifolius extract by brine 

shrimps lethality assay. Dichloromethane (1 mg/mL) and methanol (>1 mg/mL) 

extracts of the plant exhibited low cytotoxicity by comparison with podophyllotoxin 

as positive control (LD50=2.80 10-3 mg/mL) (271). 

R. acetosella containing Essiac tea used in homeopathic treatment of cancer 

was shown to inhibit the growth of cancerous prostate cells (LNCaP), Jurkat 

leukemia cells, MCF7 and MDA-MB-468 breast cancer cells in previous studies 

(294, 295). 

Liang et al. conducted a research to detect cytotoxicity of several compounds 

isolated from R. nepalensis and R. hastatus towards five cell lines by MTT method, 

which were A549, H522 (lung cancer), MCF-7, MCF-10A and SKBR3 (breast 

cancer). Generally, the compounds didn’t exhibit any cytotoxicity towards those cells 

except rumexneposide A, which presented extensive activity against lung and breast 

cancer cells. Furthermore, MCF-10A was shown to be sensitive to rumexneposide A, 

resveratrol, chrysophanol-8-O-β-D-(6′-O-acetyl)glucopyranoside and orientaloside 

(88). 

Ahmad et al. researched the cytotoxicity of several solvent fractions of R. 

hastatus towards HeLa and NIH/3T3 cell lines. Chloroform fraction was observed as 

the best cytotoxic in all with IC50 values of 151.52 and 53.37 µg/mL against HeLa 

and NIH/3T3 respectively (296). 

Kamal et al. conducted a study to determine the cytotoxicity of R. hastatus 

against brine shrimps. Saponins of R. hastatus were observed to have superb 

cytotoxicity against brine shrimps with the LC50 of 10 µg/mL as well as chloroform 

fractions having significant cytotoxicity with LC50 of 65 µg/mL. Furthermore, ethyl 

acetate and methanol extracts were shown to exhibit similar lethality with LC50 of 90 

µg/mL, whereas aqueous and n-hexane fractions were evaluated as moderate with 

LC50 of 100 µg/mL and 390 µg/mL, respectively (297).  

Wang et al. tested the cytotoxicity of physcion-8-O-β-glucopyranoside (298) 

from R. japonicus Houtt towards HCC (human hepatocellular carcinoma) by MTT 

assay. PG was found to inhibit growth of HCC cells via downregulation of DNA 

methyltransferase 1 (DNMT1) (299).  
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R. hastatus and its fractions were analyzed for their cytotoxic and antitumor 

activity by means of brine shrimp assay and potato disc assay, respectively. The 

cytotoxicity of R. hastatus were determined in the following order: BRR (n-butanol 

fraction)+>+MRR (methanol fraction)+>+CRR+(chloroform fraction) >+ARR (aqueous 

fraction)+>+ERR+(ethyl acetate fraction) >+HRR (n-hexane fraction). Antitumor 

activity of the roots of R. hastatus were stated in the following order: 

MRR+>+BRR+>+ARR+>+CRR+>+ERR+>+HRR.  
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2.4.2 Antidiabetic Activities 

Degirmenci et al. conducted an investigation to detect antidiabetic potential 

of 2% decoction of Rumex patientia grain. The glucose and HbA1c levels of wistar 

albino rats injected with streptozotocin (STZ) were observed to be decreased by the 

decoction of the plant indicating its antidiabetic potential (300). Sedaghat et al. also 

investigated hypoglycemic effect of seeds of R. patientia on STZ-diabetic rats, which 

indicated serum glucose levels to be decreased in R. patientia treated cells at 2nd and 

4th weeks by comparison with the untreated diabetics (p< 0.05 and p< 0.01, 

respectively) (301). 

Shiwani et al. revealed absolute and 80% methanol extracts of the roots of R. 

crispus to inhibit α-glucosidase and α-amylase significantly (p< 0.01) by comparison 

with positive control acarbose (287). 

Ahmed et al. conceived that methanol extract of R. acetosella and various 

fractions of the extract with diverse polarities (n-hexane, chloroform, ethyl acetate, 

n-butanol and residual water) exhibited better inhibition than acarbose (IC50= 1.20 

mg/mL) on α-amylase with the lowest IC50 value of 0.85 mg/mL of aqueous fraction 

(302) in all. Çakılcıoglu et al. investigated the plants decreasing blood sugar in 

Elazığ central district and reported R. acetosella to be used in folk medicine in the 

region (44, 45). 

Yang et al. investigated the activities of anthraquinones from R. patientia, R. 

nepalensis and R. hastatus against diabetic nephropathy (DN). Chrysophanol, 

emodin, physcion, aloe-emodin, chrysophanol-8-O-β-D-glucopyranoside, emodin-8-

O-β-D-(6)-O-acetyl)glucopyranoside, emodin-8-O-β-D-glucopyranoside, 

nepalenside A, patientoside A and patientoside B were shown to inhibit IL-6 

secretion remarkably at 10 µM. Chrysophanol, emodin, physcion, nepalenside A, 

rumejaposide E and patientoside A were presented to inhibit extracellular matrix 

production at 10 µM, as well. Furthermore, all the compounds were expressed to be 

non-toxic at 10 µM indicating they might be good candidates as anti-DN drugs (89). 

Kerem et al. investigated α-glucosidase inhibition potential of trans- 

resveratrol, piceid and rumexoid from R. bucephalophorus. Trans- resveratrol (58% 

at 0.1 mM) and rumexoid (57% 0.5 mM) were presented to inhibit α-glucosidase 

better than acarbose as positive control (35% at 0.5 mM). However, piceid was 
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observed to have no activity (220). 

Reddy et al. performed a research based on determination of 

antihyperglycemic activity of ethanol extracts of R. vesicarius, which indicated that 

R. vesicarius notably dampen blood glucose level of streptozotocin induced rats. 

This was further confirmed by histopathological evaluation of pancreas (303). 

Ha et al. researched the antidiabetic effect of nepodin from the roots of R. 

japonicus. Nepodin was conceived to supress enhancement of blood glucose levels 

during fasting and ameliorate glucose intolerance in a type 2 diabetic model of mice, 

(304).  
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2.4.3 Other Activity Studies 

Rumex species were shown to have diverse biological activities in previous 

studies. The biological activities of Rumex genus are summarized in Table 2.18. 

below. 

Table 2.18. Biological activities of Rumex species. 

Biological activity Plant  Reference 
Analgesic R. abyssinicus  

R. crispus  
R. madaio  
R. maritimus  
R. patientia  

(268)  
(305) 
(306) 
(307) 
(308) 

Antiallergic R. acetosa  
R. crispus  

(309) 
(310) 

Antiangiogenic R. hastatus  (215) 
Antibacterial R. aquaticus  

R. crispus 
R. chalepensis 
R. confertus  
R. hymenosepalus 
R. japonicus  
R. obtusifolius  
R. patientia  
R. thyrsiflorus  
R. vesicarius  

(311) 
(94) 
(312)  
(313) 
(90) 
(197) 
(271, 314) 
(315)  
(311) 
(316)  

Anticancer R. abyssinicus  
R. acetosa  
R. bequaertii  

(282) 
(293) 
(282) 

Anticholinesterase R. hastatus  
R. patientia  

(230) 
(43) 

Antidiabetic R. acetosella  
R. crispus  
R. patientia  

(45, 302)  
(287) 
(300, 301, 317) 

Antidiarrheal R. maritimus  (278) 
Antifungal R. acetosa 

R. andreaeanus  
R. crispus  
R. cyprius  
R. japonicus  
R. maritimus  

(318, 319)  
(318)  
(182, 320) 
(321)  
(318, 320)  
(222) 

Antihelmentic R. abyssinicus  
R. dentatus  

(322, 323) 
(324) 

Antihistaminic R. nepalensis (325, 326)  
Antihyperlipidemic R. patientia  (301) 
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Table 2.18. Biological activities of Rumex species (continued). 
Biological activity Plant  Reference 
Antiinflamatory R. abyssinicus  

R. alpinus  
R. crispus  
R. hastatus  
R. nervosus  
R. nepalensis 
R. obtusifloius 
R. patientia  
R. vesicarius  

(43, 327)  
(272)  
(305)  
(328)  
(43, 137) 
(113) 
(329) 
(315, 330, 331) 
(298, 332) 

Antimalarial R. abyssinicus  
R. crispus  

(333) 
(334) 

Antimicrobial R. abyssinicus  
R. acetosa  
R. acetosella  
R. crispus  
R. confertus  
R. dentatus 
R. hydrolapathum  
R. abyssinicus  
R. bequaertii  
R. dentatus  
R. japonicus  
R. nervosus  
R. obtusifolius  
R. scutatus  
R. vesicarius  

(43) 
(335) 
(335, 336) 
(335, 337-339) 
(335) 
(340) 
(335) 
(43) 
(282) 
(236, 341) 
(180) 
(43)  
(335)  
(136)  
(342) 

Antimutagenic R. acetosa (80) 
Antinociceptive R. hastatus (328) 
Antioxidant R. abyssinicus  

R. acetosa 
R. acetosella  
R. crispus  
R. confertus  
R. conglomeratus  
R. cyprius  
R. dentatus  
R. hastatus  
R. japonicus  
R. nepalensis  
R. obtusifolius  
R. palustris  
R. patientia  
R. scutatus  
R. thyrsiflorus  
R. vesicarius  

(282) 
(343-345)  
(346-349) 
(287, 338, 339, 350, 351) 
(313) 
(352)  
(353) 
(354) 
(230, 355) 
(172, 183, 197) 
(113)  
(271) 
(356) 
(331, 347, 357, 358) 
(136) 
(359, 360) 
(139, 142, 202, 316, 361) 
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Table 2.18. Biological activities of Rumex species (continued). 
Biological activity Plant  Reference 
Antipyretic R. madaio  

R. patientia  
R. hastatus  

(306) 
(308) 
(328) 

Antitumoral R. abyssinicus  
R. confertus  
R. crispus  
R. hastatus 
R. hydrolapathum 
R. hymenosepalus  
R. obtusifolius 

(362) 
(13, 38) 
(13, 38) 
(215) 
(13, 38) 
(204) 
(13, 38) 

Antiulcerogenic   R. patientia  (363) 
Antiviral R. acetosa  

R. bequaertii  
R. cyprius 
R. dentatus 
R. hastatus 
R. obtusifolius  
R. nervosus 
R. usambarensis 

(196) 
(364) 
(365) 
(354) 
(366) 
(367) 
(43) 
(368) 

Capillary permeability inhibitor R. patientia  (369) 
Chemopreventor R. abyssinicus  (69) 
Collagenous tissue restorative 
activity 

R. crispus (151) 

Cytotoxic R. acetosa  
R. acetosella  
R. angustifolius  
R. crispus  
R. confertus  
R. hydrolapathum 
R. obtusifolius  
R. patientia 
R. scutatus  

(38, 80, 345) 
(38) 
(76) 
(38, 76, 287, 370) 
(38) 
(38) 
(38, 367) 
(76) 
(76) 

Diuretic R. abyssinicus  
R. vesicarius  

(268) 
(371)  

DNA protection ability R. crispus  (287) 
Gastroprotective effect R. acetosa  

R. aquaticus  
R. patientia  

(372) 
(277, 373, 374) 
(363, 375) 

Hematologic R. acetosa  
R. crispus  
R. japonicus  

(376)  
(255) 
(377, 378)   

Hepatoprotective effect R. crispus  
R. dentatus  
R. patientia 
R. vesicarius  

(305)  
(175) 
(175) 
(139)  
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Table 2.18. Biological activities of Rumex species (continued). 
Biological activity Plant  Reference 
Laxative R. alpinus  

R. chalepensis  
R. crispus  
R. cristatus  
R. obtusifolius  
R. pulcher  
R. sanguineus  

(379) 
(379) 
(379) 
(379) 
(379) 
(379) 
(379) 

Neuroprotective R. aquaticus  (173) 
Psychopharmacological  effect R. nepalensis  (380) 
Vasoconstructor R. confertus  (381) 
Vasorelaxant R. acetosa  (382) 
Xantine oxidase inhitor R. acetosella (383) 
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2.4.4 Biological Activities of R. acetosella  

Ethanol extract of Rumex acetosella was shown to have strong antioxidant 

capacity by phosphomolybdenum, β-carotene bleaching, radical scavenging (DPPH, 

ABTS and NO radicals), reducing power (CUPRAC and FRAP) and metal chelating 

assays. Total flavonol content of R. acetosella was 338.10 mg (QAEs/g extract), 

implying a potent correlation between the phytochemical profile and antioxidant 

activity. Acetyl cholinesterase (mg galantamine equivalent/g extract), butyryl 

cholinesterase (mg galantamine equivalent/g extract), α-amylase (mmol acarbose 

equivalent/g extract) and α-glucosidase inhibitory effect (mmol acarbose 

equivalent/g extract) of the extract followed as 4.84 ± 0.12, 15.27 ± 1.93, 0.77 ± 0.06 

and 3.40 ± 0.04, respectively and flavonol content was detected as 338.10 mg 

quercetin equivalent/ g extract (347). In another study, antioxidant capacities of the 

edible plants in the Black Sea Region of Turkey were investigated. R acetosella was 

shown as a great source of antioxidants with 15000 µmol α-tocopherol equivalent/g 

extract (349). Furthermore, ethanol extracts of wild and cultivated R. acetosella were 

investigated to detect phenolic content with antiradical and antioxidant effects in a 

previous study. Wild R. acetosella was observed to have higher phenolic content 

(69.21 ± 8.5 gallic acid equivalent/g extract) than its cultivated form (57.57 ± 1.8 mg 

gallic acid equivalent/g extract), better antiradical activity (wild type inhibited lipid 

peroxidation and DPPH radical with the EC50 values of 0.02 and 3.67 mg/mL, 

respectively, whereas cultivated type inhibited them with the EC50 values of  0.76 and 

21.94 mg/mL, respectively) and better antioxidant activity (for wild and cultivated 

type of R. acetosella, the reduction potentials were detected as 59.4% and 56.2%, 

respectively at 1 mg/mL) (346). 

Methanol-water and n-hexane extracts of R. acetosella were tested for their 

antimicrobial activity against Gram negative, Gram positive bacteria strains and 

fungal strains. Both extracts were displayed 64 µg/mL of MIC values against ATCC 

1045 of P. aeruginosa, RSSK 02026 of A. baumannii and RSKK 538 of S. enterititis 

and ≥ 256 µg/mL of MIC values against isolated strains of each as Gram negative 

strains. Furthermore, both extracts presented 64 µg/mL of MIC values against 25923 

of S. aureus, ATCC 29212 of E. faecalis, ATCC 6633 of B. subtilis and ≥ 256 µg/mL 
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of MIC values against isolated strains of each as Gram positive strains. MIC values 

of methanol-water and n-hexane extract of R. acetosella were determined for both as 

16 µg/mL for ATCC 10231 of C. albicans and 32 and 64 µg/mL for ATCC 6258 of 

C. krusei, respectively, indicating antimicrobial activity of the plant (336). In another 

study, ethanol extract of the fruits of R. acetosella was shown to possess no activity 

against T. menthagrophytes and A. niger whereas anticandidal effects of some 

extracts were observed at 500 µg/mL (335). 

In a previous study, xanthine oxidase (XO) inhibitory effects of Polygonaceae 

plants in Carpathian Basin were researched. Among the plants investigated, R. 

acetosella was shown to display notable XO inhibitory activity as 21.45+±+4.02 

µg/mL (n-hexane partition from 50% methanol extract of whole plant), 83.29+±+2.01 

µg/mL (chloroform partition from 50% methanol extract of whole plant), 

61.03+±+2.15 µg/mL (the residual 50% methanol extract of the whole plant), 

33.13+±+1.75 µg/mL (water extract of the main methanol extract of whole plant) at 

400 µg/mL. Particularly the chloroform partition of the plant displayed high activity 

against XO with the IC50+value of+19.3+µg/mL (383). 

The ethanol extracts of roots, leaves and fruits of R. acetosella were 

investigated against 1301 and H-9 cell lines to determine their cytotoxicity. The 

extracts were exhibited low cytotoxicity against 1301 cells (IC50= 1.56-2.56 mg/mL), 

whereas the root, leave and fruit extracts have better apoptotic activity on H-9 cells 

(IC50= 0.99, 1.83, 1 mg/mL, respectively) (38). 

Ethanol extract of the roots of R. acetosella was shown to exhibit moderate 

inhibition on CYP3A4 ve CYP19 enzymes, which are important for drug metabolism 

(384). 

R. acetosella was presented to have notable phytotoxicity and inhibit 

germination of Scots pine due to high contents of phenolic compounds. Shoots and 

roots extracts of R. acetosella of the 2-year-old clear-cuts decreased mean 

germination by 70% and 82%, respectively, indicating R. acetosella to affect the 

action of natural reforestation (385). 
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2.5 General Information About Cancer 

World and Health Organization describes cancer as “Cancer is a generic term 

for a broad group of diseases characterized by the growth of abnormal cells beyond 

their usual boundaries that can then invade adjoining parts of the body and/or spread 

to other organs”. Cancers can be named as malignant tumors or neoplasms (386).  

Cancer is one of the leading cause of death worldwide. In 2012, 14.1 millon 

people were diagnosed with cancer (33) and new cases with cancer is predicted to 

ascend by 70% over the next 20 years (34).  

According to the statistics published by IARC (International Agency for 

Research on Cancer)/WHO, cancer incidence is higher in Australia/New Zeland, 

Northern America and Europe than that of other regions of the world shown in 

Figure 2.2. (33). Among men, lung, prostate, colorectal, stomach and liver cancers 

were monitored as the most common cancers, while breast, colorectal, lung, cervix 

and stomach cancers were substantially common in women (386).  

Age, alcohol, cancer-causing substances, chronic inflammation, diet, 

hormones, immunosuppression, infectious agents, tobacco, obesity, sunlight and 

radiation were identified as the most known or suspected risk factors for 

development of cancer in previous studies (387). Genes also have significant role in 

development of cancer. Genetic alterations and mutations in tumor suppressor genes 

or oncogenes are considered to responsible for cancer development (388). 

Despite notable improvements in cancer research in the past few decades, 

many cancer patients still cannot be cured due to the development of drug resistance, 

which decreases the success of chemotherapy- a mainstay for cancer treatment (35). 

The response of tumor cells to cytotoxic agents is frequently determined by multiple 

factors (36, 37). To gain deeper insight into the multifactorial nature of cellular 

response to drugs is a significant approach to overcome cancer. 
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2.6 Cancer Treatment 

Surgery, chemotheraphy, radiotheraphy, cancer drugs, hormone theraphy, 

biological theraphy, bisphosphonates, bone marrow and stem cell transplants, 

complementary and alternative therapies, palliative treatment and other treatments 

are main treatment regimes for cancer.  

2.6.1 Surgery 

Surgery is a way to remove tumor entirely or partly from the patient’s body 

by surgeons with thin knives called scalpels. Cryosurgery, lasers, hyperthermia and 

photodynamic theraphy are additionally alternative approaches to eradicate tumors 

from the body without scalpels. Cryosurgery (cryotheraphy) is a technic based on 

destruction of abnormal tissue by excessive cold caused by liquid nitrogen or argon. 

Lasers are strong beams of light cutting tumors from tissue and shrinking or 

destroying tumors. Hyperthermia is a method exposing small areas of body to high 

temperatures that causes destruction of tumor or makes tumors more sensitive to 

chemotheraphy or radiotheraphy. Photodynamic theraphy utilizes drugs which 

becomes active by a certain types of light. When tumors are subjected to that light, 

drugs turn to active form and kill abnormal tissue around (389). 

2.6.2 Radiotheraphy (Radiation Treatment) 

Radiotherapy is a way to cure cancer via radiation that kills cells with cancer 

or causes tumors to shrink. High doses radiation theraphy damages DNA of cancer 

cells, thus leading cells to stop growth and dividing and to die. Adequate DNA 

damage for cancer cells to die takes days or weeks of the treatment. Following the 

ending of treatment, death of cancer cells occupies time from several weeks to 

months. External beam and internal radiotheraphy are two types of radiation 

theraphy. External beam radiation theraphy cures the specific part of the body with 

tumor directing radiation from a machine to outside of the body, while internal 

radiotheraphy put solid or liquid radiation source inside the body. Application of 

solid radiotherapeutic in internal radiotheraphy is named brachytheraphy and a kind 
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of local treatment, whereas internal radiation theraphy with a liquid radiotherapeutic 

is called systemic theraphy (390).  

2.6.3 Chemotheraphy 

Chemotheraphy is a way to cure cancer by using drugs, thus laeding death of 

cancer cells (391). Detailed knowledge is indicated below under the title of 

“Chemotheraphy”. 

2.6.4 Immunotheraphy 

Immunotheraphy as a kind of biological theraphy assist immun system to 

fight with cancer. It comprises substances like white blood cells and tissues or organs 

of lymph system. Types of immunotheraphy include monoclonal antibodies, 

adoptive cell transfer, cytokines, treatment vaccines and BCG (392). 

Monoclonal Antibodies 

Monoclonal antibodies specifically bind to a certain target causing immune 

response to fight with cancer cells. In targeted theraphy as a type of theraphy with 

monoclonal antibodies, other types of monoclonal antibodies mark cancer cells so 

that immune system can easily identicate and destroy them (392).  

Adoptive Cell Transfer 

Adoptive cell transfer is a way promoting natural ability of T cells to cope 

with cancer. Researchers exclude the most active T cells against the cancer from the 

tumor or modify the gene in them to make them stronger to demolish cancer cells. 

Following researches may grow these T lines in the laboratories (392). 

Cytokines 

Cytokines are proteins produced in the body taking a part to present immune 

response against cancer cells. Interferons and interleukins are two principal cytokines 

used in cancer treatment (392) 
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Treatment Vaccines  

The vaccines are applied to combat against cancer by boosting immune 

response to cancer cells (392).  

BCG 

BCG (Bacillus Calmette-Guerin) is a weakened form of the bacteria causing 

tubeculosis and used for the treatment of bladder cancer inducing immune response 

(392). 

2.6.5  Targeted Theraphy 

Targeted theraphy is a kind of cancer treatment targeting differences in 

cancer cells and other cells around cancer cells that help them grow and thrive (393). 

Further information is provided under the title of “Chemotheraphy- Targeted cancer 

theraphy”. 

2.6.6 Hormone Theraphy 

Hormone theraphy (hormonal theraphy, hormone treatment) is a way to fight 

with cancer that damps or ceases growth of cancer cells standing hormones for their 

growth. It may be referred not only for the treatment but also for easing cancer 

symptoms in patients with prostate cancer who can’t have a chance to have a surgery 

or radiation theraphy (394).  

2.6.7 Stem Cell Transplant 

Stem cell transplants are operations to regenerate blood-forming stem cells in 

people with destroyed blood-forming stem cells as a result of chemotheraphy or 

radiotheraphy. Mainly blood-forming stem cells form white blood cells, red blood 

cells as well as platelets. Stem cell transplant can work either indirectly to recover 

patient’s ability to produce blood-forming stem cells or directly in multiple myeloma 

and leukemia as an effect of graft-versus-tumor to attack the tumor in the body (395). 
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2.6.8 Precision Medicine 

Precision medicine (Personalized medicine) is a way to cure patients based on 

genetics of their tumors. Researchers are still going on the patients who were treated 

by the drugs targeting cancer-causing genetic alterations in their tumors. These drugs 

mostly known as targeted therapies some of which were approved by FDA (Food 

and Drug Administration). Though developments in this field go further everyday, it 

hasn’t taken the place of routine theraphy applied for many patients. Since most of 

the drugs have been in clinical trials and needed time to be approved by an official 

agency as effective against a genetic change of a tumor (396). Further information is 

indicated under the title of  “Targeted Cancer Theraphy” in the next page. 

2.7 Chemotheraphy 

Chemotheraphy (chemo) is a way to cure cancer by using drugs, thus leading 

death of cancer cells. Chemotheraphy is both used to treat cancer or ease cancer 

symptoms and performed as a single treatment or combinations of other treatments 

such as surgery, radiotheraphy and biological theraphy. 

Chemotheraphy can be applied before surgery to make the tumor smaller 

(neoadjuvant theraphy), after surgery to remove debris of the tumor (adjuvant 

theraphy) or in case of metastasis. Chemotherapy may be given by mouth, injection, 

or infusion, or on the skin, depending on the type and stage of the cancer being 

treated (391). 

2.7.1 Targeted Cancer Theraphy 

Targeted theraphy is a kind of cancer treatment targeting differences in 

cancer cells and other cells around cancer cells that help them grow and thrive. 

Targeted theraphy comprises small molecule drugs and monoclonal antibodies. 

Small molecule drugs have ability to enter inside of the cells, since they are small 

enough, while monoclonal antibodies interact with the targets outer surface of the 

cancer cells. Targeted theraphy work against cancer by assisting immune system to 

demolish cancer cells, ending the growth of cancer cells, ending signals forming 

blood vessels, presenting cell-killing substances to cancer cells, causing cancer cell 
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death, preventing delivery of hormones to cancer cells, which need them to grow. 

There might be obstacles of application of targeted theraphy, since it can not be 

possible to develop drugs for each targets or cancer cells can gain resistance towards 

those drugs. Therefore other treatments such as chemotheraphy and radiotheraphy 

should be applied together with targeted theraphy as combination theraphy (393).  

Targeted therapies (molecularly targeted drugs, molecularly targeted 

therapies, precision medicines) are drugs or substances preventing growth of cancer 

by interacting with special targets of the cancer cells, which are associated with 

growth, progression and spread of the cells.  

Targeted therapies inventionally selected to interact with their specialized 

targets and mostly cytostatic, whereas others are cytotoxic to tumor cells. Drugs 

perform on their targets in targeted theraphy, while they act on both normal and 

cancerous cells in chemotheraphy. Targeted theraphy is a way to treat people in 

accordance with their genes and proteins as a basis of a precision medicine. There 

are several ways to detect targets for the application of targeted therapies. Quantity 

of genes or proteins in both normal and cancer cells is an approach. In case a gene or 

protein is high quantity in cancer cells, that may take into consideration as a possible 

target, particularly as for that they are associated with cell dividing and growth. 

Checking abnormalities in chromosomes and altered proteins in cancer cells may be 

other approaches for targeted theraphy (397). 

2.7.2 Drug Resistance and Resistance Theraphy 

Despite notable improvements in cancer research in the past few decades, 

many cancer patients still cannot be cured due to the development of drug resistance. 

Even worse, tumors frequently develop resistance not only to single drugs, but also 

to many drugs at the same time. This phenomenon was termed as multidrug 

resistance, which decreases the success of chemotherapy- a mainstay for cancer 

treatment. Drug resistance may grow during repeated treatment cycles after initially 

successful therapy (acquired or secondary resistance). Or else, tumors may gain 

resistance from the beginning (inherent or primary resistance) (35). 

The mechanisms of secondary metabolism might be both genetic and non-

genetic-welded (398, 399). Tumor cell heterogeneity is the main factor for genetic-
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welded secondary resistance that genome gain resistance due to the fact that their 

genes have rapidly increasing mutations under drug treatment. This change results in 

mutation in drug targets and activation or inhibition of signaling components, which 

cause drug resistance. The mechanisms of non-genetic-welded secondary resistance 

were less examined than genetic-welded ones. Possible role of epigenetics, RNA 

splicing, metabolic alterations and certain protein modifications which are not 

induced via mutations may be substantial cause of non-genetic-welded secondary 

resistance (399). 

One of the most important mechanisms having a significant role in drug 

resistance is increased number of drug efflux pumps. ATP binding cassette (ABC) 

transporters are mainly responsible for drug efflux. Numerous different anticancer 

drugs like taxanes, epidermal growth factor receptor inhibitors and topoisomerase 

inhibitors are recognized (400) and pumps out of the cells by ATP transporters (398), 

which are considered as a fundamental cause of MDR (401).  

In human, at least 48 members of ABC transporter family were reported (402, 

403) and 12 of whom were identified as possible drug transporters (403, 404). P-

glycoprotein (MDR1/ABCB1), breast cancer resistance protein (BCRP/ABCG2) and 

MDR- associated protein 1 (MRP1/ABCC1) are known ABC transporters (403, 405). 

Oncogenes and tumor suppressor genes also confer drug resistance (406). 

Drug resistance mechanisms are summarized in detail in Figure 2.3. (403) in 

addition to Figure 2.4. illustrating several of those mechanisms (407). 
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Figure 2.3. Summary of the potential drug resistance mechanisms (403). 
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Figure 2.4. Illustration of several drug resistance mechanisms including mutations in 
the p53 gene, decreased drug uptake, enhanced drug export by MDR1-related 
proteins, a mutation or amplification in drug target (407). 

Because cancer is a multifactorial disease and to overcome MDR, utilization 

of two or more drugs for the treatment (rational combination theraphy) is the best 

approach. Drugs with diverse mechanisms widen target range and improve 

therapeutic effectiveness and lessen possibility of drug resistance (408).
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2.7.3 Natural Sources for Cancer Theraphy 

Nature is an attractive source to get natural products or a substance in cancer. 

Naturally occurring chemical substances are generated by living organisms (409). 

The compounds involved in metabolism are generally the same, called primary 

metabolism products. Additionally, a broad spectrum of biochemical pathways may 

be indigenous for one or few species of organisms, even they might be only special 

for a particular level of differentiation of a specific cell, which is called as secondary 

metabolism and the compounds formed by secondary metabolism are known as 

secondary products (410). Secondary metabolism products have evolved depending 

on the ecological habitat secondary metabolism occurred so that they can protect 

themselves from challengers, herbivores and pathogens (411), which is also 

expressed as natural version of combinatorial chemistry (412).  

Natural sources might have importance as potential drug candidates. 

Evidently, 69% of anticancer drugs approved between the 1980s and 2002 are either 

natural products or developed based on knowledge gained from natural substances 

(31) as natural compounds are indispensable not only as chemically established 

anticancer drugs (e.g. anthracyclines, Vinca alkaloids, taxanes, camptothecins etc.), 

but also as lead compounds for the development of novel targeted chemotherapeutics 

with improved antitumor efficacy and fewer side effects (32).  

Anticancer effects of the compounds are numerous and varied due to the wide 

range of divereness of natural substances (409). As example, vinblastine as a 

destabilizing agent inhibits microtubule polymerization, while taxol as a stabilizing 

agent enhance microtubule polymerization, which means both suppress microtubule 

dynamics (413). Furthermore, camptothecin and podophyllotoxin derivatives act as 

topoisomerase inhibitors (414, 415). Several pathways affected by drugs are further 

associated with cancer development as we see in curcumin. Curcumin was reported 

to antagonize epidermal growth factor receptor (EFGR) on cell surface and incline 

apoptosis in human melanoma cells via Fas receptor and caspase-8 activation, 

targeting several pathways rather than only one target in a previous study (416). A 

natural product-derived drug temsirolimus was also reported to be approved as not 

only a cytotoxic drug, but also molecularly targeting agent and a mTOR protein 
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kinase inhibitor (417). As reported in previous studies, natural substances or derived 

products may show their effects on different targets, which is quite significant for 

natural sources to be advanced as a drug for the treatment of cancer, which is a 

multifactorial disease. 

2.8 Anthraquinones and Their Derivatives  

2.8.1  Sources, Structures and Biological Activities 

An anthraquinone molecule is an aromatic organic compound and anthracene 

derivative with the chemical formula of C14H8O2. Anthraquinones are seen as solid 

crystalline powder in nature with the colours ranged from yellow or light grey to 

grey-green. They melt at 286 °C and boil at 379.8 °C. Usually they are insoluble in 

water and alcohol while soluble in nitrobenzene and aniline being quite stable under 

normal conditions. Due to aglycon moieties, they can be observed as anthraquinone, 

anthranol, anthrone, dimers of anthrones or their derivatives (Figure 2.5.) (418).  

 

Figure 2.5. Oxidation steps of anthraquinones. 

Borntraeger test is used to test the presence of anthracene glycosides. 

Generally, they are in the form of O-glycosides or S-glycosides. Their hydrolysis 

derivatives are obtained as 1,8-dihydroxy anthraquinones, anthranols, anthrones and 

dianthrones (418). 

The main anthraquinone aglycones are chrysophanol, aloe-emodin, emodin, 

rhein (Table 2.19) and physcion which may prevail as anthranols, anthrones and 

anthraquinones. Glucose, arabinose and rhamnose are the sugars, for the 

anthroquinone derivatives which substantially observed in the glycosylated forms 

(418).  
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Table 2.19. The main anthraquinone aglycones. 

Substance R1 R2 

Chrysophanol CH3 H 

Aloe-emodin CH2OH H 

Rhein COOH H 

Emodin CH3 OH 

Physcion CH3 OCH3 

Naturally antraquinone derivatives generally have laxative effects, which are 

also colour pigments. Reduced anthraquinones are biologically more active and 

glycosidic derivatives are more active than oxidized aglycones, as well (418). 

Among the various chemical classes of natural products, anthraquinones are 

characterized by their large structural diversity, pronounced biological activity and 

low toxicity (20). Anthraquinones may occur in fungi, lichens, insects, and plants 

(418), recorded in the families of Fabaceae, Liliaceae, Polygonaceae, Rhamnaceae, 

Rubiaceae, and Scrophulariaceae (21).  

Anthraquinones have diverse biological activities. They can be natural dyes  

(419) as well as they possess laxative (420, 421), anti-inflammatory and antiarthritic 

(422, 423), antioxidant (424, 425), virucidal (426-428), antileishmanial and 

antimalarial (429), antiosteoporotic (430), antimicrobial (428, 431-433), estrogenic 

(434), molluscicidal (435), phytoalexin (436), antifeedant (437) and photodynamic 

(438) properties. Furthermore, they were also reported to inhibit aldose reductase 

(439), RNA polymerase (440), DNA topoisomerase II (441), xanthine oxidase (442) 

enzyme activities and platelet aggregation (443) in previous studies.  

O

O

OH OH

R1 R2
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2.8.2 Cytotoxic, Antitumor and Anticancer Effects 

Anthraquinones were shown to inhibit proliferation or tumor growth of breast 

(22-24), lung (23), cervical (25), prostate (26), colon, central nervous system, glioma 

(23, 27), hepatoma (28) and leukemia cancers (29, 30) in previous studies. 

Furthermore, the structural similarity of anthraquinone aglycons to anthracyclines as 

well established anticancer drugs allows to speculate on their possible activities 

against cancer. 
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2.9 General Information About Diabetes Mellitus (DM) 

 According to World Health Organization (WHO), the global prevalence of 

diabetes was around 9% among adults in 2014 (444). WHO also asserts diabetes to 

be the 7th leading cause of death in 2030 (445).  

DM may be otoimmmun-origined or idiopatic (Type I DM) as well as caused 

by insulin resistance or relative insulin deficiency (Type II DM). There are also 

specific types of diabet such as gestational diabetes, which comprises only small 

proportion of the disease. Patients with type II DM comprises large majority of the 

people (90-95%), while the rest are suffering from type I DM. Eyes, kidneys, hearts 

and vital organs of people living with long-lasting hyperglycemia are under risk (50). 

Diabetes mellitus is a condition arising from abnormal metabolism of 

carbohydrate, which causes defects in insulin secretion, insulin action, or both. 

Various complications occur due to the metabolic imbalances by diabetes, affect all 

the vital organs in the body such as heart, kidneys, eyes, nerves and cause coronary 

artery disease, myocardial infarction, hypertension, peripheral vascular disease, 

retinopathy, neuropathy (446). Many studies emphasized the importance of glycemic 

control, which may intercept worse complication outcomes. Therefore, to monitore 

and control hyperglycemia is a significant approach to cope with related outcomes.  

Treatment of type I diabet depends on insulin uptake, while type II diabet 

requires oral medication, foot care and insulin uptake in case of necessity (50). From 

this point of view, drugs preventing hyperglycemia may have importance. 

Pancreatic α-amylase and intestinal α-glucosidases are starch hidrolyzing 

enzymes and cause hyperglycemia (52). Inhibitors of these enzymes delay 

carbonhydrate digestion and interrupt the increase in postprandial glucose in plasma 

(53), which indicates their potentials as antidiabetic agents (57). 

α-amylase and α-glucosidase inhibitors may be significant agents for the 

development of new drugs in DM. 
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3. MATERIAL AND METHODS 

 

3.1 Plant Material 

Rumex acetosella was collected from Camlidere (Ankara, Turkey) in May 

2013. A voucher specimen has been deposited in the Herbarium of Faculty of 

Pharmacy, Hacettepe University, Ankara, Turkey (HUEF: 13005). 

3.2 Chemicals and Equipment 

Anthraquinones were purchased from commercial sources to have adequate 

amounts for mechanistic studies. Aloe-emodin (purity (HPLC): min. 97 area %) was 

obtained from TCI Deutschland GmbH (Eschborn, Germany) and was dissolved in 

DMSO. Emodin (purity after HPLC ≥ 90%), physcion (purity after TLC ≥ 98% 

TLC) and rhein (technical grade) (Sigma, Turkey) were also dissolved in DMSO. 

TNF-α was obtained from Biotrend Chemikalien GmbH (Köln, Germany). 

Doxorubicin was provided by the University Hospital of Johannes Gutenberg 

University (Mainz, Germany).  

DMEM medium (Life Technologies, Germany), RPMI 1640 medium (Life 

Technologies, Germany), Fetal Bovine Serum (FBS) (Life Technologies, Germany), 

Penicillin (10000 U/mL)/ Streptomycin (10000 µg/mL) (Life Technologies, 

Germany), Geneticin (Sigma Aldrich, Germany) were purchased for cytotoxicity 

researches. 

α-amylase (Sigma, Turkey), α-glucosidase (Sigma, Turkey), acarbose (Sigma, 

Turkey), 2,2-diphenyl-1-picrylhydrazyl (Sigma, Turkey), sodium nitroprusside 

dihydrate (Sigma, Turkey), sulfanilamide (Sigma, Turkey), N-(1-naphthyl) 

ethylenediamine (Sigma, Turkey), 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic 

acid) (Sigma, Turkey), potassium persulfate (Sigma, Turkey), 6-hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (Trolox) (Sigma, Turkey), ascorbic acid 

(Sigma, Turkey), ammonium molybdate (Sigma, Turkey), sodium phosphate (Sigma, 

Turkey) were purchased for enzyme assays. 

n-Hexane (Sigma, Merck, Turkey), dichloromethane (Sigma, Merck, 

Turkey), n-butanol (Merck, Turkey), t-butanol (Carlo Erba, Turkey), ethylacetate 



  88 

(Sigma, Merck, Turkey), chloroform (Sigma, Merck, Turkey), methanol (Merck, 

Riedel-De Haen, Turkey), sulfuric acid (Merck, Turkey), ethanol (Sigma, Merck, 

Turkey), phosphoric acid (Merck, Turkey) were purchased for purification of the 

compounds by chromatographic techniques. 

Nuclear magnetic resonance (NMR) spectra were recorded on an Avance III 

600 (Bruker) using 5 mm probe heads at a temperature of 23 °C. The 1H and 13C 

chemical shifts were referenced to the residual/deuterated solvent (e.g., for MeOD, 

Sigma, Germany, δ = 3.31 and 49.00 ppm for 1H and 13C NMR, respectively) and 

reported in parts per million (ppm, δ) relative to tetramethylsilane (TMS, δ = 0.00 

ppm). Coupling constants (J) are reported in Hz, and the splitting abbreviations used 

were: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; and combinations 

thereof. High-resolution masses (ESI) were recorded on a Q-ToF-Ultima 3 

instrument (Waters) with LockSprayTM interface and a suitable external calibrant. 

Optical rotations were measured with a Perkin–Elmer 241 polarimeter at 589 nm. 

Infrared spectra were recorded as FT-IR spectra on a Tensor 27 spectrometer 

(Bruker) using a diamond ATR unit and are reported in terms of frequency of 

absorption (ν, cm−1).  

Normal phase column chromatography and reverse phase column 

chromatography were run on silica gel 60 (0.063-0.200 mm, Merck, Darmstadt, 

Germany) and RP-18 silica gel (40-63 µM, Merck, Darmstadt, Germany), 

respectively. Sephadex LH-20 (Sigma, Sweden) was used for separation of the 

compounds based on their molecular size. Thin layer chromatography (TLC) was 

applied on silica gel 60 F254 precoated plates (Merck, Darmstadt, Germany). The 

spots were observed using an UV lamp at 254 and 365 nm, sprayed with 1% 

Vanilin/H2SO4 and then heated at 100-110 °C for detection. 

Spraying Reagents for the Detection of Spots in TLC: 

1% Vanilin/H2SO4: Solution of 1% of vanilin in 95-98% H2SO4 as (w/v). 

Following spraying, plate is heated at 110 °C for 1 to 2 minutes. 

5% KOH: Solution of 5% of KOH in 50% (v/v) methanol solution as (w/v). 

Following spraying, plate is heated at 110 °C for 5 minutes. It is used for the 

detection of anthranoids.   
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3.3 Extraction 

3.3.1 Extraction Procedures for Isolation of Pure Compounds 

Roots of Rumex acetosella (529.68 g) were air dried, grinded and extracted 

with methanol (10 L × 7) at 40 °C under reflux for 72 h. The extract was filtered and 

evaporated under vacuum and 83.26 g crude extract was gained. 

Normal phase silica gel column chromatography, reverse phase column 

chromatography including vacuum liquid chromatography (VLC) or medium 

pressure liquid chromatography (MPLC) and Sephadex column chromatography 

with isocratic CH3OH elution were performed to isolate the pure substances.  

3.3.2 Extraction Procedures for Enzyme Assays and Radical 

Scavenging Capacity Studies 

Preparation of the Ethanol, Methanol, 70% Ethanol, 70% Methanol 

Extracts of Herbs and Roots of Rumex acetosella: 

5 g of dried powdered roots and herbs were individually extracted twice with 

50 mL of methanol, ethanol, 70% methanol and 70% ethanol, respectively for six 

hours stirring in a water bath at 40 °C to get the required extracts. The extracts were 

then filtered, and evaporated to dryness in vacuo. In addition, the herbal extracts 

were seperated from their lipids and pigments with petroleum ether extraction. Then, 

the extracts were dissolved in buffer solution to prepare the required concentrations 

for enzymatic and radical scavenging capacity studies. 

Preparation of the Chloroform Extract of Rumex acetosella Herbs: 

5 g of dried powdered herbs were extracted twice with 50 mL petroleum ether 

for six hours stirring in a water bath at 40 °C for removing chlorophylles. Then, the 

residue was extracted twice with 50 mL chloroform for six hours stirring in a water 

bath at 40 °C. The extract was then filtered, evaporated to dryness in vacuo and then 

dissolved in DMSO: buffer mixture to prepare the required concentrations for 

enzymatic and radical scavenging capacity studies.  
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Preparation of the Chloroform Extract of Rumex acetosella Roots: 

5 g of dried powdered roots were extracted two times with 50 mL chloroform 

for six hours stirring in a water bath at 40 °C. The extract was then filtered, 

evaporated to dryness in vacuo and dissolved in DMSO: buffer mixture to prepare 

the required concentrations for enzymatic and radical scavenging capacity studies.  

3.4 Antioxidant Capacity Assays 

3.4.1 DPPH Radical Scavenging Activity 

DPPH radical scavenging activity was conducted using a previously 

described method (447, 448). DPPH radical scavenging effect of the extracts were 

determined spectrophotometrically by the decolorization of a methanol solution of 

2,2-diphenyl-1-picrylhydrazyl (DPPH). DPPH is a radical and in case of reacting 

with an antioxidant agent donating hydrogen, it is reduced to its nonradical form. A 

MeOH solution (200 µL) of the samples at various concentrations was added to a 

DPPH−MeOH solution. The absorbance of the remaining DPPH was measured at 

520 nm after 30 min. The radical scavenging activity was determined by comparing 

the absorbance with that of blank (100%) containing only DPPH and solvent. 

Radical scavenging activity (%)= ((Acontrol –Asample )/Acontrol )) x 100 

A: Absorbance 

3.4.2 ABTS Radical Scavenging Activity (TEAC) 

Trolox equivalent antioxidant capacity (TEAC) assay was conducted using a 

previously described method (449, 450) with slight modifications. TEAC assay was 

used to determine the ability of the samples to scavenge the ABTS.+ radical. ABTS 

is a chemical compound and converts into its radical cation form via addition of 

potassium persulfate, which gives blue colour and absorbs the light at 734 nm. In the 

presence of antioxidants such as phenolics, thiols ...etc., the radical cation converts 

back to its nonradical neutral form which is colourless. In this way, radical 

scavenging activity of such antioxidants may be tested spectrophotometrically. 

Primarily, 7 mM (2 mL) 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 
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(ABTS) and 2.45 mM (2 mL) K2S2O8 were mixed and incubated 16 hours in the 

dark. After incubation ABTS+ occurred was diluted with ethanol till absorbance was 

measured 0.700± 0.050 at 734 nm. After preparation of ABTS working solution 

(ABTS+), 130 µL of that was added on 50 µL ethanol extracts and mixed properly. 

Then, the absorbance was measured at 734 nm after an exact reaction time of 6 min 

at 24 °C. Each extract was investigated in triplicate. 

3.4.3 NO Scavenging Activity 

Na nitroprusside generates nitric oxide radical interacting with oxygen which 

is detected by use of Griess reagent. NO2
- scavenging agents competes with oxygen 

leading to reduced production of nitric oxide. The absorbance of the chromophore 

formed following the addition of Griess reagent is measured spectrophotometrically. 

Nitric oxide (NO) scavenging activity is carried out on the extracts with slight 

modifications on a previously desccribed method (451). Na nitroprusside was 

prepared by dissolving in phosphate buffered saline (PBS). Prepared concentrations 

of the extracts and Na nitroprusside solution were added into the well and incubated 

at room temperature for 150 min. At the same time, Griess reagent (0.100 g 

sulfanilamide, 0.010 g naphthyl ethylenediamine dihydrochloride, 250 µL H3PO4, 10 

mL distilled water) was prepared freshly. After the addition of the reagent and 

waiting for 10 min, the absorbances of wells were measured at 577 nm. Radical 

scavenging activities of the extracts were determined by comparison with the blind 

absorbance. 

Radical scavenging activity (%)= ((Acontrol –Asample )/Acontrol )) x 100 

A: Absorbance 

3.4.4 The Phosphomolybdate Antioxidant Assay 

The phosphomolybdate antioxidant assay was carried out according to the 

procedure reported by Prieto et al. (452) with slight modifications. 

Phosphomolybdate reagent was prepared by mixing 0.6 M sulfuric acid (100 mL), 4 

mM ammonium molybdate (100 mL) and 28 mM sodium phosphate (100 mL) 

solution. In a well of 24-well plate, 1 mL of phosphomolybdate reagent was mixed 

with 100 µL of the plant extract, standard solution or methanol. The plates were 
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capped with silver foil and incubated in water bath at 95 °C for 90 min. After the 

contents of the plates were cooled down, the absorbances were measured at 765 nm 

against a blank. The total antioxidant capacity was expressed as µg equivalents of 

ascorbic acid by using the standard ascorbic acid graph.  

3.5 Phytochemical Studies 

3.5.1 Isolation Studies 

We used various chromatography techniques to view phytochemical profile 

of Rumex acetosella. We performed normal phase, reverse phase, sephadex column 

chromatographies for isolation of compounds and thin layer chromatography (TLC) 

to monitor the results of column chromatographies.  

Solvent systems used in chromatographic separations were presented in 

Table 3.1.. 

Phytochemical studies were performed on methanol extract of the roots of R. 

acetosella and 12 compounds were isolated from this point of view (Figure 3.1.). 
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Table 3.1. Solvan systems used in chromatographic techniques. 

Solvent systems Chromatographic techniques 

CHCl3: CH3OH (95:5) Preparative TLC 

CH2Cl2: CH3OH (95:5) Silica gel CC 

CH2Cl2: CH3OH (90:10) Silica gel CC 

CH2Cl2: CH3OH (80:20) Silica gel CC 

CH2Cl2: CH3OH (70:30) Silica gel CC 

CH2Cl2: CH3OH (60:40) Silica gel CC 

CHCl3: CH3OH: H2O (90:10:1) Silica gel CC, TLC 

CHCl3: CH3OH: H2O (80:20:2) Silica gel CC, TLC, preparative TLC 

CHCl3: CH3OH: H2O (70:30:3) Silica gel CC, TLC, preparative TLC 

CHCl3: CH3OH: H2O (60:40:4) Silica gel CC, TLC 

CHCl3: CH3OH: H2O (61:32:7) Silica gel CC, TLC, preparative TLC 

C2H5COOCH3: CH3OH: H2O (100:5:2) Silica gel CC, TLC 

C2H5COOCH3: CH3OH: H2O (100:10:5) Silica gel CC, TLC 

C2H5COOCH3: CH3OH: H2O (100:17:13) Silica gel CC, TLC 

CH3OH Sephadex CC, VLC, MPLC 

CH3OH: H2O (20:80) VLC, MPLC 

CH3OH: H2O (30:70) VLC, MPLC, RP TLC 

CH3OH: H2O (40:60) VLC, MPLC, RP TLC 

CH3OH: H2O (50:50) VLC, MPLC, RP TLC 

CH3OH: H2O (60:40) VLC, MPLC, RP TLC 

CH3OH: H2O (70:30) VLC, MPLC, RP TLC 

CH3OH: H2O (80:20) VLC, MPLC 

CH3OH: H2O (90:10) VLC, MPLC 
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Initially, the most appropriate solvent system was determined by testing 

various kinds of solvent systems for thin layer chromatography (TLC) to view 

phytochemical profile of the crude extract in the best way. That solvent system was 

found to be CH2Cl2:CH3OH. Thus, we began phytochemical studies with normal 

phase silica gel column chromatography (CC) by using CH2Cl2:CH3OH gradient 

elution. The crude extract (83.26 g) was processed by SK-1 (silica gel CC-1) with a 

gradient elution of from CH2Cl2:CH3OH (95:5 à 60:40:4) to get the SK-1 fractions 

(Figure 3.2.).  

 

Figure 3.2. Main fractions obtained from the methanol extract of roots of Rumex 
acetosella used for the isolation of compounds. 

Isolation Processes of Compounds 1-3 and 5 

Fraction B [Fr. (27-28)] of SK-1 was further processed on SK accompanied 

by CH3COOC2H5:CH3OH:H2O gradient elution from (100:5:2) to (100:17:13). 

Fraction (10-14) of SK was then subjected to SPH. The obtained fraction (13-16) 

was re-conducted on SPH to get fraction (15-26), which was enriched in compound 

1. This fraction was subsequently applied to vacuum liquid chromatography (VLC) 

consecutively to get a pure compound (Compound 1, 21.3 mg).  

Similar purification steps applied for compound 1 were performed, until we 

obtained the fractions of SPH. SPH (5-7) was then applied to SPH, again. Fraction 

(7-11) from SPH was combined and subjected to VLC to obtain Compound 2 (10 

mg) in pure form.  

Fraction (15-20) obtained from SK was run on successive SPH columns to 

get the fraction (8-13) from SPH. Subsequently, this fraction was then processed by 
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VLC with CH3OH:H2O (20:80) isocratic elution. Then, the fraction (20-24) from 

VLC being virtually pure was finally applied to preparative TLC to yield Compound 

3, (12.4 mg). 

The identical protocol applied for compound 2 was conducted until getting 

fractions from VLC. VLC (80-82) was the pure compound (Compound 5, 3.6 mg).  

Isolation processes of compounds 1-3 and 5 were shown in Figure 3.3.. 

 
Figure 3.3. Isolation processes of compounds 1-3 and 5. 
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Isolation Processes of Compounds 4, 9, 10 and 11 

Fraction C [SK-1/(35-36)] was run on SK with the gradient elution of 

CHCl3:CH3OH:H2O from (80:20:2) to (61:32:7). SK (6-12) was repeatedly applied 

to silica gel column chromatographies until the fraction SK (1-2) was obtained. After 

subjecting this fraction to VLC with CH3OH:H2O (60:40) isocratic elution, we 

gained fraction (9-14) and applied the fraction to SPH. Fraction (15-20) from SPH 

was applied on VLC with CH3OH:H2O from (40:60) to (50:50) isocratic elution, and 

VLC (28-34) was gained as a pure compound (Compound 4, 13.5 mg).  

Fraction (35-36) of SK-1 (Fr. B) was applied to SK accompanied by gradient 

elution of CHCl3:CH3OH:H2O from (80:20:2) to (61:32:7) and SK fraction (22-24) 

was subjected to SK with CH3COOC2H5:CH3OH:H2O:HCOOH (100:17:13:0.5) 

isocratic elution. SK (2-6) was then run on SK accompanied with 

CHCl3:CH3OH:H2O:HCOOH gradient elution from (70:30:3:0.5) to (61:32:7:0.5). 

SK (3-4) was applied to SPH and fraction (23-49), which was almost pure, was 

applied to preparative TLC to obtain the completely pure compound (Compound 9, 

13.5 mg). 

The same procedure performed to isolate compound 9 were also conducted to 

obtain fraction (5-22) from SPH. SPH (5-22) was then applied to MPLC followed by 

CH3OH:H2O gradient elution from (45:55) to (100:0). Fraction (45-80) obtained 

from VLC was applied to preparative TLC and compounds 10+11 (12 mg) were 

obtained. 

Isolation procedures of compounds 4, 9-11 were shown in Figure 3.4.. 
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Figure 3.4. Isolation processes of compounds 4, 9-11. 

Isolation Processes of Compounds 6 (6A and 6B), 7 and 8  

The fraction SK-1/(23-24) as one of the first column fractions of the crude 

extract was applied on SK accompanied with CH3COOC2H5:CH3OH:H2O 

(100:17:13) isocratic elution. Fraction (6-8) from SK was repeatedly applied to 

Sephadex (SPH) column chromatography until fraction (6-11) was obtained from 

SPH. After subjecting this fraction to VLC accompanied by CH3OH:H2O gradient 

elution from (40:60) to (55:45), a yielded fraction (33-51) from VLC was then 

subjected to another silica gel column chromatographies by using gradient elutions 

of CH3COOC2H5:CH3OH:H2O and CHCl3:CH3OH:H2O, respectively in order to 
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13.5 mg
   12 mg
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isolate SK (15-26) as pure compounds (Compound 6A, compound 6B 13 mg).  

The fraction SK-1/(23-24) was applied to SK accompanied by 

CH3COOC2H5:CH3OH:H2O (100:17:13) isocratic elution. Fraction (4-5) obtained 

from SK was run on SPH to get fraction (18-25), which was almost pure. Fraction 

(18-25) from SPH, was then applied to preparative TLC to obtain a pure compound 

(Compound 7, 17.8 mg). 

The fraction SK-1/(23-24) was applied to SK accompanied by 

CH3COOC2H5:CH3OH:H2O (100:17:13) isocratic elution. Fraction (2-3) of SK was 

applied to preparative TLC to get the pure compound (Compound 8, 6 mg). 

Isolation procedures for compounds 6A, 6B, 7 and 8 were shown in Figure 

3.5.. 

 

Figure 3.5. Isolation processes of compounds 6A, 6B, 7 and 8.  
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Thin Layer Chromatography (TLC) 

TLC was applied on silica gel 60 F254 precoated plates, 0.2 mm (Merck, 

Darmstadt, Germany) or reverse phase silica gel (RP-18) F254 precoated plates, 0.2 

mm (Merck, Darmstadt, Germany) to observe phytochemical profiles of the fractions 

for the next purification steps. The spots of substances were detected by using an UV 

lamp at 254 and 365 nm, followed by spraying with 1% Vanilin/H2SO4 or 5% KOH 

and then heating at 100 to 110 °C.  

Preparative Thin Layer Chromatography 

A few of the fractions, which were enriched with major substances, were 

purified by using preparative thin layer chromatography. We used Silica gel 60 F254 

precoated plates, 0.2 mm (Merck, Darmstadt, Germany). Various solvent systems 

were experienced to select appropriate solvent system for the best possible 

separation. Determining the best solvan system for the separation, each fraction to be 

purified was dissolved in the minimum amount of the solvent system in which it can 

completely be dissolved and applied on TLC plate (20×20 cm) by using a Pasteur 

pipette. After development process, spots were marked under 254 and 366 nm, 

scraped from plate, dissolved in the suitable solvent system and filtrated with filter 

paper, respectively to gain pure substances.  

Silica Gel Column Chromatography 

Silica gel column chromatography as a convenient and common method for 

purification of compounds based on their polarity. We used Silica gel 60 (0.063-

0.200 mm, Merck, Darmstadt, Germany) as the polar stationary phase (adsorbant) in 

normal phase column chromatography, while silica gel derivatized with octadecyl 

(C18) (RP-18 silica gel, 40-63 µM, Merck, Darmstadt, Germany) was used in reverse 

phase column chromatography.  

For preparation of normal phase column chromatography system, desired 

amount of silica gel was weighed, mixed with the initial solvent system and poured 

into the appropriately sized column of which having about 1 cm of cotton at the 

bottom to prevent from silica gel leakaging. Following silica gel to be packed tightly 
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and excluded any air bubbles, sample is applied on the system by dry method or as 

solution. 1 cm of cotton to the top of the silica gel is placed and elution is started.  

For reverse phase column chromatography systems, diverse sized of columns 

are usually ready to use in MPLC and HPLC, which are filled with silica gel 

derivatized with octadecyl (C18). In case of need, similar steps for picking the 

column are followed as in normal phase column chromatography with different 

adsorbent and solvent systems. 

Sephadex Column Chromatography  

Sephadex LH-20 (Sigma, Sweden) was used for separation of the compounds 

based on their molecular size. For picking the column, desired amount of Sephadex 

is weighed and mixed with methanol to make the sephadex slurry. Similar picking 

steps are followed as in normal phase column chromatography. Methanol is used as a 

mobile phase. 

Vacuum Liquid Chromatography (VLC) 

Vacuum liquid chromatography is a kind of reversed-phase chromatography 

technique. The adsorbent is applied in dry form into a sintered glass funnel. The 

sample is introduced as a solution or preadsorbed on the packing material. Then, the 

mobile phase is added portion by portion and vacuum is applied after each portion to 

collect the fraction(s).  

Medium Pressure Liquid Chromatography (MPLC) 

Medium Pressure Liquid Chromatography (MPLC) is a kind of reversed-

phase chromatography technique. The pressure required is in the range of 5-20 bar. 

Various volume proportions of the mixtures of methanol (MeOH) and water (H2O) 

were used as mobile phase and the compounds eluted from the column were detected 

by means of a UV detector. MPLC data were indicated as follows: 
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Stationary phase: LiChroprep C-18 (40-63 µm, Merck)  

Column: Buchi (3 x 45 cm)  

Fraction collector: Buchi Fraction Collector C-660  

Fraction volume: 25 mL  

Injection: Rheodyne (Loop 2 mL)  

Pump: Buchi (C-605)  

Flow rate: 5 mL/min  

Pressure: 5-15 bar  

Mobile phase: 20% MeOH →90% MeOH, 100% MeOH 

3.5.2 Structure Determination 

Structures of the isolated compounds were determined by the utilization of 

spectroscopic data such as IR, NMR (1D- and 2D-NMR), MS and of the 

measurement of optical rotations. 

3.6 Cell Culture 

The cell lines were prolonged in a humidified environment at 37 °C with 5% 

CO2 and splitted twice per week. Adherent cells except for HEK cells were detached 

by trypsine treatment. HEK cells were detached harvesting gently by cell scrapers. 

All experiments were conducted on the cells in the logarithmic phase of growth. The 

cells were counted by the utilization of Z2 Coulter Counter (Beckman Coulter).  

3.6.1 Leukemia Cell Lines 

CCRF-CEM and its resistant counterpart- P-glycoprotein (P-gp) 

overexpressing, multidrug-resistant CEM/ADR5000 leukemia cells were cultured in 

RPMI 1640 medium (Invitrogen/Life Technologies, Darmstadt, Germany) with 10% 

fetal bovine serum (Life Technologies, Germany) and 1% penicillin and 
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streptomycin (Life Technologies, Germany). To maintain multidrug-resistance, 

quality of CEM/ADR5000 cells, 5000 ng/mL doxorubicin is added biweekly. 

3.6.2 Breast Cancer Cell Lines 

Breast cancer cells including MDA-MB-231-pcDNA cells and a multidrug-

resistant subline transfected with a BCRP cDNA (MDA-MB-231-BCRP clone 23) 

were cultivated in DMEM medium (Life Technologies, Germany) supplemented 

with 10% fetal bovine serum (Life Technologies, Germany) and 1% penicillin and 

streptomycin (Life Technologies, Germany). Drug resistance in MDA-MB-231-

BCRP clone 23 was sustained by the supplementation of geneticin (Sigma-Aldrich) 

once a week. 

3.6.3 Glioblastoma Cell Lines 

Brain tumor cells as wild type U87.MG and a subline transfected with a 

deletion-activated EGFR cDNA (U87.MG∆EGFR) were cultivated in DMEM 

medium (Invitrogen) supplemented with 10% fetal bovine serum (Life Technologies, 

Germany) and 1% penicillin and streptomycin (Life Technologies, Germany). Drug 

resistance in U87.MG∆EGFR was hold by the addition of geneticin (Sigma-Aldrich, 

Germany) once a week. 

3.6.4 Colon Cancer Cell Lines 

HCT116 cells with wild-type TP53 tumor supressor gene (HCT116(p53+/+)) 

or HCT116 knockout cells (HCT116(p53-/-)) as colon cancer cells were cultivated in 

DMEM medium (Life Technologies, Germany) supplemented with 10% fetal bovine 

serum (Life Technologies, Germany) and 1% penicillin and streptomycin (Life 

Technologies, Germany). Drug resistance in HCT116 (p53-/-) was maintained by the 

addition of geneticin (Sigma-Aldrich, Germany) once a week. 

3.6.5 Human Embriyonic Kidney Cell Lines 

Embryonic kidney cells concerning wild type drug-sensitive HEK293 cells 

and a multidrug-resistant subline transfected with an ABCB5 cDNA (HEK293-

ABCB5) were cultivated in DMEM medium (Life Technologies, Germany) 
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supplemented with 10% fetal bovine serum (Invitrogen) and 1% penicillin and 

streptomycin (Life Technologies, Germany).  

3.6.6 Human Peripheral Mononuclear Cells (PMNC) 

The human peripheral mononuclear cells (PMNC) were isolated from fresh 

blood samples of a healthy donor by using Histopaque® (Sigma-Aldrich, St. Louis, 

MO, USA).  

3.7 Cytotoxicity Assays 

3.7.1 Resazurin Reduction Assay 

Resazurin reduction assay was performed to detect cytotoxicity. The assay 

depends on the reduction of resazurin to resorufin by viable cells (453). Non-viable 

cells lost their metabolic capacity which prevents transition of resazurin to resorufin 

and formation a blue staining. Briefly, aliquots of 0.5×104 adherent cells being 

allowed to attach overnight and 1×104 suspension cells per well were seeded in 96-

well-plates with or without the inclusion of varying concentrations of the drug to get 

a final volume of 200 µL/well. Following 72 h drug treatment of the cells with drugs, 

resazurin (Sigma-Aldrich, Taufkirchen, Germany) was put on the cells for 4 h and 

staining was measured by an Infinite M2000 ProTM plate reader (Tecan, Germany) 

using an excitation wavelength of 544 nm and an emission wavelength of 590 nm. 

Each assay was independently performed for at least three times, with six parallel 

replicates each. The protocol has been recently reported (454). Fifty percent 

inhibition concentrations (IC50) represent the drug concentrations required to inhibit 

50% of cell proliferation, which were fitted with nonlinear regression using 

GraphPad® Prism7.   

3.7.2 Protease Viability Marker Assay 

Protease viability marker assay was further performed to determine the 

cytotoxicity of aloe-emodin to eliminate any cross talk, since we observed aloe-

emodin to induce excessive ROS production in our researches and thus, it might 

affect the results of resazurin assay, which relies on redox system. The assay 
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measures the protease activity within living cells, the protease activity is restricted to 

intact viable cells and is measured using a flourogenic, cell permeant, peptide 

substrate (glyxyl-phenylalanyl-aminoflourocoumarin; GF-AFC). The substrate enters 

intact cells where it is cleaved by the live-cell protease activity to generate a 

fluorescent signal proportional to the number of living cells. Briefly, CCRF-CEM 

cells (2×104 cells/well) were seeded in 96-well plate. Aloe-emodin was added in a 

concentration dependent manner (0.001 – 100 µM). After 72 hours, 100 µl of GF-

AFC substrate (Promega, Madison, USA) was added to each well, cells were 

incubated for 30 minutes at 37 °C. Using Infinite M2000Pro™ plate reader (Tecan, 

Crailsheim, Germany), the fluorescent intensity was measured at excitation 

wavelength 400 nm, and emitted light was collected at 505 nm.  

3.8 Toxicity of Aloe-emodin in Normal Cells 

Using Histopaque® (Sigma-Aldrich, St. Louis, MO, USA), the human 

peripheral mononuclear cells (PMNC) were isolated from fresh blood samples of a 

healthy donor. In brief, six mL blood was layered with six mL Histopaque® and 

centrifuged (400  ×  g) for 30 min at 4 °C. The opaque interface, containing 

lymphocytes and other mononuclear cells, was transferred into a new tube and 

washed several times. Isolated PMNCs were kept in Panserin 413 medium (PAN-

Biotech, Aidenbach, Germany) supplemented with 2% phytohemagglutinin M 

(PHA-M, Life Technologies, Darmstadt, Germany).  

3.9 mRNA Microarray Gene Expression Profiling 

3.9.1 RNA Isolation 

CCRF-CEM cells were treated with IC50 value of aloe-emodin or DMSO for 

48 h. Total RNA was isolated by InviTrap Spin Universal RNA Mini kit (Stratec 

Molecular, Berlin, Germany) according to the manufacturer's instructions. RNA 

concentrations were detected by the nanodrop spectrophotometer (Thermo Fisher).  

3.9.2 Probe Labeling, Hybridization, Scanning and Data Processing 

The quality control of total RNA, probe labeling, hybridization, scanning and 
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data analysis was performed in the Genomics and Proteomics Core Facility at the 

German Cancer Research Center (DKFZ, Heidelberg, Germany). Details have been 

previously described (455). 

3.9.3 Data Analysis 

Chipster Analysis 

Chipster software for analyzing high-throughput data filtered microarray gene 

expression data. The Chipster software was used to filter the set of differentially 

expressed genes obtained from microarray hybridization (http://chipster.csc.fi/) by 

using Bayes t-test with a p value lower than 0.05. 

Ingenuity Pathway Analysis 

The filtered genes with fold-changes of more than 1-fold were selected for 

Ingenuity Pathways Analysis (IPA) Software (http://www.ingenuity.com/ Ingenuity 

Systems, Redwood City, CA, USA) to obtain profiles of genetic networks and 

signaling pathways.  

3.10 Real-time RT-PCR 

Primer sequences of HHEX, MCMDC2 and CRCP were designed using 

NCBI and GenScript Real Time PCR Primer Design (https://www.genscript.com/ssl-

bin/app/primer) websites. DUSP6, HHEX, MCMDC2 and CRCP primers were 

synthesized by Eurofins MWG Operon (Ebersberg, Germany) and their sequence 

specificities were checked by NCBI Primer-Blast. The reaction properties of primers 

were calculated by Eurofins genomics. The primer sequences were as follows: 

DUSP6, forward (5′–3′): CCTGAGGCCATTTCTTTCATAGA, reverse (5′–3′): 

GTCACAGTGACTGAGCGGCTAAT (456); HHEX, forward: 

TCTACTCTGGAGCCCCTTCT, reverse: GGTTTTGACCTGTCTCTCGC; 

MCMDC2, forward: TGCGGCTTCTAGACAGTTCA, reverse: 

GAGCTTGTTCTGATTCTGCG; CRCP, forward: 

GGGGAGAAGAAACATGGTGA, reverse: CCGTGGAGGAAATCTTTCAA. 

Total RNA was isolated by InviTrap Spin Universal RNA Mini kit (Stratec 
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Molecular) according to the manufacturer's instruction. One microgram RNA was 

converted to cDNA using RevertAid H Minus First Strand cDNA Synthesis Kit 

(Thermo Scientific). The mRNA levels were analyzed by using of 5Hot Start Tag 

EvaGreen® qPCR Mix (Axon Labortechnik, Kaiserslautern, Germany) and 

CFX384™ Real-Time PCR Detection System (Bio-Rad, Munich, Germany). RT-

PCR was performed with an initial denaturation at 95 °C for 10 seconds followed by 

40 cycles including strand separation at 95 °C for 15 s, annealing at 62 °C for 30 s 

and extension at 95 °C for 1 min. The GAPDH gene was used for normalization. 

Forward and reverse primer sequences of GAPDH were 

TGAAGGTCGGAGTCAACGGATTTGGT for forward and 

CATGTGGGCCATGAGGTCCACCAC for reverse, respectively (457).  

The quantification method was done as follow: 

Delta Ct = Ct gene test – Ct endogenous control   

Delta Delta Ct = ∆Ct sample1 – ∆Ct calibrator 

RQ = Relative quantification = 2-∆∆Ct   

The RQ is your fold change compared to the calibrator (untreated sample, time zero, 

etc.).  The calibrator has a RQ value of 1.  All samples are compared to the 

calibrator. (A RQ of 10 means that this gene is 10 times more expressed in sample x 

then in the calibrator sample.  A RQ of 0,1 means that the gene is 10 times less 

expressed).  

3.11 Detection of Reactive Oxygen Species by Flow Cytometry 

2′,7′-Dichlorofluorescin diacetate (H2DCFH-DA, Sigma-Aldrich) is a cell-

permeable non-fluorescent probe used to detect cellular ROS levels. In the presence 

of ROS, the compound is de-esterified intracellularly and converts into the highly 

fluorescent 2′,7′-dichlorofluorescein upon oxidation. Thus, it can be measured by 

flow cytometry (458). CCRF-CEM cells were re-suspended in PBS and incubated for 

30 min with H2DCFH-DA at a concentration of 2 µM. After washing with PBS, the 

cells were treated with DMSO as negative control, H2O2 and doxorubicin as positive 

controls or varying concentrations of aloe-emodin (0.5-, 1-, 2- and 4-fold IC50) for 1 

h. The results were assessed by a BD AccuriTM C6 flow cytometer (Becton 
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Dickinson) using FL-1 the channel (488 nm excitation). For each sample, 104 cells 

were counted. The protocol has been previously reported (459).  

3.12 Comet Assay 

The OxiSelectTM Comet Assay Kit (Cell Biolabs/Biocat, Heidelberg, 

Germany) was used to detect DNA damage according to the manufacturer's 

instructions. CCRF-CEM cells treated with IC50, 2×IC50 and 4×IC50 concentration of 

aloe-emodin in the culture medium for 24 h. Then, the cells were mixed with agarose 

and applied to OxiSelectTM Comet Assay slides. These slides including the 

embedded cells were treated with lysis buffer and alkaline solution. Subsequently, 

electrophoresis was performed on the slide with a voltage of 22 V for 30 min 

corresponding to 1 V/cm of the electrophoresis chamber.  These slides were washed 

with distilled water. After fixation with 70% ethanol, the slides were stained with by 

a fluorescent DNA binding dye.  

Then, the slides were photographed by a fluorescence microscope (EVOSs 

FL Cell Image System, Thermo Fisher Scientific Waltham, USA) using a FITC filter 

with an excitation wavelength of 490 nm and emission at 520 nm. At least 50 cells 

per image were randomly selected and analyzed with the OpenComet software 

(http://www.cometbio.org). Percentages of tail DNA, tail moment and olive moment 

were assessed as parameters for DNA damage. The statistical significance was 

determined by one-way ANOVA with Tukey’s multiple comparison test. 

3.13 Cell Cycle Analysis by Flow Cytometry 

CCRF-CEM cells (2×104 ) were treated with 0.5-, 1-, 2- and 4-fold IC50 

values of aloe-emodin, respectively for 6, 24, 48 or 72 h. The cells were collected, 

washed in PBS and fixed with ice-cold 96% ethanol. After washing the cells with 

PBS again, the cells were dissolved in PBS and stained with propidium iodide (PI, 

Sigma-Aldrich) at a final concentration of 50 µg/mL for 15 min in the dark. Cell 

cycle analyses were performed using a BD AccuriTM C6 Flow cytometer (Becton-

Dickinson, Heidelberg, Germany) at 488 nm excitation wavelength and emission was 

measured by a 610/20 nm band pass filter. All experiments were performed at least 

in triplicates. The protocol has been previosly reported (460). 
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3.14 Detection of Mitochondrial Membrane Potential by Flow 

Cytometry 

The JC-1 Mitochondrial Membrane Potential Assay Kit (Cayman Chemical, 

Ann Arbor, MI, USA) was applied for the detection of MMP by flow cytometry 

according to the manufacturer's instructions. The cationic dye, 5, 5', 6, 6'- 

tetrachloro- 1, 1', 3, 3'- tetraethylbenzimidazolylcarbocyanine iodide (JC-1) enters 

the mitochondria and changes its fluorescent properties based on the aggregation of 

the probe. In healthy cells having high MMP, JC-1 forms complexes known as J-

aggregates with intense red fluorescence. On the other hand, in cells with low MMP, 

JC-1 remains in its monomeric form showing green fluorescence (461). Aliquots of 

5×105 cells/ml were treated with DMSO as negative control, doxorubicin as positive 

control or IC50, 2×IC50 and 4×IC50 concentrations of aloe-emodin for 24 and 48 h. A 

LSR-Fortessa FACS analyzer (Becton–Dickinson) was used to detect the J-aggregate 

form of JC-1 with an excitation wavelength of 535 ± 20 nm and an emission 

wavelength of 590 ± 20 nm as well as the monomeric form of JC-1 at excitation and 

emission wavelengths of 485 and 535 nm, respectively. The results were analyzed by 

the FlowJo software (Celeza, Olten, Switzerland). 2×104 cells were counted for each 

experiment which were repeated in triplicate.  

3.15 Annexin V (AV) and Propidium Iodide (PI) Double Staining by 

Flow Cytometry 

A commercial annexin V/PI detection apoptosis kit was used to detect early 

apoptosis and necrosis according to the manufacturer’s instructions (Life 

Technologies, Carlsbad, CA, USA). Annexin V is a calcium-dependent 

phospholipid-binding protein, which binds to phosphatidylserine (PS). PS is 

predominantly located at the inner side of the plasma membrane under normal 

conditions and moves to outer surface of the membrane upon the onset of early 

apoptosis. This can be detected FITC-labeled annexin V. PI is a marker of late 

apoptosis and necrosis. We treated aliquots of 1×106 CCRF-CEM cells with 0.5-, 1-, 

2- and 4-fold IC50 values of aloe-emodin for 48, 72 or 96 h, respectively. After 

washing the cells with PBS, they were stained with annexin V/FITC at room 

temperature for 10-15 min. Subsequently, cells were washed again and stained with 



  110 

PI in the dark. Then, the results were analyzed by a BD AccuriTM C6 flow cytometer 

at excitation wavelength 488 nm and emission wavelength 530 nm to record annexin 

V/FITC signals. The fluorescence of PI was detected at 488 nm excitation and was 

measured by a 610/20 nm band pass filter. At least three independent experiments 

were performed. 

3.16 COMPARE and Hierarchical Cluster Analyses of Transcriptome-

Wide mRNA Expression in Untreated Cell Lines 

A panel of 60 cell lines from the National Cancer Institute (NCI), USA were 

used to perform COMPARE. Logarithmic IC50 values (log10IC50) of As2O3 have been 

deposited at the NCI database (http://dtp.cancer.gov/databases_tools/default.htm). 

The mRNA expression values of the NCI cell lines were determined via microarray 

analyses were deposited at the NCI website 

(http://dtp.cancer.gov/databasestools/default.htm) as well. These data were used to 

generate rank ordered lists of genes expressed in the NCI cell lines panel using 

COMPARE analyses (462). Briefly, the selected genes of the NCI microarray 

database were ranked for similarity of its mRNA expression values to the log10IC50 

values for aloe-emodin. 

Objects were categorized by determination of distances with regard to the 

closeness of between-individual distances to conduct hierarchical cluster analysis. 

All objects were assembled into dendrograms. Grouping of objects with similar 

properties provokes cluster formation. Distances of subordinate cluster branches to 

superior cluster branches serve as criteria for the closeness of clusters. Thus, objects 

with tightly related features were clustered closely, while separation of objects in the 

dendrogram increased with progressive dissimilarity. We applied the WARD method 

using the WinSTAT program (Kalmia, Cambridge, MA, USA). The protocol has 

been previously reported (463). 

The distribution of cell lines sensitive or resistant to the drug was calculated 

using the χ2 test. The χ2-test was performed to determine bivariate frequency 

distributions of pairs of nominal scaled variables. It was used to calculate 

significance values (p-values) and rank correlation coefficients (R-values) as relative 

measure for the linear dependency of two variables. This test was implemented into 
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the WinSTAT program (Kalmia Co.). The χ2-test determines the difference between 

each observed and theoretical frequency for each possible outcome, squaring them, 

dividing each by the theoretical frequency, and taking the sum of the results. To 

perform the χ2-test, the median log10IC50 value of all cell lines tested for the drug was 

used as cut-off to separate tumor cell lines as being ‘‘sensitive’’ or ‘‘resistant’’. 

3.17 Gene Promoter Binding Motif Analysis 

Binding motifs for transcription factors in the promoter sequences of genes 

were analyzed by the Cistrome analysis software (464). Briefly, genes of interest 

were retrieved in BED format from http://genome.ucsc.edu/cgi-bin/hgTables. SeqPos 

(http://cis- trome.org), was used to screen for enriched transcription factor binding 

motifs in gene promoter sequences. The screening was performed for motifs 

deposited in JASPAR database. The protocol has been previously reported (460). 

3.18 NF-κB Reporter Assay 

HEK293 cells stably expressing HEK-Blue-Null1 vector and SEAP (Secreted 

Embryonic Alkaline Phosphatase) on a NF-κB promoter were obtained from 

Invivogen (San Diego, CA, USA). The cells were cultured according to 

manufacturer’s recommendations and treated with various concentrations of aloe-

emodin (10, 50, 75, 100 µM), triptolide (1 µM) as positive control and DMSO as 

negative control for 24 h. NF-κB activation was detected by measuring SEAP 

spectrophotometrically at 630 nm upon Quanti Blue addition (Invivogen). The 

protocol has been previously reported (465). 

3.19 Molecular Docking 

Molecular docking was performed by Autodock4 and with AutodockTools-

1.5.7rc1 using lamarckian algorithm (466, 467). The three-dimensional structures of 

aloe-emodin and control drug triptolide were prepared as a PDB format by using 

Corina online Demo (https://www.mn-am.com/online_demos/corina_demo). The X-

ray crystallography-based structure of the targets were obtained from (PDB) 

(http://www.rcsb.org/pdb/home/home.do, PDB code: 3DO7, 1VKX, 3BRT, 3RZF). 

Initially, we conducted blind docking to identify possible pharmacophores. 
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Afterwards, defined docking was performed by setting a grid box based around the 

pharmacophores. Three independent docking calculations were examined with 250 

runs and 2.500.000 energy calculations. Lamarckian Genetic Algorithm was chosen 

for the docking calculations. Docking log (dlg) file ensured information of the lowest 

binding energy, the number of clusters and predicted inhibition constant (pKi). Mean 

± SD of binding energies were calculated from the independent dockings. AutoDock 

Tools and Visual Molecular Dynamics (VMD) were used to visualize docking 

results.  

3.20 Enzyme Inhibition Assays 

3.20.1 α-Amylase Enzyme Inhibition Assay 

Preliminary experiments on α-amylase activity were performed according to 

previously described methods (468) with slight modifications. For subsequent 

assays, equal volumes (100 µL) of extract and 100 µL of porcine pancreatic α-

amylase enzyme solution (25 U/mL) were incubated in plates at 25 °C for 10 min. 

Following, 1% starch solution in 20 mM sodium phosphate buffer (pH 6.9 with 6 

mM sodium chloride) was also added and incubated at 25 °C for a further 10 min. 

The reaction was stopped with the addition of 200 µL dinitrosalicyclic acid colour 

reagent. They all were incubated at 100 °C in a water bath for 5 min. Once samples 

had cooled to room temperature, 50 µL was removed from each well and transferred 

to the wells of 96-well microplate. The reaction mixture was diluted by adding 200 

µL of water to each well and absorbance was measured at 540 nm. Blank readings 

(i.e. no enzyme) were subtracted from each well and results were compared to the 

control. The pharmacological inhibitor, acarbose, was included as a positive control. 

The results were expressed as % inhibition of enzyme activity and calculated 

according to the following equation: 

% Inhibition= [(Acontrol-Asample)/ Acontrol] x 100 
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3.20.2 α-Glucosidase Enzyme Inhibition Assay 

α-glucosidase inhibitory activity was determined as previously described 

method (469) with slight modifications using a 96-well plate. Briefly, α-glucosidase 

was dissolved in 0.1 M potassium phosphate buffer (pH 6.9) (1 Unit/mL). This was 

used as the enzyme solution. The substrate, 3 mM of p-nitrophenyl-α-D-

glucopyranoside (pNPG) was prepared in the same buffer (pH 6.9). 10 µL enzyme 

solution and 50 µL phosphate buffer (0.1 M, PH 6.9) were added to each well, 

respectively. Following that, each sample (20 µL) were also added to the plate. The 

reaction was initiated by adding 20 µL substrate. The reaction mixture was incubated 

at 37 °C for 30 min. After incubation, 50 µL (0.1 M) sodium carbonate in 0.1 M 

potassium phosphate buffer (pH 6.9) was added to each well to quench the reaction. 

The amount of p-nitrophenol (pNP) released was quantified using a 96-well reader at 

405 nm. The control experiment contained the same reaction mixture, but the sample 

solution was replaced with the same volume of phosphate buffer. Acarbose was used 

as a positive control. Each assay was done at least twice with three replicate each. 

The percentage inhibition (%) was calculated by using the following equation: 

% Inhibition= -[(Acontrol- Asample)/ Acontrol] x 100, where Acontrol is the 

absorbance of the control and Asample is the absorbance of the sample. The IC50, 

which is the concentration of the sample required to inhibit the enzyme was 

determined for each sample. 

3.21 Statistical Analysis 

Data were shown as mean ± standard deviation. Each results were obtained 

from at least three independent experiments. In Comet assay, the statistical 

significance was determined by one-way ANOVA with Tukey’s multiple 

comparison test. 
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4. RESULTS 

 

4.1 Antioxidant Capacity Assays 

4.1.1 DPPH Radical Scavenging Activity 

Reducing activity of several root and herb extracts of Rumex acetosella were 

investigated against DPPH radical as well as ascorbic acid as a positive control. 

DPPH radical scavenging activities of chloroform, methanol, 70% methanol, ethanol 

and 70% ethanol extracts of both roots and herbs of R. acetosella in the 

concentration ranges of 25 to 500 µg/mL as well as ascorbic acid in the concentration 

ranges of 5 to 100 µg/mL were searched (Tables 4.1.-4.3.; Figures 4.1.-4.3.) and 

then evaluated based on their RC50 values (Table 4.4.). The methanol extract of the 

roots presented the best reducing activity with RC50= 67.94 µg/mL, while the herbal 

ethanol extract displayed the best reducing activity with RC50= 59.66 µg/mL against 

DPPH. In general, we observed herbal extracts were found to have better radical 

scavenging activity than those of root extracts in all concentrations.  
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Table 4.1. DPPH radical scavenging activity % of various root extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Root extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

25 3.5 ± 3.39 23.10 ± 2.21 16.70 ± 3.33 31.07 ± 2.12 22.63 ± 2.72 

50 8.55 ± 3.89 38.87 ± 2.34 30.80 ± 3.91 40.85 ± 3.43 23.35 ± 3.38 

100 12.1 ± 3.96 69.90 ± 3.35 54.07 ± 5.77 63.02 ± 0.15 41.97 ± 4.20 

200 17.5 ± 3.25 92.13 ± 0.42 81.43 ± 4.76 89.89 ± 0.36 84.24 ±2.41 

500 37.65 ± 0.21 93.07 ± 0.40 91.13 ± 0.55 92.14 ± 0.05 92.10 ± 0.10 

 

 

 

 
Figure 4.1. DPPH radical scavenging activity % of various root extracts of R. 
acetosella. 
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Table 4.2. DPPH radical scavenging activity % of various herbal extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Herbal extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

25 9.0 ± 4.34 21.57 ± 4.42 14.93 ± 1.90 19.58 ± 4.61 21.47 ± 2.91 

50 12.9 ± 4.11  38.57 ± 5.42 30.10 ± 1.75 42.98 ± 0.46 34.36 ± 2.48 

100 21.7 ± 2.82 65.93 ± 5.26 58.73 ± 4.87 79.28 ± 0.41 56.75 ± 0.61  

200 37.5 ± 3.32 90.03 ± 1.98 86.50 ± 3.96 91.74 ± 0.31  87.21 ± 1.38 

500 62.0 ± 2.90 93.30 ± 0.26 92.37 ± 0.15 92.71 ± 0.10 92.03 ± 0.20 

 

 

 

 
Figure 4.2. DPPH radical scavenging activity % of various herbal extracts of R. 
acetosella. 
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Table 4.3. DPPH radical scavenging activity % of ascorbic acid as a positive control. 

Ascorbic 
acid 

Concentration 
5 µg/mL 10 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL 

% radical 

scavenging 

activity 

15.60 ± 0.42 29.95 ± 4.17 81.05 ± 1.06 94.24 ± 0.15 94.35 ± 0.10 

 

 

 

 
Figure 4.3. DPPH radical scavenging activity % of ascorbic acid. 
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4.1.2 ABTS Radical Scavenging Activity 

ABTS+ radical scavenging activity of various root and herb extracts of 

Rumex acetosella with the concentration ranges of 50 to 800 µg/mL and trolox as a 

positive control with the concentration ranges of 0.78 to 25 µg/mL were investigated 

(Tables 4.5.-4.7.; Figures 4.4.-4.6.). The concentration of R. acetosella extracts and 

trolox required for 50% reduction (RC50) against ABTS radicals and are given in 

Table 4.8.. According to these results, methanol extracts of both roots and herbs of 

R. acetosella showed the best radical scavenging activity with the RC50 values of 70 

and 65.57 µg/mL, respectively among all studied extracts. In conclusion, herbal 

extracts displayed better ABTS scavenging activity than those of root extracts; 

however Trolox, used as a positive control, displayed the best radical scavenging 

activity in all in all with RC50= 6.21 µg/mL (Table 4.7. and Figure 4.6.). 
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Table 4.5. ABTS radical scavenging activitiy % of various root extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Root extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 8.80 ± 3.11 42.51 ± 1.82 28.05 ± 4.60 3.86 ± 0.00 11.67 ± 2.21 

100 22.65 ± 4.07 61.24 ± 2.44 47.15 ± 3.61 41.08 ± 6.35 52.08 ± 4.83 

200 36.55 ± 4.00 80.21 ± 4.47 82.95 ± 4.88 76.43 ± 2.95 77.19 ± 4.49 

400 44.40 ± 5.52 88.30 ± 2.30 87.00 ± 2.40 89.40 ± 1.08 89.90 ± 0.07 

800 54.85 ± 5.13 90.10± 1.20 87.50 ± 2.12 90.59 ± 0.12 90.73 ± 0.66 

 

 

 

 
Figure 4.4. ABTS radical scavenging activity % of various root extracts of R. 
acetosella. 
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Table 4.6. ABTS radical scavenging activitity % of various herbal extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Herb extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 10.67 ± 4.65 41.63 ± 2.75 24.75 ± 3.04 17.92 ± 0.30 33.65 ± 1.99 

100 20.97 ± 5.66 68.50 ± 2.51 53.15 ± 3.18  77.71 ± 0.29 73.13 ± 3.98 

200 32.53 ± 1.96 86.97 ± 1.97 83.10 ± 1.98 86.04 ± 0.27 88.54 ± 1.03 

400 61.63 ± 1.59 89.77 ± 2.87 89.40 ± 0.85 90.21 ± 0.29  90.63 ± 0.00 

800 83.57 ± 3.21 89.70 ± 2.55 90.60 ± 1.56 90.52 ± 0.15 90.63 ± 0.00 

  

 

 

 

Figure 4.5. ABTS radical scavenging activity % of various herbal extracts of R. 
acetosella. 
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 Table 4.7. ABTS radical scavenging activity % of trolox as a positive control. 

Trolox  Concentration (µg/mL)  
0.78 µg/mL 1.56 µg/mL 3.125 µg/mL 6.25 µg/mL 12.5 µg/mL 25 µg/mL 

% radical 
scavenging 

activity 
35.43 ± 1.77 37.58± 3.98 42.32 ± 4.57 50.07 ± 0.88 64.49 ± 4.57 91.28 ± 0.10 

 

 

 

 

Figure 4.6. ABTS radical scavenging activity of trolox. 
 

 

 

Table 4.8. The concentration of R. acetosella extracts and trolox required for 50% 
reduction (RC50) against ABTS radicals. 
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4.1.3 NO Scavenging Activity 

NO2
- scavenging activity of various root and herb extracts of Rumex 

acetosella and ascorbic acid with the concentration ranges of 50 to 800 µg/mL were 

investigated Chloroform extracts of the roots did not scavenge NO2
-. Hoowever the 

the remaining extracts showed scavenging effects in a dose dependent manner and 

displayed better activity than positive control ascorbic acid (Tables 4.9.-4.11.; 

Figures 4.7.-4.9.). Specificially, ethanol extract of the herbs showed the best 

scavenging activity with RC50= 208.61 µg/mL among all and the ethanol extract of 

the roots followed with the RC50 value of 280 µg/mL (Table 4.12.). 

Table 4.9. NO radical scavenging activity % of various root extracts of R. acetosella. 
Concentration 

(µg/mL) 
 Root extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 - 2.95 ± 0.34 1.40 ± 0.10 13.28 ± 1.14 - 

100 - 9.68 ± 2.60 8.81 ±0.75 28.80 ± 0.91 30.70 ± 0.60 

200 - 29.86 ± 1.16 22.89 ± 0.17 44.42 ± 1.06 45.12 ± 0.10 

400 - 50.73 ± 0.00 38.82 ± 0.27 58.36 ± 1.48  54.81 ± 0.57 

800 - 56.82 ± 1.10 39.45 ± 0.17 69.00 ± 1.01  62.25 ± 0.13 

  

 

 
Figure 4.7. NO radical scavenging activity % of various root extracts of R. 
acetosella. 
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Table 4.10. NO radical scavenging activities % of various herbal extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Herbal extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 9.50 ± 2.12 12.90 ± 2.55 11.75 ± 2.47 4.48 ± 0.83 3.30 ± 3.53 

100 12.60 ± 1.56 22.25 ± 1.34 20.10 ± 0.99 17.61 ± 3.11 22.52 ± 1.25 

200 19.10 ± 5.52 37.70 ± 3.82 33.55 ± 3.61 49.23 ± 3.01 43.69 ± 2.02 

400 20.20 ± 6.08 54.00 ± 0.00 53.05 ± 1.34 67.13 ± 1.56 54.11 ± 1.61 

800 21.05 ± 2.47 54.50 ± 0.99 55.20 ± 1.98 75.28 ± 0.31 71.46 ± 1.04 

 

 

 

 
Figure 4.8. NO radical scavenging activity % of various herbal extracts of R. 
acetosella. 

 
 
 
 
 
 
 
 
 
 
 
 
 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Chloroform Methanol 70% methanol Ethanol 70% ethanol 

%
 r

ad
ic

al
 sc

av
en

gi
ng

 a
ct

iv
ity

 

Herbal extracts of R. acetosella 

50 µg/mL 

100 µg/mL 

200 µg/mL 

400 µg/mL 

800 µg/mL 



  124 

Table 4.11. NO radical scavenging activity % of ascorbic acid as a positive control. 

Ascorbic 
acid 

Concentration 
50 µg/mL 100 µg/mL 200 µg/mL 400 µg/mL 800 µg/mL 

% radical 

scavenging 

activity 

8.98 ± 5.23 13.95 ± 4.38 23.40 ± 0.15 41.82 ± 5.95 46.49 ± 2.97 

 

 

 
Figure 4.9. NO radical scavenging activity % of ascorbic acid. 
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4.1.4 The Phosphomolybdate Antioxidant Assay 

The total antioxidant assay is based on reduction of phosphate-molybdenum 

(VI) to phosphate-molybdenum (V). The incubation of extracts with the 

molybdenum (VI) will tell us the presence of antioxidant components in the extract, 

which can be assessed by recording the absorbance at 765 nm to detect the reduced 

green molybdenum complex. Absorbances of root and herb extracts of Rumex 

acetosella as well as ascorbic acid increased in a dose dependent manner (Tables 

4.13.-4.15.), indicating accelerating total antioxidant capacity. 

Total antioxidant capacity was evaluated based on ascorbic acid (Figure 4.10.) 

and as an expression of ascorbic acid equivalent (AEE) each extract presented. In 

roots, 70% ethanol extracts presented the highest ascorbic acid equivalent (422.6 mg 

AEE/g extract) (Table 4.16., Figure 4.11.), while in herbs methanol extracts 

presented 324.03 AEE/g extract (Table 4.17., Figure 4.12.). 

Table 4.13. Absorbances of various root extracts of R. acetosella at 765 nm. 
Concentration 

(µg/mL) 
Root extracts of R. acetosella  

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 0.1345 ± 0.01 0.182 ± 0.01 0.2065 ± 0.01 0.172 ± 0.12 0.2835 ± 0.00 

100 0.148 ± 0.00 0.196 ± 0.01 0.24 ± 0.01 0.182 ± 0.08  0.2925 ± 0.00  

200 0.28 ± 0.01 0.218 ± 0.02 0.262 ± 0.02 0.206 ± 0.04  0.3425 0.02 

400 0.285 ± 0.01 0.373 ± 0.07 0.2795 ± 0.01 0.2835 ± 0.01 0.419 ± 0.02 

800 0.301 ± 0.00 0.393 ± 0.06 0.394 ± 0.01 0.438 ± 0.02 0.5375 ± 0.01 

Table 4.14. Absorbances of various herbal extracts of R. acetosella at 765 nm. 
Concentration 

(µg/mL) 
Herbal extracts of R. acetosella  

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 0.209 ± 0.10 0.2005 ± 0.07 0.1925 ± 0.09 0.1495 ± 0.01 0.138 ± 0.01 

100 0.2245 ± 0.01 0.2225 ± 0.05 0.225 ± 0.10 0.1525 ± 0.00  0.151 ± 0.01 

200 0.31 ± 0.14 0.2975 ± 0.04 0.2625 ± 0.05 0.154 ± 0.00 0.185 ± 0.02 

400 0.345 ±  0.03 0.348 ± 0.07 0.2775 ± 0.01 0.2275 ± 0.00 0.2555 ± 0.01 

800 0.355 ± 0.02 0.3615 ± 0.11 0.3795 ± 0.15 0.339 ± 0.00 0.347 ± 0.01 
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Table 4.15. Absorbance of ascorbic acid at 765 nm. 

Ascorbic 
acid 

Concentration 
50 µg/mL 100 µg/mL 200 µg/mL 400 µg/mL 800 µg/mL 

Absorbance at 

765 nm 
0.1792 ± 0.06 0.375 ± 0.10 0.511 ± 0.11 0.6804 ± 0.08 1.6054 ± 0.12 

 

 

 

 
Figure 4.10. Total antioxidant capacity of ascorbic acid. 
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Table 4.16. Total antioxidant capacities of various root extracts of R. acetosella 
equivalent to ascorbic acid. 

mg AEE/g 
extract 

 Root extracts of R. acetosella 
CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 
236.5 359.2 228.9 234.4 422.6 

 

 

 

 
Figure 4.11. Total antioxidant capacities of various root extracts of R. acetosella 
equivalent to ascorbic acid (mg AEE/g extract). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

Chloroform Methanol 70% methanol Ethanol 70% ethanol 

m
g 

as
co

rb
ic

 a
ci

d 
eq

ui
va

le
nt

/g
 d

ry
 e

xt
ra

ct
 

Root extracts 



  128 

Table 4.17. Total antioxidant capacities of various herbal extracts of R. acetosella 
equivalent to ascorbic acid. 

mg AEE/g 
extract 

 Herb extracts of R. acetosella 
CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 
319.9 324.03 226.1 156.7 195.6 

 

 

 

 
Figure 4.12. Total antioxidant capacities of various herbal extracts of R. acetosella 
equivalent to ascorbic acid (mg AEE/g extract). 
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4.2 Structural Determination of The Isolated Phytochemicals  

4.2.1  (E)-Piceid 

 
Figure 4.13. Structure of (E)-Piceid. 

The data about (E)-piceid was expressed in Table 4.18. in the next page. 
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Table 4.18. The data about (E)-Piceid. 

Molecular formula C20H22O8 

Synonyms 3,4',5-trihydroxystilbene-3-β-glucoside 
3-hydroxy-5-(p-hydroxystyryl)phenyl 
glucoside 
3-hydroxy-5-[(E)-2-(4-hydroxyphenyl) 
ethenyl]phenyl β-D-glucopyranoside 
3-Hydroxy-5-[(E)-2-(4-hydroxyphenyl) 
vinyl]phenyl β-D-glucopyranoside  
3-Hydroxy-5-[(E)-2-(4-hydroxyphenyl) 
vinyl]phenyl-β-D-glucopyranoside 
3-Hydroxy-5-[2-(4-hydroxyphenyl) 
ethenyl]phenyl-β-D-glucopyranoside 
Piceid 
Polydatin 
Resveratrol-3-β-mono-D-glucoside 
trans-piceid 
β-D-glucopyranoside-3-hydroxy-5-[(E)-
2-(4-hydroxyphényl)vinyl]phényle 
β-D-glucopyranoside, 3-hydroxy-5-(2-(4 
hydroxyphenyl)ethenyl)phenyl 
β-D-glucopyranoside, 3-hydroxy-5-[(E)-
2-(4-hydroxyphenyl)ethenyl]phenyl 

Molecular weight 390.384 g/mol 

IR (ATR) ν (cm–1) 3533 – 3050, 2928, 1620, 1513, 1433, 
1173, 1076, 1023, 944 

MS (ESI) m/z [M+Na]+ 413.1213  

[α]D
22 –39.3° (MeOH, c = 0.54) 

1H NMR Figure 4.14. 
Table 4.19. 

13C NMR Figure 4.15. 
Table 4.19. 

COSY Figure 4.16. 

HMQC Figure 4.17. 
Table 4.19. 

HMBC Figure 4.18. 
Table 4.19. 
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Compound 1 was isolated as an amorphous and white powder. In case of 

application to TLC plate, no colour was observed before reagent spraying; but 

floresans inhibiting zones under UV 254 nm and blue floresans under UV 366 nm 

were monitored. Following Vanilin/H2SO4 reagent spraying and Vanilin/H2SO4 

sprayed-plate to be heated up to 110 °C, dark blue/ purple spots were detected. The 

substance was elucidated on the basis of spectroscopic data such as IR, NMR  and 

mass spectrometry. 

IR spectrum of the compound 1 pointed out presence of aromatic C=C (1513, 

1433 cm-1), aromatic C-H (3050-3100 cm-1), alkene C=C (1620 cm-1), alkene C-H 

(3080-3140 cm-1), C-H (2928 cm-1), C-C (944, 1023 cm-1), O-H (3300-3533 cm-1) 

and C-O (1076, 1173 cm-1) functions. 
1H-NMR indicated number of H signals and chemical shifts of H atoms in the 

molecule based on their different magnetic environments and gave information about 

their magnetic environments. When 1H-NMR spectrum was analysed, H atom signals 

in the aromatic field of the spectrum integrating 1 H in their carbons were detected as 

follows at 7.42 (d, 1H, H-2'), 7.37 (d, 1H, H-6'), 6.78 (d, 1H, H-3'), 6.73 (d, 1H, H-

5'), 6.72 (d, 1H, J = 1.8 Hz, H-2), 6.55 (d, 1H, H-6), 6.32 (d, 1H, J = 1.8 Hz, H-4) 

ppm (Table 4.19, Figure 4.14.). 

A proton signal at 4.79 ppm splitting into two peaks as doublet with 7.7 Hz 

coupling constant (J) is an anomeric proton. 7.7 Hz of J value indicated that sugar 

molecule is in β configuration. The other proton signals in the sugar molecule were 

ranged from δH 3.15 to δH 3.72 ppm. H atoms bounded with O atoms (-OH) were 

also detected in NMR spectrum, which were observed at 5.04 (s, OH-4''), 5.11 (s, 

OH-3''), 5.29 (d, J = 4.8 Hz, OH-2''), and 4.64 (t, J = 5.8 Hz, OH-6'') ppm. δH of H 

atoms in sugar molecule were detected at 4.79 (d, J = 7.7 Hz, H-1''), 3.20 (td, J = 8.4, 

4.8 Hz, H-2''), 3.26 (t, J = 8.9 Hz, H-3''), 3.15 (t, J = 9.4 Hz, H-4''), 3.31 (ddd, J = 

9.4, 5.8, 2.1 Hz, H-5''), 3.72 (dd, J = 11.8, 2.1 Hz, H-6''α) and 3.48 (dd, J = 11.8, 5.8 

Hz, H-6''β). H-6" protons with J = 11.8, 2.1 Hz (H-6''α) and 11.8, 5.8 Hz (H-6''β) 

coupling constants as well as H-1'' at 4.79 ppm with J = 7.7 Hz coupling constant 

give rise to thought the structure to include β-glucose. Signals of H atoms bounded 

with O atoms in the aromatic rings were displayed at 9.49 (s, -OH-5) and 9.56 (s, -

OH-4') ppm, as well. 
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13C-NMR spectrum (Table 4.19; Figure 4.15.) showed the presence of 6 

carbon atoms in the sugar molecule as well as other carbon atoms in the molecule. δC 

of C atoms in the sugar molecule were detected as 100.7 (anomeric C, C-1''), 73.3 

(C-2''), 76.7 (C-3''), 69.8 (C-4''), 77.2 (C-5'') and 60.7 ppm (C-6''). Both δC and δH 

values for sugar molecule indicated that the sugar moiety is a hexose and a 

comparison with previous data, identified the hexose unit as β-glucose (401, 473). 

7.42 (d, H-2'), 6.78 (d, H-3'), 6.73 (d, H-5') and 7.37 (d, H-6') are assigned to a 

AA'XX' system of a 1-4 disubstituted aromatic ring; three doublets at δ 6.72, 6.32, 

6.55 are assigned to three meta related protons of a 1, 3, 5-trisubstituted aromatic 

ring and two doublets (δ 6.86 and 7.03) with a large coupling constant (J= 16.3 Hz) 

show a trans olefinic proton system. These signals are consistent with a trans stilbene 

system substituted by a glucoside.  

δC of alkene carbon signals were detected at 125.2 (C-7) and 128.6 ppm (C-

8), respectively. δC of aromatic C atoms’ signals were ranged from 102.7 to 158.9 

ppm. δC of C-5 (158.4 ppm) and C-4' (157.4 ppm) revealed that they may be 

connected with OH groups due to their chemical shifts in high frequencies. 

Based on Cosy (COrrelation SpectroscopY) spectrum, all H signals coupling 

with each other in glucose molecule were displayed based on anomeric H at C-1''. 

Furthermore, 1H-1H couplings in aromatic rings were clearly detected (Figure 4.16.). 
1H-13C heteronuclear multiple-quantum correlation (HMQC) spectrum 

pointed out protons attaching to their relating carbon atoms. H atoms in hexose 

molecule and aglycone connected with their relating carbons were shown in Figure 

4.17.. 
1H-13C heteronuclear multiple-bond correlation (HMBC) spectrum gave 

information about the relationships between protons and carbons in a structure. As 

seen in HMBC spectrum (Figure 4.18.), there was a long range coupling between the 

anomeric proton of β-glucose H-1'' and C-3, indicating the linkage of the glucose 

unit on C-3. Furthermore, the relationships between H-2' and H-6' with C-4', H-8 

with C-1, C-2' and C-6', H-7 with C-6, C-1, C-2, C-2' and C-6', H-3' and H-5' with C-

2' and C-6', H-2 with C-4, C-5, C-6, C-7, H-6 with C-2, C-4, C-5 and C-7, H-4 with 

C-2, C-3, C-5 and C-6, H-5'' with C-1'', H-3'' with C-2'' and C-4'', H-2'' with C-1'', C-

3'' and C-5'', H-4'' with C-3'', C-5'' and C-6'' were also observed (Figure 4.18.). The 
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long range coupling of H-7 and H-8 with their relating C atoms pointed their linked 

aromatic rings.  

Following the analysis of NMR spectra, molecular formula of the compound 

was detected as C20H22O8, which was further confirmed by HR-MS (ESI) m/z as 

[M+Na]+ 413.1213 (Table 4.18.).  

Our spectroscopic data (Table 4.19.) were in consistent with those previously 

indicated in the literature (401, 473). Therefore, based on the spectroscopic data and 

literature comparison, compound 1 was elucidated as (E)-piceid (Figure 4.13.).  
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Table 4.19. 1H- and 13C-NMR spectroscopic data of (E)-piceid (DMSO-d6, 1H: 600 
MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 139.4 - 
2 CH 6.72 (d, 1.8) 104.7 C-4, C-5, C-7 
3 C - 158.9 - 
4 CH 6.32 (d, 1.8) 102.7 C-2, C-3, C-5, C-6 
5 C - 158.4 - 
6 CH 6.55 (d, 1.8) 107.2 C-2, C-4, C-5, C-7 
7 CH 6.86 (d, 16.3) 125.2 C-1, C-2, C-6, C-2', 

C-6' 
8 CH 7.03 (d, 16.3) 128.6 C-1, C-2', C-6' 
1' C - - - 
2' CH 7.42 (d) 128.0 C-8, C-4' 
3' CH 6.78 (d) 115.6 C-4' 
4' C - 157.4 - 
5' CH 6.73 (d) 115.6 C-4' 
6' CH 7.37 (d) 128.0 C-8, C-4' 
1'' CH 4.79 (d, 7.7) 100.7 C-3 
2'' CH 3.20 (td, 8.4, 4.8)   73.3 C-1'', C-3'', C-5'' 
3'' CH 3.26 (t, 8.9)   76.7 C-2'', C-4'' 
4'' CH 3.15 (t, 9.4)   69.8 C-3'', C-5'', C-6'' 
5'' CH 3.31 (ddd, 9.4, 5.8, 2.1)   77.2 C-1'' 
6'' CH2 3.72 (dd, 11.8, 2.1) 

3.48 (dd, 11.8, 5.8) 
  60.7 C-2'', C-3'', C-4'', C-

5'' 
5 OH 9.49 (s) - - 
4' OH 9.56 (s) - - 
2'' OH 5.29 (d, 4.8) - - 
3'' OH 5.11 (s) - - 
4'' OH 5.04 (s) - - 
6'' OH 4.64 (t, 5.8) - - 
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4.2.2 Ethanone,1-[2-(β-glucopyranosyloxy)-4-hydroxy-6-

methylphenyl)]  (Compound 2, named as acetoselloside) 

 
Figure 4.19. Structure of acetoselloside (ethanone, 1-[2-(β-

glucopyranosyloxy)-4-hydroxy-6-methylphenyl]). 

The data about acetoselloside was expressed in Table 4.20. below. 

Table 4.20. The data about acetoselloside. 

Molecular formula C15H20O8 

Molecular weight 328 g/mol 

MS (ESI) m/z: [M+Na]+ 351.1047 

IR (ATR) ν (cm–1) 3650 – 3000, 2928, 1654, 1605, 1464, 
1328, 1258, 1173, 1077 

1H NMR Figure 4.20. 
Table 4.21. 

13C NMR Figure 4.21. 
Table 4.21. 

COSY Figure 4.22. 

HMQC Figure 4.23. 
Table 4.21. 

HMBC Figure 4.24. 
Table 4.21. 
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Compound 2 was isolated as an amorphous and colourless solid. When 

applied to TLC plate, light yellow spot was observed at daylight before reagent 

spraying. Additionally, the spot having fluorescence inhibiting zones under UV 254 

nm and blue fluorescence under UV 366 nm were monitored. After Vanilin/H2SO4 

sprayed and the plate to be heated up to 110 °C, a dark blue spot was detected. The 

structure of the substance was identified based on the spectroscopic data (IR, NMR 

and mass spectroscopy). 

IR spectrum of the compound 2 pointed out the presence of aromatic C=C 

(1464, 1605 cm-1), aromatic C-H (3000-3100 cm-1), alkane C-H (1328, 2928 cm-1), 

C-C (944, 1023 cm-1), O-H (3300-3650 cm-1), C-O (1077, 1173 cm-1), and C=O 

(1654 cm-1) functions. 

Based on the data obtained from 1H-NMR spectrum (Figure 4.20.), H atoms 

in the aromatic field of the spectrum with their integrating proton signals were 

detected at δH 6.42 (d, J = 2.0 Hz, 1H, H-3) and 6.27 (d, J = 2.0 Hz, 1H, H-5), while 

other proton signals were detected at δH 5.29 (d, J = 5.4 Hz, 1H, H of OH in C-2'-

OH), 5.11 (s, 1H, H of OH in C-3'-OH), 5.05 (s, 1H, H of OH in C-4'-OH), 4.83 (d, J 

= 7.7 Hz, 1H, H-1'), 4.56 (s, 1H, H of OH in C-6'-OH), 3.68 (dd, J = 11.9, 2.1 Hz, 

1H, H-6'), 3.48 (dd, J = 11.9, 5.4 Hz, 1H, H-6'), 3.31 – 3.23 (2H, for both H-3' and 

H-5'), 3.23 – 3.15 (2H, for both H-2' and H-4'), 2.43 (s, 3H, H-8), 2.08 (s, 3H, H 

atoms of Me in C-6-Me).  

A proton signal at 4.83 ppm splitting into two peaks as doublet with 7.7 Hz 

coupling constant (J) is an anomeric proton. 7.7 Hz of J value indicated that sugar 

molecule is in β configuration. The other protons’ signals in the sugar molecule were 

ranged from δH 3.15 to δH 3.68 ppm. Signals of the H atoms connecting to O atoms (-

OH) were also detected in the NMR spectrum as indicated above. H atom signals in 

the aromatic ring were detected at 6.27 and 6.42 ppm. 
13C-NMR spectrum (Table 4.21; Figure 4.21.) showed the presence of 15 

carbon atoms in the structure, 6 of which belong to a sugar molecule. δC of the 

signals of the C atoms in the sugar molecule were noted at 100.5 (anomeric C, C-1'), 

73.3 (C-2'), 76.8 (C-3'), 69.5 (C-4'), 77.1 (C-5') and 60.6 ppm (C-6'), which was quite 

similar to the data of a glucose molecule indicated in the literature (400, 470, 471). 

δC and δH values pointed out that the sugar unit is a hexose and a literature survey 
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revealed that its structure is identical to β-glucose. IR spectrum supported the 

proposed the structure of 2 expressing the signals indicating the presence of an 

aromatic ring, and broad OH signals as well as signals attributed to carbonyl and 

alkane groups, thus it was assumed that the structure of compound 2 might be a 

member of ethanone derivative. δC of the aromatic C atom signals were ranged from 

99.9 to 159.2. δC of the C signals at 1st, 2nd, 4th and 6th positions in the aromatic ring 

were observed at downfield region indicating that the aromatic ring carries 

substitutions at those C atoms. Particularly C-4 and C-2 signals with higher chemical 

shifts pointed that that they might be connected with O-containing groups such as 

OH and O-glucoside.  

In the COSY spectrum, all H signals coupled with each other in glucose 

molecule were clearly displayed following with the detection of anomeric proton at 

C-1'. Furthermore, 1H-1H couplings in the aromatic rings were clearly observed. 

Couplings of H-3 with H-5, H-3 with H atoms of Me in C-6-Me, H-5 with H atoms 

of Me in C-6-Me were also detected (Figure 4.22.). 

HMQC spectrum indicating H atoms and their binding carbons in the 

structure were shown in Figure 4.23.. 

HMBC showing the relationships between protons and carbons pointed out a 

long-range coupling between anomeric proton of β-glucose and C-2 indicating β-

glucose substitution at C-2 in the aromatic ring. Furthermore, the relationships of H-

3 with C-1, C-2, C-4 and C-5, H-5 with C-1, C-3, C-4 and C of Me in C-6-Me, H-6' 

with C-4', H-5' with C-2', C-3' and C-4', H-3' with C-1', C-2', C-4' and C-5', H-2' with 

C-1', H-4' with C-3', C-5' and C-6', H-8 with C-7, H atoms of Me in C-6-Me with C-

1, C-2, C-5 and C-6 were also detected (Figure 4.24.). 

Following the analysis of NMR spectra, molecular formula of the compound 

was detected as C15H20O8, which was further confirmed by HR-MS (ESI) m/z as 

[M+Na]+ 351.1047 (Table 4.20.).  

Spectroscopic data (Table 4.21.) of compound 2 were checked in the 

literature, however not any substance with those data was found. Therefore, 

compound 2 was identified as a new compound and named as acetoselloside (Figure 

4.19.). 
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Table 4.21. 1H- and 13C-NMR spectroscopic data of acetoselloside (DMSO-d6, 1H: 
600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 122.5 - 
2 C - 156.4 - 
3 CH 6.42 (d, 2.0)   99.9 C-1, C-2, C-4, C-5 
4 C - 159.2 - 
5 CH 6.27 (d, 2.0) 111.0 C-1, C-3, C-4, C6-Me 
6 C - 137.1 - 
7 C - 203.4 - 
8 CH3 2.43 (s)   32.7 C-7 
1' CH 4.83 (d, 7.7) 100.5 C-2 
2' CH 3.23 – 3.15†    73.3 C-1' 
3' CH 3.31 – 3.23†   76.8 C-1', C-2', C-4', C-5' 
4' CH 3.23 – 3.15†    69.5 C-3', C-5', C-6' 
5' CH 3.31 – 3.23†    77.1 C-2', C-3', C-4' 
6' CH2 3.68 (dd, 11.9, 2.1)   60.6 C-4' 

 3.48 (dd, 11.9, 5.4)   
2'-OH OH 5.29 (d, 5.4) - - 
3'-OH OH 5.11 (s) - - 
4'-OH OH 5.05 (s) - - 
6'-OH OH 4.56 (s) - - 
C-6-Me CH3 2.08 (s)   19.6 C-1, C-2, C-5, C-6 

†: Coupling constant (J) were not calculated due to overlap of signals. 
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4.2.3 Lyoniside  

 

Figure 4.25. Structure of lyoniside. 

The data about lyoniside was expressed in Table 4.22. below. 

Table 4.22. The data about lyoniside. 

Molecular formula C27H36O12 

Synonyms (+)-Lyoniside 

Molecular weight 552.6 g/mol 

IR (ATR) ν (cm–1)  3550 –3050, 2934, 2851, 1611, 1515, 
1462, 1324, 1221, 1113, 1047, 1025, 994 

MS (ESI) m/z: [M+Na]+ 575.2093 
1H NMR Figure 4.26. 

Table 4.23. 
13C NMR Figure 4.27. 

Table 4.23. 
COSY Figure 4.28. 

HMQC Figure 4.29. 
Table 4.23. 

HMBC Figure 4.30. 
Table 4.23. 

O

OH

O

O

HO

O

OH

O
O

HO
OH
OH

CH3CH3

H3C

CH3
1 

2 

3 

4 5 

6 

7 
8 2α 

3α 
1'  

2'  

3'  

4'  

5'  

6'  

4a  

8a  

1''  2''  3''  

4''  5''  



  150 

Compound 3 was isolated as an amorphous and yellow solid. Following TLC 

application, a dark spot under UV 254 nm and blue floresans under UV 366 nm were 

monitored. After Vanilin/H2SO4 sprayed and Vanilin/H2SO4 sprayed-plate heated up 

to 110 °C, a dark blue spot was detected. The structure of the substance was 

identified based on the spectroscopic data (IR, NMR and mass spectroscopy). 

IR spectrum of the compound 3 pointed out the presence of aromatic C=C 

(1462, 1515, 1611 cm-1), aromatic C-H (3050-3100 cm-1), alkane C-H (2934, 2851 

cm-1), alkane C-C (994, 1025 cm-1), O-H (3200-3550 cm-1), C-O (1047, 1113 cm-1), 

and ether C-O-C (1221 cm-1) functions. 

In the analysis of 1H-NMR spectrum, H atom signals in the aromatic field 

integrating 1 H were detected at 6.53 (s, H-8) and 6.32 ppm (s, 1H for both H-2' and 

H-6'). The other proton signals were detected at dH 5.20 (d, J = 4.9 Hz, 1H, H of OH 

in C-2''-OH ), 5.06 (d, J = 4.3 Hz, 1H, H of OH in C-4''-OH), 5.00 (d, J = 4.9 Hz, 1H, 

H of OH in C-3''-OH), 4.48 (t, J = 5.1 Hz, 1H, H of OH in CH2-OH), 4.25 (d, J = 6.6 

Hz, 1H, H-4), 4.10 (d, J = 7.7 Hz, 1H, H-1''), 3.76 (s, 3H, H atoms of Me in C-7-

OMe), 3.73 – 3.64 (2H, H-3α), 3.53 (s, 3H for both H atoms in C-3'-OMe and C-7'-

OMe), 3.52 – 3.44 (2H, H-2α), 3.22 (s, 3H, H atoms of Me in C-5-OMe), 3.30 – 3.24 

(1H, H-3''), 3.13 – 3.08 (1H, H-4''), 3.04 – 2.98 (1H for both H-2'' and H-5''), 2.65 – 

2.57 (1H, H-1), 1.94 – 1.86 (1H, H-3), 1.50 ppm (dt, J= 11.4, 7.7 Hz, 1H, H-2). 

(Table 4.23 and Figure 4.26.). 

A proton signal at 4.10 ppm splitting into two peaks as doublet with 7.7 Hz 

coupling constant (J) is an anomeric proton. 7.7 Hz of J value indicated that sugar 

molecule is in β configuration. The other proton signals in the sugar molecule were 

ranged from δH 2.98 to δH 3.73 ppm. Signals belonging H atoms in OH groups of 

sugar molecule were also detected in the NMR spectrum as indicated above. H atom 

signals in aromatic rings were detected at 6.53 (H-8) and 6.32 (H-2'/6') ppm at high 

frequency, while –OMe groups were detected at lower frequency following as 3.76 

(s, 3H, H atoms of Me in C-7-OMe), 3.53 (s, 3H for both H atoms in C-3'-OMe and 

C-7'-OMe) and 3.22 ppm (s, 3H, H atoms of Me in C-5-OMe). 
13C-NMR spectrum (Figure 4.27.) presented 27 carbon atom signals in the 

structure, 5 of which belong to the sugar molecule (pentose). δC of C atoms in the 

sugar molecule were monitored at 104.10 (anomeric C, C-1''), 73.31 (C-2''), 69.61 
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(C-3''), 76.85 (C-4'') and 65.68 (C-5'') ppm, which were quite similar to the data of 

xylose indicated in the literature (472-474). Therefore based on the δC and δH values 

pentose unit was identified as β-xylose. IR spectrum confirmed the structure to 

include aromatic rings, alkane groups. δC of aromatic C atoms were ranged from 

105.86 to 147.5. C atom signals at the position of C-5, 6, 7, 1', 3', 4' and 5' in 

aromatic rings were observed at downfield region indicating aromatic rings are to be 

substituted at those C atoms. In addition due to 2D-NMR spectra (COSY, HMQC 

and HMBC), the structure of compound 3 was assumed to be a member of lignan 

derivative as explained in details below.  

According to COSY spectrum, all H signals coupling with each other in the 

xylose molecule were displayed following the detection of anomeric proton at C-1''. 
1H-1H couplings of H-1 with H-2, H-2 with H-3 and H-3 with H-4 were clearly 

monitored. Furthermore, couplings of H-3 with H-3α, H-2 with H-2α were also 

detected (Figure 4.28.). 

HMQC spectrum showing C atoms with their relating H atoms was indicated 

in Figure 4.29. 

HMBC spectrum showing the relationships between protons and long range 

coupling carbons pointed out the correlation between anomeric proton H-1'' of β-

xylose and C-3α supporting the linkage of the xylose unit to C-3α. Furthermore, the 

relationship of H-4 with C-1', H-2α with C-1, H-3α with C-1'' were also shown in 

addition to other correlations like in xylose molecule (Figure 4.30.). 

Following analysis of NMR spectra, molecular formula of the compound was 

detected as C27H36O12, which was further confirmed by HR-MS (ESI) m/z as 

[M+Na]+ 575.2093 and IR spectrum (Table 4.22.).  

Spectroscopic data (Table 4.23.) of compound 3 were checked in the 

literature and found to be quite similar to the data given for lyoniside (474). 

Therefore, compound 3 was identified as lyoniside (Figure 4.25.). 
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Table 4.23. 1H- and 13C-NMR spectroscopic data of lyoniside (DMSO-d6, 1H: 600 
MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 CH2 2.65 – 2.57   32.67 C-2, C-3, C-4, C-8, 
C-4a, C-8a 

2 CH 1.50 (dt, 11.4, 7.7)   38.81 - 
3 CH 1.94 – 1.86   44.65 - 
4 CH 4.25 (d, 6.6)   41.03 C-2, C-3, C-1', C-C-

3α, C-4a, C-8a  
5 C - 146.52 - 
6 C - 137.27 - 
7 C - 146.90 - 
8 CH 6.53 (s) 106.65 C-1, C-5, C-6, C-7, 

C-4a, C-8a 
2α CH2 3.52 – 3.44   63.65 C-1 
3α CH2 3.73 – 3.64    68.86 C-1' 
4a C - 124.94 - 
8a C - 128.34 - 
1' C - 137.63 - 
2' CH 6.32 (s) 105.86 C-4, C-6' 
3' C - 147.50 - 
4' C - 133.24 - 
5' C - 147.50 - 
6' CH 6.32 (s) 105.86 C-4, C-2' 
1'' CH 4.10 (d, 7.7) 104.10 C-2'', C-3'', C-5'', C-

3α 
2'' CH 3.04 – 2.98    73.31 C-1'', C-3'', C-4'' 
3'' CH 3.30 – 3.24    69.61 C-1'' 
4'' CH 3.13 – 3.08    76.85 C-2'', C-3'' 
5'' CH2 3.73 – 3.64  

3.04 – 2.98  
  65.78 C-3'', C-4'' 

5-OMe CH3 3.22 (s)   58.62 C-5 
7-OMe CH3 3.76 (s)   55.65 C-7 
3'-OMe CH3  3.63 (s)   56.07 C-3' 
5'-OMe CH3 3.63 (s)   56.07 C-5' 
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Table 4.23. 1H- and 13C-NMR spectroscopic data of lyoniside (DMSO-d6, 1H: 600 
MHz, 13C: 151 MHz) (continued). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

2''-OH OH 5.20 (d, 4.9) - - 
3''-OH OH 5.00 (d, 4.9) - - 
4''-OH OH 5.06 (d, 4.3) - - 
CH2-OH OH 4.48 (t, 5.1)  - - 
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4.2.4 Nepodin-8-O-β-glucoside 

 
Figure 4.31. Structure of nepodin-8-O-β-glucoside. 

The data about nepodin-8-O-β-glucoside was expressed in Table 4.24. below. 

Table 4.24. The data about nepodin-8-O-β-glucoside.  

Molecular formula C19H22O8 

Synonyms Musizin-8-O-β-D-glucopyranoside 

Molecular weight 378 g/mol 

IR (ATR) ν (cm–1)  3385, 3298, 2964, 2925, 1670, 1578, 
1354, 1079 

MS (ESI) m/z: [M+Na]+ 401.1201 
1H NMR Figure 4.32. 

Table 4.25. 
13C NMR Figure 4.33. 

Table 4.25. 
DEPT 90 and DEPT 135 Figure 4.34. 

COSY Figure 4.35. and Figure 4.36. 
 

HMQC Figures 4.37.-4.39. 
Table 4.25. 

HMBC Figures 4.40.-4.42 
Table 4.25. 
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Compound 4 was isolated as an amorphous and brown solid. In TLC, a light 

yellow spot was observed at daylight before reagent spraying. Additionally, the spot 

exhibited fluorescence inhibiting zones under UV 254 nm and blue fluorescence 

under UV 366 nm. After Vanilin-H2SO4 sprayed and Vanilin-H2SO4 sprayed-plate to 

be heated up to 110 °C, dark blue spots were detected. The structure of the substance 

was identified based on spectroscopic data (IR, NMR and mass spectroscopy). 

IR spectrum of the compound 4 pointed out the presence of aromatic C=C 

(1568 cm-1), aromatic C-H (3000-3100 cm-1), alkane C-H (1354 cm-1, 2925, 2964 

cm-1), O-H (3298, 3385 cm-1), C-O (1079 cm-1) and C=O (1670 cm-1) functions. 
1H-NMR spectrum revealed the presence of H atom signals in the aromatic 

field at dH 7.44 (dd, J = 7.9, 1.5 Hz, 1H, H-5), 7.39 (t, J = 7.8 Hz, 1H, H-6), 7.35 (dd, 

J = 8.2, 1.5 Hz, 1H, H-7) and 7.17 (s, 1H, H-4). Other proton signals were detected at 

5.13 (d, J = 7.2 Hz, 1H, H-1'), 3.98 (dd, J = 12.1, 2.16 Hz, 1H, H-6'α), 3.77 (dd, J = 

12, 5.7 Hz, 1H, H-6'β), 3.59 (dd, 1H, H-2'), 3.55 (dd, 1H, H-5'), 3.53 (dd, 1H, H-3'), 

and 3.45 (d, 1H, H-4') (Table 4.25; Figure 4.32.). 

A proton signal at 5.13 ppm splitting into two peaks as doublet with 7.8 Hz 

coupling constant (J) is an anomeric proton. 7.8 Hz of J value indicated that sugar 

molecule is in β configuration. The other proton signals in the sugar molecule were 

ranged from δH 3.45 to δH 3.98 ppm. H atoms’ signals in the aromatic ring were 

observed at around 7 ppm, while H atoms in C-OCH3 and 3-CH3 displayed signals 

observed at 2.3 (s) and 2.59 (s) ppm, respectively.  
13C-NMR and DEPT spectra (Figures 4.33. and 4.34.) showed the presence 

of 19 carbon atoms in the structure, 6 of which belong to a sugar molecule. δC of the 

signals of the C atoms in the sugar molecule were detected at 102.92 (anomeric C, C-

1'), 73.59 (C-2'), 76.77 (C-3'), 69.90 (C-4'), 77.43 (C-5') and 61.08 ppm (C-6'), which 

were quite similar to the data of β-glucose indicated in the literature before (400, 

470, 471). IR spectrum pointed out that the structure of 4 contain an aromatic ring as 

well as carbonyl and alkane groups. The 1H-NMR data as well as total number of C 

atoms determined by means of 13C-NMR proposed that the structure might be a 

member of naphthalene derivatives. δC values of aromatic C atom signals in the 

aromatic ring were ranged from 110.47 to 154.75 ppm. C-1 and C-8 having higher 

chemical shifts indicated that those carbons are substituted with O-containing groups 
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such as OH and O-glucoside.  

According to COSY spectrum, H signals coupling with each other in the 

glucose molecule were displayed. Furthermore, couplings of H-5 with H-6, H-6 with 

H-7, H-5 with H-7 and H-4 with H-6 in the aromatic ring were shown (Figures 4.35. 

and 4.36).  

HMQC spectrum indicating C atoms with their binding H atoms were shown 

in Figures 4.37.-4.39.. 

HMBC spectrum showing the relationships between protons and their 

multiple bond correlating carbons pointed out a long range coupling between 

anomeric proton of β-glucose H-1' and C-8 indicating β-glucose substitution at C-8 

in the aromatic ring. Furthermore, the relationship of H-1' with C-3' and C-5', H 

atoms of Me in C-3-Me with C-1, C-2, C-4, C-4a and C-8a, H-4' with C-3', C-5' and 

C-6', H-3' with C-2', C-4', C-5' and C-6', H-5' with C-2' and C-4', H-2' with C-3', C-4' 

and C-5', H-6' with C-2', C-3', C-4' and C-5', H-7 with C-4a, C-8a, C-5 and C-8, H-6 

with C-4a, C-8a, C-5, C-7 and C-8, H-5 with C-4a, C-8a, C-4, C-7 and C-8 were also 

displayed (Figures 4.40.-4.42.). 

Following analysis of NMR spectra, molecular formula of the compound was 

detected as C19H22O8, which was further confirmed by HR-MS (ESI) m/z as 

[M+Na]+ 401.1201 (Table 4.24.).  

Spectroscopic data (Table 4.25.) of compound 4 were checked in the 

literature, which were quite similar to the data for nepodin-8-O-β-glucoside 

published previously (94, 151). Therefore, compound 4 was elucidated as nepodin-8-

O-β-glucoside (Figure 4.31.). 
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Table 4.25. 1H- and 13C-NMR spectroscopic data of nepodin-8-O-β-glucoside 
(Methanol-d4, 1H: 400 MHz, 13C: 100 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 151.45 - 
2 C - 124.72 - 
3 C - 133.23 - 
4 CH 7.17 (s) 119.57 C-1, C-2, C-5, C-6, C-

8, C-4a, C-8a 
5 CH 7.44 (dd, 7.9, 1.5) 122.49 C-4, C-7, C-8, C-4a, C-

8a 
6 CH 7.39 (t, 7.8) 127.18 C-5, C-7, C-8, C-4a, C-

8a 
7 CH 7.35 (dd, 8.2, 1.5) 110.47 C-5, C-8, C-4a, C-8a 
8 C - 154.75 - 
4a C - 136.70 - 
8a C - 113.55 - 
1' CH 5.13 (d, 7.2) 102.92 C-8, C-3', C-5' 
2' CH 3.59 (d, †)   73.59 C-3', C-4', C-5' 
3' CH 3.55 (dd, †)   76.77 C-2', C-4', C-5', C-6' 
4' CH 3.45 (d, †)   69.90 C-3', C-5', C-6' 
5' CH 3.53 (dd, †)    77.43 C-2', C-4' 
6' CH2 3.98 (dd, 12.1, 2.16) 

3.77 (dd, 12, 5.7) 
  61.08 C-2', C-3', C-4', C-5' 

C=O C - 207.00  
C-OMe CH3 2.59 (s, 3H)   31.02  
3-Me CH3 2.3 (s, 3H)   18.46 C-1, C-2, C-4, C-4a, C-

8a 

†: Coupling constant (J) were not calculated due to overlap of signals. 
 



16
3 

Fi
gu

re
 4

.3
2.

 1 H
-N

M
R

 sp
ec

tru
m

 o
f n

ep
od

in
-8

-O
-β

-g
lu

co
si

de
 (C

om
po

un
d 

4)
 (M

et
ha

no
l-d

4, 
1 H

: 4
00

 M
H

z)
. 

4 
6 

7 
4 

5 
1'

 

6'
α

 6'
β 

C
H

3
C

O
C

H
3

2'
  3'

  5
'  4

'

C
H

3

C
O

C
H

3 

1'
 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

163 



16
4 

Fi
gu

re
 4

.3
3.

 13
C

-N
M

R
 sp

ec
tru

m
 o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

 (M
et

ha
no

l-d
4, 

13
C

: 1
00

 M
H

z)
. 

6  

2  5  
7  

1'
4 

8a
 

5'
 3

' 2'
 4

' 
6'

 
C

H
3 

C
=

O
 

1 

8 
4a

 3 
C

O
C

H
3 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

164 



16
5 

Fi
gu

re
 4

.3
4.

 D
EP

T 
90

 a
nd

 D
EP

T 
13

5 
sp

ec
tra

 o
f n

ep
od

in
-8

-O
-β

-g
lu

co
si

de
 (C

om
po

un
d 

4)
. 6'
 

D
E

P
T

 1
35

 

6

5  
4  

7

1'
 

5'
 3'

 2'
 4'
 

C
O

C
H

3 

C
H

3 
4'

 
2'

  
3'

  
5'

  
1'

 
7

4
5 

6

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

D
E

P
T

 9
0 

165 



16
6 

Fi
gu

re
 4

.3
5.

 1 H
-1 H

 h
om

on
uc

le
ar

 c
or

re
la

tio
n 

sp
ec

tru
m

 (C
O

SY
) o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

.

1'
 

1'
 

6'
α

 
6'
β 

6'
β 

6'
α

 

2'
 

3'
 

5'
  

4'
 

2'3'
 

5'
 4'

 

3'
  

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

166 



16
7 

Fi
gu

re
 4

.3
6.

 1 H
-1 H

 h
om

on
uc

le
ar

 c
or

re
la

tio
n 

sp
ec

tru
m

 (C
O

SY
) o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

. 

5 
6 

7 
4 

4 

5 6 
7 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

167 



16
8 

Fi
gu

re
 4

.3
7.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-q
ua

nt
um

 c
or

re
la

tio
n 

(H
M

Q
C

) s
pe

ct
ru

m
 o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

. 

6
 

2
 

5
 4
 8
a

7
  

1
'   5

' 
3
' 

2
' 4
' 6
' 

C
H

3
 

C
O

C
H

3
 

C
H

3
 

C
O

C
H

3
 

6
'α

 6
'β

 
4
' 

2', 3', 5' 
 

1
' 

4
 

7
  

6
  

5
 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1
 

2
 3

 

4
 

5
 

6
 7
 

8
 

1
'  

2
'  

3
'  

4
'  

5
'  

6
'  

168 



16
9 

Fi
gu

re
 4

.3
8.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-q
ua

nt
um

 c
or

re
la

tio
n 

(H
M

Q
C

) s
pe

ct
ru

m
 o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

. 

65471
' 

7
5  

6  
4

1
' 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

169 



17
0 

Fi
gu

re
 4

.3
9.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-q
ua

nt
um

 c
or

re
la

tio
n 

(H
M

Q
C

) s
pe

ct
ru

m
 o

f n
ep

od
in

-8
-O

-β
-g

lu
co

si
de

 (C
om

po
un

d 
4)

.

5'
 3'
 

2'
 

4'
 6'
 

6'
α

 
6’
β 

2'
  

5'
  

4'

C
H

3 

3'
  

C
H

3 

C
O

C
H

3 

C
O

C
H

3 

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

170 



17
1 

Fi
gu

re
 4

.4
0.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-b
on

d 
co

rr
el

at
io

n 
(H

M
B

C
) s

pe
ct

ru
m

 o
f n

ep
od

in
-8

-O
-β

-g
lu

co
si

de
 (C

om
po

un
d 

4)
. 

5 
6  

7
4

7  8a
 

4  5  
2  

6  

3  
4a

 

1  
8  

C
H
3

C
H
3

O
O
H

O
O O
H

H
O

H
O

O
H

1 
2 

3 

4 
5 

6 7 

8 

1'
  

2'
  

3'
  

4'
  

5'
  

6'
  

171 



17
2 

Fi
gu

re
 4

.4
1.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-b
on

d 
co

rr
el

at
io

n 
(H

M
B

C
) s

pe
ct

ru
m

 o
f n

ep
od

in
-8

-O
-β

-g
lu

co
si

de
 (C

om
po

un
d 

4)
. 

5'
 

3'
 

2'
 4'
 6'

 

1'
 

6'
α

 
6’
β 

2'
  3'

  5
'  4

'

172 



17
3 

Fi
gu

re
 4

.4
2.

 1 H
-13

C
 h

et
er

on
uc

le
ar

 m
ul

tip
le

-b
on

d 
co

rr
el

at
io

n 
(H

M
B

C
) s

pe
ct

ru
m

 o
f n

ep
od

in
-8

-O
-β

-g
lu

co
si

de
 (C

om
po

un
d 

4)
.

8

1'
 

4a
 

2 
4 

1 

C
H

3 

173 



  174 

4.2.5  (+)-Isolariciresinol-9-O-β-xyloside 

 
Figure 4.43. Structure of isolariciresinol-9-O-β-xyloside. 

The data about isolariciresinol-9-O-β-xyloside was expressed in Table 4.26. 

below. 

Table 4.26. The data about isolariciresinol-9-O-β-xyloside. 

Molecular formula C25H32O10 

Synonyms Schisandriside, Schizandriside 

Molecular weight 492 g/mol 

IR (ATR) ν (cm–1) 3550 – 3050, 1620, 1481, 1368, 1284, 
1150, 1025, 992 

MS (ESI) m/z: [M+Na]+ 515.1904 

[α]D
22 +16.9° (MeOH, c = 0.19) 

1H NMR Figure 4.44. 
Table 4.27. 

13C NMR Figure 4.45. 
Table 4.27. 

COSY Figure 4.46. 

HMQC Figure 4.47. 
Table 4.27. 

HMBC Figure 4.48. 
Table 4.27. 
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Compound 5 was isolated as an amorphous and colourless solid. Following 

TLC application, dark spot under UV 254 nm and blue fluorescence under UV 366 

nm were monitored. After Vanilin/H2SO4 sprayed and Vanilin/H2SO4 sprayed-plate 

was heated up to 110 °C, a purple spot was detected. The structure of the substance 

was identified based on spectroscopic data (IR, NMR and mass spectroscopy). 

IR spectrum of compound 5 pointed out the presence of aromatic C=C (1481 

cm-1), aromatic C-H (3050-3100 cm-1), alkane C-H (1368 cm-1), alkane C-C (992 cm-

1), O-H (3200, 3550 cm-1) and C-O (1150 cm-1) functions. 

When 1H-NMR spectrum was analysed, H atom signals in the aromatic field 

were detected at 6.79 (d, J = 2.0 Hz, 1H, H-2'), 6.68 (d, J = 8.0 Hz, 1H, H-5'), 6.59 

(s, 1H, H-8), 6.47 (dd, J = 8.1, 1.9 Hz, 1H, H-6'), and 6.06 ppm (s, 1H, H-5) Other 

proton signals were detected at 8.74 (s, 1H, H of OH in C-4'-OH), 8.44 (s, 1H, H of 

OH in C-6-OH), 5.24 (d, J = 4.7 Hz, 1H, H of OH in C-2''-OH), 4.99 (d, J = 4.8 Hz, 

1H, H of OH in C-3''-OH), 4.95 (d, J = 5.0 Hz, 1H, H of OH in C-4''-OH), 4.41 (t, J 

= 5.1 Hz, 1H, H of OH in C-2α-OH), 4.02 (d, J = 10.9 Hz, 1H, H-4), 3.90 (d, J = 7.6 

Hz, 1H, H-1''), 3.84 (dd, J = 9.6, 2.4 Hz, 1H, H-3α), 3.71 (s, 3H, H atoms of Me in 

C-3'-OMe), 3.70 (s, 3H, H atoms of Me in C-7-OMe), 3.64 (dd, J = 11.3, 5.4 Hz, 1H, 

H-5''), 3.57 (dt, J = 10.5, 4.2 Hz, 1H, H-2α), 3.46 (dt, J = 11.0, 5.9 Hz, 1H, H-2α), 

3.26 (ddt, J = 10.4, 8.8, 5.2 Hz, 1H, H-4''), 3.07 (td, J = 8.8, 4.8 Hz, 1H, H-3''), 3.00 

– 2.94 (1H for each H-3α, H-2'' and H-5''), 2.73 – 2.70 (2H, H-1), 1.86 (ddd, J = 

13.1, 6.2, 3.5 Hz, 1H, H-2), and 1.68 (tt, J = 10.7, 2.7 Hz, 1H, H-3) ppm (Figure 

4.44.). 

A proton signal at 3.90 ppm splitting into two peaks as doublet with 7.9 Hz 

coupling constant (J) is an anomeric proton. 7.6 Hz of J value indicated that sugar 

molecule is in β configuration. The other proton signals in the sugar molecule were 

ranged from δH 2.94 to δH 3.64 ppm. H atoms in aromatic ring were displayed signals 

at around 7 ppm at higher frequency, while H atom signals in C-3α, C-2α, Me of C-

3'-OMe and Me of C-7-OMe were observed at lower frequencies. 
13C-NMR spectrum (Figure 4.45.) presented 25 carbon atom signals 

including the signals of a sugar molecule with 5 C (pentose). δC of C atom signals in 

the sugar molecule were observed at 104.59 (anomeric C, C-1''), 73.37 (C-2''), 76.59 

(C-3''), 69.58 (C-4'') and 65.70 (C-5'') ppm, which were quite similar to the data of β-
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xylose indicated in the literature (472-474). IR and NMR spectra revealed the 

structure to include aromatic rings, alkane groups as well as a β-xylose unit. δC of 

aromatic C atom signals were ranged from 111.76 to 147.14 ppm. δC of C atom 

signals at the position of 6, 7, 1', 3' and 4' in aromatic rings were observed at higher 

chemical shifts indicating that the aromatic ring has to be substituted at those C 

atoms. Based on the data in COSY, HMQC and HMBC spectra, the structure of 

compound 5 was assumed to be a lignan derivative as explained in details below.  

COSY spectrum, displayed the couplings of H of OH in C-2''-OH with H-2'', 

H of OH in C-3''-OH with H-3'' as well as H-4'', H of OH in 2α-OH with H-2α, H-4 

with H-3, H-1'' with H-2'', H-3α with H-3 as well as the other H-3α, H-5'' with H-4'' 

as well as H-5'', H-2α with H-2, H-2 with H-3, H-1 as well as H-2α, H-3 with H-3α, 

H-4 as well as H-2 and H-2' with H-6' (Figure 4.46.). 

HMQC spectrum indicating C atoms with their binding H atoms were shown 

in Figure 4.47. 

HMBC spectrum pointed out a long range coupling between the anomeric 

proton H-1'' of β-xylose and C-3α, which indicates a β-xylose substitution at C-3α. 

Furthermore, the long range couplings of H-2' with C-1', C-3', C-4' and C-6', H-5' 

with C-3' and C-4', H-8 with C-7, C-4a and C-8a, H-6' with C-4, C-2' and C-4', H of 

OH in C-2''-OH with C-1'' and C-3'', H of OH in C-3''-OH with C-2'', C-3'', C-4'' and 

C-5'', H-5 with C-4, C-6, C-7 and C-8a, H of OH in C-2α-OH (CH2-OH) with C-2, 

H-4 with C-3, C-3α, C-4a, C-8a, C-1', C-2', C-6' and C-1'', H-1'' with C-4 and C-3α, 

H-3α with C-4, C-2, C-3 and C of Me in C-3'-OMe, H-5'' with C-1'', C-3'' and C-4'', 

H atoms of Me in C-3'-OMe with C-3' and C-4', H atoms of Me in C-7-OMe with C-

6 and C-7, both H-5'' and H-2'' with C-3'' and C-4'', H-3'' with C-2'' and C-4'', H-4'' 

with C-3'', H-2α with C-1, H-1 with C-2, C-3, C-8, C-4a, C-8a and C-2α, H-2 with 

C-1, C-3, C-2α, H-3 with C-4, H of OH in C-6-OH with C-5, H of OH in C-4'-OH 

with C-5' were also displayed (Figure 4.48.). 

Following the analysis of NMR spectra, the compound was found to have the 

molecular formula C25H32O10 which was later confirmed by HR-MS (ESI) at m/z 

515.1904 [M+Na]+ (Table 4.26.).  

Spectroscopic data of compound 5 (Table 4.27.) were checked in the 

literature, and found to be quite similar to the data for isolariciresinol-9-O-β-xyloside 
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(475). Therefore, compound 5 was elucidated as isolariciresinol-9-O-β-xyloside 

(Figure 4.43.).  
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Table 4.27. 1H- and 13C-NMR spectroscopic data of isolariciresinol-9-O-β-xyloside 
(DMSO-d6, 1H: 600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 CH2 2.73 – 2.70   32.63 C-2, C-3, C-8, C-4a, 
C-8a, C-2α 

2 CH 1.86 (ddd, 13.1, 6.2, 3.5)   37.56 C-1, C-3, C-2α 
3 CH 1.68 (tt, 10.7, 2.7)   44.11 C-4 
4 CH 4.02 (d, 10.9)   45.64 C-3, C-3α, C-4a, C-

8a, C-1', C-2', C-6', 
C-1'' 

5 C 6.06 (s) 116.27 C-4, C-6, C-7, C-8a 
6 C  144.03 - 
7 C  145.50 - 
8 CH 6.59 (s) 111.76 C-7, C-4a, C-8a 
2α CH2 3.57 (dt, 10.5, 4.2) 

3.46 (dt, 11.0, 5.9) 
  62.60 C-1 

3α CH2 3.84 (dd, 9.6, 2.4) 
3.00 – 2.94  

  67.23 C-4, C-2, C-3, C-3'-
OMe 

4a C - 132.62 - 
8a C - 127.02 - 
1' C - 136.91 - 
2' CH 6.79 (d, 2.0) 113.86 C-1', C-3', C-4', C-6' 
3' C - 147.14 - 
4' C - 144.47 - 
5' C 6.68 (d, 8.0) 115.48 C-3', C-4',  
6' CH 6.47 (dd, 8.1, 1.9) 121.05 C-4, C-2', C-4' 
1'' CH 3.90 (d, 7.6) 104.59 C-3α, C-4 
2'' CH 3.00 – 2.94    73.37 C-3'', C-4'' 
3'' CH 3.07 (td, 8.8, 4.8)   76.59 C-2'', C-4'' 
4'' CH 3.26 (ddt, 10.4, 8.8, 5.2 )   69.58 C-3'' 
5'' CH2 3.64 (dd, 11.3, 5.4) 

3.00 – 2.94  
  65.70 C-1'', C-3'', C-4'' 
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Table 4.27. 1H- and 13C-NMR spectroscopic data of isolariciresinol-9-O-β-xyloside 
(DMSO-d6, 1H: 600 MHz, 13C: 151 MHz) (continued). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

7-OMe CH3 3.70 (s)   55.57  C-6, C-7 
3'-OMe CH3  3.71 (s)   55.48 C-3', C-4' 
6-OH OH 8.44 (s) - C-5 
4'-OH OH 8.74 (s) - C-5' 
2''-OH OH 5.24 (d, 4.7) - C-1'', C-3'' 
3''-OH OH 4.99 (d, 4.8) - C-2'', C-3'', C-4'', 

C-5'' 
4''-OH OH 4.95 (d, 5.0) - - 
CH2OH OH 4.41 (t, 5.1) - C-2 
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4.2.6 Rumejaposide G/H diastereomeric mixture 

 
Rumejaposide G (Compound 6A)                                 

 

Rumejaposide H (Compound 6B) 

Figure 4.49. Structure of rumejaposide G/H diastereomers. 

The data about rumejaposide G/H diastereomers were expressed in the 

following pages. 
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Table 4.28. The data about rumejaposide G/H diastereomers. 

Molecular formula C21H22O9 

Synonyms - 

Molecular weight 418 g/mol 

IR (ATR) ν (cm–1) 3550 – 3050, 1620, 1481, 1368, 1284, 
1150, 1025, 992 

MS (ESI) m/z: [M+Na]+ 441.1169 

[α]D
22 –3.2° (MeOH, c = 0.22) 

1H NMR Figures 4.50. and 4.55. 
Tables 4.29. and 4.30. 

13C NMR Figures 4.51. and 4.56. 
Tables 4.29. and 4.30. 

COSY Figures 4.52. and 4.57. 

HMQC Figures 4.53. and 4.58. 
Tables 4.29. and 4.30. 

HMBC Figures 4.54. and 4.59. 
Tables 4.29. and 4.30. 
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Compound 6 was isolated as an amorphous and yellow solid. In case of 

application to TLC plate, light yellow spot was observed at daylight before reagent 

spraying. Additionally, the spots having fluorescence inhibiting zones under UV 254 

nm and red/orange fluorescence under UV 366 nm were monitored. After 

Vanilin/H2SO4 sprayed and Vanilin/H2SO4 sprayed-plate was heated up to 110 °C, 

an orange spot was detected. The structure of the substance was identified based on 

its spectroscopic data (IR, NMR and mass spectroscopy). 

IR spectrum of the compound 6 pointed out the presence of aromatic C=C 

(1481 cm-1), aromatic C-H (3050-3100 cm-1), alkane C-H (1368 cm-1), alkane C-C 

(992 cm-1), O-H (3200, 3550 cm-1) and C-O (1150 cm-1) functions. 

Mass spectrum pointed out [M+Na]+ peaks at m/z 441.1169. 13C spectrum 

pointed out presence of 42 C atoms in the structure. Therefore, we assumed that the 

compound 6 may consist of two diastereomers, which were expressed as compound 

6A and compound 6B. NMR spectra of the mixture of the compounds 6A and 6B 

were recorded and spectroscopic data of the both compounds were shown in the 

same spectra, separately (Figures 4.50-4.59). 2D spectra (COSY, HMQC and 

HMBC) also supported the presence of two diastereomers. 

1H-NMR spectrum displayed signals in the aromatic field at 6.88 (d, J = 1.4 

Hz, 1H, H-4), 6.68 (s, 1H, H-2), 6.47 (d, J = 2.3 Hz, 1H, H-5), 6.22 ppm (d, J = 2.3 

Hz, 1H, H-7) for compound 6A and 6.84 (s, 1H, H-4), 6.67 (s, 1H, H-2), 6.52 (d, J = 

2.2 Hz, 1H, H-5), 6.20 ppm (d, J = 2.2 Hz 1H, H-7) for compound 6B. Furthermore, 

the other proton signals in the structure were detected at 12.17 (s, C-8-OH), 12.00 (s, 

C-1-OH), 10.74 (s, C-6-OH), 5.19 (d, J = 5.9 Hz, C-2'-OH), 4.92 (d, J = 4.9 Hz, C-

3'-OH), 4.79 – 4.76 (H, C-4'-OH), 4.41 (d, J = 2.1 Hz, H-10), 3.89 (pseudo-q, J = 5.5 

Hz, C-6'-OH), 3.42 – 3.36 (H, H-6'), 3.27 (dd, J = 9.2, 2.2 Hz, H-1'), 3.19 – 3.13 (H, 

H-6'), 3.13 – 3.06 (H-2, H-3'), 2.84 (td, J = 9.2, 5.9 Hz, H-2'), 2.79 (ddd, J = 9.8, 5.8, 

2.2 Hz, H-5'), 2.74 – 2.68 (H, H-4'), and 2.34 ppm (s, 3H, H atoms of Me in C-3-Me) 

for compound 6A and 12.16 (s, C-8-OH), 12.00 (s, C-1-OH), 10.74 (s, C-6-OH), 

5.14 (d, J = 5.9 Hz, C-2'-OH), 4.94 (d, J = 5.0 Hz, C-3'-OH), 4.79 – 4.76 (H, C-4'-

OH), 4.42 (d, J = 2.1 Hz, H-10), 3.89 (pseudo-q, J = 5.5 Hz, C-6'-OH), 3.42 – 3.36 

(H, H-6'), 3.26 (dd, J = 9.2, 2.2 Hz, H-1'), 3.19 – 3.13 (H, H-6'), 3.13 – 3.06 (H-2, H-

3'), 2.92 (td, J = 9.2, 5.9 Hz, H-2'), 2.74 – 2.68 (H, H-5'), 2.74 – 2.68 (H, H-4'), 2.33 
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(s, 3H, H atoms of Me in C-3-Me) ppm for compound 6B (Figures 4.50. and 4.55.). 

Proton signals at 3.27 (d, J = 9.2 Hz) and 3.26 ppm (d, J = 9.2 Hz) were 

attributed to the anomeric protons for compounds 6A and compound 6B, 

respectively. A J value of 9.2 Hz indicated that the sugar molecule is in β 

configuration for both compounds. The other proton signals in the sugar molecule 

were ranged from δH 2.68 to δH 3.42 ppm for compound 6A and from 2.68 to 3.42 

ppm for compound 6B. H atom signals in aromatic rings were observed at around 7 

ppm at higher frequency, while H atom signals in the sugar molecules and 3-Me 

were observed at lower frequency. H atom signals of the substituted OH groups in 

the 1st, 6th and 8th positions of the molecules were additionally detected at 12.00, 

10.74 and 12.17 ppm for compound 6A and 12.00, 10.74 and 12.16 ppm for 

compound 6B, respectively. 
13C-NMR spectrum (Figures 4.51. and 4.56.) presented the substances to 

have totally 42 carbon atom signals, each having sugar molecules with 6 carbons and 

totally containing 21 carbons in their structures. δC of C atom signals in the sugar 

molecule were detected at 86.33 (anomeric C, C-1'), 70.53 (C-2'), 78.64 (C-3'), 70.71 

(C-4'), 81.28 (C-5') and 61.78 ppm (C-6') for compound 6A and 86.15 (anomeric C, 

C-1'), 70.31 (C-2'), 78.68 (C-3'), 70.74 (C-4'), 81.38 (C-5') and 61.87 ppm (C-6') for 

compound 6B. IR spectrum supported the structure to include aromatic rings, alkane 

groups, -OH groups. δC of the aromatic C atom signals were ranged from 101.64 to 

164.84 ppm for compound 6A and from 101.55 to 164.32 ppm for compound 6B. δC 

of C atom signals at the 1st, 3rd 6th, 8th, and 9th positions of aromatic rings were 

observed at higher chemical shifts indicating aromatic ring to be substituted with 

polar groups at those C atoms. Furthermore, δC of C atom signals at the 10th positions 

of aromatic rings pointed out the presence of a e- withdrawing groups in at those 

positions with deshielding effects, which may indicate a C-glucosylation. Based on 

the data from 1H and 13C NMR spectra as well as 2D spectra (COSY, HMQC and 

HMBC), it was assumed that compound 6 might be member of antranoid derivatives 

as a mixture of two diastereomeric compounds as explained in details below. 

According to COSY spectrum, H signals coupling with each other were 

displayed, the couplings of H-4 with H-2, H-10 and H of Me in C-3-Me, H-5 with H-

10 as well as H-7, H-7 with H-5 and H-4, H of OH in C-2'-OH with H-2', H of OH in 
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C-3'-OH with H-3', H of OH in C-4'-OH with H-4', H of OH in C-6'-OH with H-6' 

and H-1', H-6' with H-6', H-1' with H-3' and H-10', H-3' with H-2', H-4' with H of 

OH in C-4'-OH, H of Me in C-3-Me with H-4 (Figures 4.52. and 4.57.). 

HMQC spectrum indicating C atoms with their relating H atoms were shown 

in Figures 4.53. and 4.58. 

In the HMBC spectrum, the long range couplings of H-4 with C of Me in C-

3-Me, C-10 and C-2, H-2 with C of Me in C-3-Me, C-4, C-9a and C-1, H-5 with C-

10, C-7 and C-8a, H-7 with C-5, C-6 and C-8a, H-1' with C-3', C-5', C-4a and C-5a, 

H of Me in C-3-Me with C-2, C-3 and C-4, H-10 with C-6', H-3' with C-2' and C-4', 

H-2' with C-1' and C-3', H-4' with C-3' and C-5', H-5' with C-3', H of OH in C-6'-OH 

with C-1', C-3, C-4, C-5, C-4a, C-5a and C-8a, H of OH in C-2'-OH with C-1', H of 

OH in C-3'-OH with C-2' and C-4', H of OH in C-4'-OH with C-2', C-4' and C-5' 

were shown for both diastereomers (Figures 4.54. and 4.59.). 

Following the analysis of NMR spectra, the compound was detected as a 

mixture of two diastereomers and were found to have the molecular formula of 

C21H22O9, which was also confirmed by HR-MS (ESI) at m/z 441.1169 [M+Na]+ 

(Table 4.28.).  

Spectroscopic data of compound 6 (Tables 4.29. and 4.30.) were found to be 

identical for rumejaposide G and rumejaposide H (131) published before. Therefore, 

the compound 6 was elucidate as a mixture of two diastereomer, which are 

rumejaposide G and rumejaposide H (Figure 4.49.). 
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Table 4.29. 1H- and 13C-NMR spectroscopic data of rumejaposide G (Compound 
6A, DMSO-d6, 1H: 600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 161.32  
2 CH 6.68 (s) 116.20 C-3-Me, C-4, C-9a, C-1 
3 C - 146.11  
4 CH 6.88 (d, 1.4) 121.58 C-3-Me, C-10, C-2 
5 CH 6.47 (d, 2.3) 107.96 C-10, C-7, C-8a 
6 C - 164.84  
7 CH 6.22 (d, 2.3) 101.64 C-5, C-6, C-8a 
8 C - 164.15  
10 CH 4.41 (d, 2.1)   44.44 C-6' 
4a C - 148.51  
5a C - 142.06  
8a C - 110.54  
9a C - 115.18  
3-Me CH3 2.34 (s, 3H)   22.12 C-2, C-3, C-4 
1' CH 3.27 (d, 9.2)   86.33 C-3', C-5', C-4a, C-5a 
2' CH 2.84 (td, 9.2, 5.9)   70.53 C-1', C-3' 
3' CH 3.13 – 3.06    78.64 C-2', C-4' 
4' CH 2.74 – 2.68    70.71 C-3', C-5' 
5' CH 2.79 (ddd, 9.8, 5.8, 

2.2) 
  81.28 C-3' 

6' CH2 3.42 – 3.36  
3.19 – 3.13  

  61.78  

1-OH OH 12.00 (s) -  
6-OH OH 10.74 (s) -  
8-OH OH 12.17 (s) -  
2'-OH OH 5.19 (d, 5.9) - C-1' 
3'-OH OH 4.92 (d, 4.9) - C-2', C-4' 
4'-OH OH 4.79 – 4.76  - C-2', C-4', C-5' 
6'-OH OH 3.89 (pseudo-q, 

5.5) 
- C-1', C-3, C-4, C-5, C-

4a, C-5a, C-8a 
C=O C - 191.86  
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Table 4.30. 1H- and 13C-NMR spectroscopic data of rumejaposide H (Compound 6B, 
DMSO-d6, 1H: 600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 161.12  
2 CH 6.67 (s) 115.97 C-3-Me, C-4, C-9a, C-1 
3 C - 146.89  
4 CH 6.84 (s) 120.15 C-3-Me, C-10, C-2 
5 CH 6.52 (d, 2.2) 109.71 C-10, C-7, C-8a 
6 C - 164.32  
7 CH 6.20 (d, 2.2) 101.55 C-5, C-6, C-8a 
8 C - 164.07  
10 CH 4.42 (d, 2.1)   44.16 C-6' 
4a C - 148.51  
5a C - 144.61  
8a C - 110.74  
9a C - 115.06  
3-Me CH3 2.33 (s, 3H)   22.10 C-2, C-3, C-4 
1' CH 3.26 (d, 9.2)   86.15 C-3', C-5', C-4a, C-5a 
2' CH 2.92 (td, 9.2, 5.9)   70.31 C-1', C-3' 
3' CH 3.13 – 3.06    78.68 C-2', C-4' 
4' CH 2.74 – 2.68    70.74 C-3', C-5' 
5' CH 2.74 – 2.68    81.38  C-3' 
6’ CH2 3.42 – 3.36  

3.19 – 3.13  
  61.87  

1-OH OH 12.00 (s) -  
6-OH OH 10.74 (s) -  
8-OH OH 12.16 (s) -  
2’-OH OH 5.14 (d, 5.9) - C-1' 
3’-OH OH 4.94 (d, 5.0) - C-2', C-4' 
4’-OH OH 4.79 – 4.76 - C-2', C-4', C-5' 
6’-OH OH 3.89 (pseudo-q, 

5.5) 
- C-1', C-3, C-4, C-5, C-4a, 

C-5a, C-8a 
C=O C - 191.86  
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4.2.7 (–)-Catechin 

 
Figure 4.60. Structure of catechin. 

The data about catechin were expressed in Table 4.31. below. 

Table 4.31. The data about catechin. 

Molecular formula C15H14O6 

Synonyms Catechol 
Catechin, alpha 
(2S,3R)-2-(3,4-dihydroxyphenyl) 
chroman-3,5,7-triol 

Molecular weight 290.27 g/mol 

IR (ATR) ν (cm–1)  3571 – 3050, 2965, 1626, 1605, 1468, 
1284, 1147, 1024, 911 

MS (ESI) m/z: [M+H]+ 291.1 

[α]D
22  –12.6° (MeOH, c = 0.32) 

1H NMR Figure 4.61. 
Table 4.32. 

13C NMR Figure 4.62. 
Table 4.32. 

COSY Figure 4.63. 

HMQC Figure 4.64. 
Table 4.32. 

HMBC Figure 4.65. 
Table 4.32. 

O

OH

HO

OH

OH

OH

2  

1  

3  

4  5  
6  

7  

8  1'   

2'   

3'   

4'   

6'   

5'   8a  

4a  



  203 

Compound 7 was isolated as an amorphous and beige solid. Following TLC 

application and Vanilin/H2SO4 spraying, a characteristic red coloured spot was 

observed. The structure of the substance was identified based on its spectroscopic 

data of IR, NMR and mass spectroscopy. 

IR spectrum of compound 7 pointed out the presence of aromatic C=C (1468, 

1605 cm-1), aromatic C-H (3050-3100 cm-1), alkane C-H (2965 cm-1), alkane C-C 

(911 cm-1), O-H (3200, 3571 cm-1) and ether C-O-C 1024, 1147, 1284 cm-1) 

functions. 
1H-NMR spectrum indicated the H atom signals in the aromatic field at 6.88 

(d, J = 1.9 Hz, 1H, H-2'), 6.66 (d, J = 8.1 Hz, 1H, H-5'), and 6.63 ppm (dd, J = 8.1, 

1.9 Hz, 1H, H-6'). Further, other proton signals were detected at dH 9.14 (s, 1H, Ar-

OH), 8.92 (s, 2H, 2x Ar-OH), 8.85 (s, 1H, Ar-OH), 5.89 (d, J = 2.3 Hz, 1H, H-6), 

5.71 (d, J = 2.3 Hz, 1H, H-8), 4.72 (s, 1H, H-2), 4.68 (s, 1H, H of OH in C-3-OH), 

3.99 (s, 1H, 3), 2.67 (dd, J = 16.3, 4.5 Hz, 1H, H-4), and 2.49 – 2.45 (1H, H-4) 

(Figure 4.61.).  

The distinctive signals of the B-ring aromatic protons are of the ABX-type. 

The methine proton H-2' was split by H-6' in a meta position resulting in a doublet at 

δH 6.88 (d, 1.9 Hz), H-5' was split by H-6' in an ortho position yielding a doublet at 

6.66 (d, 8.1 Hz) and H-6' was split by H-2' and H-5' given a doublet of doublet at 

6.63 (dd, 8.1, 1.9 Hz). 

The ring A aromatic protons also showed H-6 and H-8 coupling, with each 

yielding a doublet at δH 5.89 and 5.71 (d, 2.3 Hz, each). The basic structure of this 

compound was therefore deduced as 3, 3', 4', 5, 7-pentahydroxyflavan. 

The 1H NMR spectrum showed that the protons at H-4 were split by H-3, 

giving a doublet of doublet at δH 2.67 and around δH 2.49-2.45. The position of the 

H-2 chemical shift (δH 4.72) suggests that the flavan structure possesses the trans-2,3 

stereochemistry. These signals are attributed to ring C. 
13C-NMR spectrum (Figure 4.62.) presented totally 15 carbon atoms. IR and 

1H-NMR spectra revealed that the structure of compound 7 includes aromatic rings 

as well as alkane groups. δC of aromatic C atom signals were ranged from 94.06 to 

156.56 ppm. Downfield chemical shifts of C atom signals at the positions of 5, 7, 8a, 

3' and 4' indicated that the aromatic ring has to be substituted at those C atoms. 
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Based on the data obtained from COSY, HMQC and HMBC analysis, the structure 

of compound 7 was supposed to be a flavanol derivative. The presence of the proton 

signals attributed to H-2 at δH 4.72 and H-3 at δH 3.99 as well as their chemical shifts 

in the 13C NMR spectrum (δC 78.08 and 64.93, resp.) and the chemical shifts of the 

signals atrributed to H-4 (δH 2.67, 2.49-2.45) and C-4 (δC 28.26) clearly supported 

the predicted flavanol structure.  

COSY spectrum, indicated the couplings of H-2'' with H-6'', H-6 with H-8, 

H-2 with H-3 as well as H-4, H-3 with H-4, H-4 with H-4 (Figure 4.63.). 

HMQC spectrum indicating C atoms with their binding H atoms were shown 

in Figure 4.64.  

HMBC spectrum pointed out the long range couplings of H-2 with C-1', C-2', 

C-6' and C-4, H-3 with C-4a, H-4 with C-2, C-3, C-5, C-4a and C-8a, H-6 with C-5, 

C-7, C-8 and C-4a, H-8 with C-6, C-4a and C-8a, H-5' with C-1', C-3' and C-4' as 

well as H-6' with C-2, C-3' and C-4' (Figure 4.65.). 

Following the analysis of NMR spectra, the compound were shown to have a 

molecular formula as C15H14O6  which was also supported by HR-MS (ESI) at m/z 

[M+H]+ 291.1 (Table 4.31.).  

Spectroscopic data of the compound (Table 4.32.) were checked in the 

literature, and found to be quite similar to the data for catechin (94, 476) and 

therefore, compound 7 was elucidated as catechin (Figure 4.60.). 
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Table 4.32. 1H- and 13C-NMR spectroscopic data of catechin (DMSO-d6, 1H: 600 
MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 - - - - 
2 CH 4.72 (s)   78.08 C-4, C-1', C-2', C-5', C-6' 
3 CH 3.99 (s)   64.93 C-4a 
4 CH2 2.67 (dd, 16.3, 4.5) 

2.49 – 2.45 
  28.26 C-2, C-3, C-5, C-4a, C-8a 

5 C - 156.25 - 
6 CH 5.89 (d, 2.3)   95.05 C-8, C-4a, C-8a 
7 C - 156.56 - 
8 CH 5.71 (d, 2.3)   94.06 C-6, C-4a, C-8a 
4a C -   98.47 - 
8a C - 155.79 - 
1' C - 130.58 - 
2' CH 6.88 (d, 1.9) 114.90 C-2, C-3', C-4', C-6' 
3' C - 144.52 - 
4' C - 144.55 - 
5' CH 6.66 (d, 8.1) 114.76 C-2, C-1', C-3', C-4' 
6' CH 6.63 (dd, 8.1, 1.9) 117.93 C-2, C-1', C-3', C-4' 
Ar-OH OH 9.14 (s) - - 
Ar-OH OH 8.85 (s) - - 
2 ×Ar-OH OH 8.92 (s) - - 
3-OH OH 4.68 (s) - - 
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4.2.8 Emodin 

 
Figure 4.66. Structure of emodin. 

The data about emodin were expressed in Table 4.33. below. 

Table 4.33. The data about emodin. 

Molecular formula C15H10O5 

Synonyms Emodol 
3-Methyl-1,6,8-trihydroxyanthraquinone 
Frangulic acid 
Archin 
1,3,8-Trihydroxy-6-methyl-9,10-
anthraquinone 
1,3,8-Trihydroxy-6-methyl-9,10-
anthracenedione 

Molecular weight 270.24 g/mol 

IR (ATR) ν (cm–1) 1683, 1653, 1478, 758 

MS (ESI) m/z: [M+H]+  271.2 

1H NMR Figure 4.67. 
Table 4.34. 

13C NMR Table 4.34. 

OH OH

HO CH3

O
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Compound 8 was isolated as a red solid. In TLC, analysis a light yellow spot 

was observed at daylight before reagent spraying. In addition, spots having 

fluorescence inhibiting zones under UV 254 nm and red floresans under UV 366 nm 

were also monitored. After Vanilin/H2SO4 sprayed and Vanilin/H2SO4 sprayed-plate 

was heated up to 110 °C, a yellow/ orange spot was detected. The structure of the 

substance was identified based on the IR, NMR and mass spectroscopic data. 

IR spectrum of the compound 8 pointed out the presence of aromatic C=C 

(1478 cm-1), carbonyl C=O (1653, 1683 cm-1), OH (758 cm-1) functions. 
1H-NMR spectrum (Table 4.34; Figure 4.67) indicated, the signals of H 

atoms in the aromatic field detected at 7.36 (s, H-4), 7.00 (s, H-2), 6.52 (d, J = 2.3 

Hz, H-5) and 5.62 (d, J = 2.3 Hz, H-7) ppm. Further, proton signals were detected at 

13.15 (H of OH in C-6-OH), 12.41 (H of OH in C-8-OH) and 2.35 (s, 3H, H atoms 

of CH3 in C-3-CH3) ppm. 

δC of the aromatic C atom signals were ranged from 101.64 to 184.48 ppm. C 

atom signals observed at higher chemical shifts indicating aromatic ring to be 

substituted with polar groups at those carbons such as the (C atoms at the 1st, 6th, 8th, 

9th and 10th positions in structure. 

Following the analysis of the NMR spectra data, the compound was shown to 

have the molecular formula of C15H10O5 as established by HR-MS (ESI) at m/z 

270.24 g/mol [M+Na]+ (Table 4.33.). IR spectrum pointed out the structure to

include aromatic ring, carbonyl (C=O) and OH groups, confirming the NMR data 

and mass measurement. 

Spectroscopic data were found to be quite similar to the data published for 

emodin (477). Therefore, compound 8 was clarified as emodin (Figure 4.66.). 
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Table 4.34. 1H- and 13C-NMR spectroscopic data of emodin (DMSO-d6, 1H: 600 
MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) 

1 C - 161.22 
2 CH 7.00 (s) 123.90 
3 C - 144.93 
4 CH 7.36 (s) 119.40 
5 CH 6.52 (d, 2.3) 119.40 
6 C - 166.55 
7 CH 5.62 (d, 2.3) 107.92 
8 C - 166.44 
9 C - 181.52 
10 C - 184.48 
11 C - 134.35 
12 C - 101.64 
13 C - 115.34 
14 C - 133.37 
3-CH3 CH3 2.35 (s, 3H)   21.76 
OH OH 13.15 - 
OH OH 12.41 - 
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4.2.9 Emodin-8-O-β-glucoside  

 
Figure 4.68. Structure of emodin-8-O-β-glucoside. 

The data about emodin-8-O-β-glucoside was expressed in Table 4.35. below. 

Table 4.35. The data about emodin-8-O-β-glucoside. 

Molecular formula C21H20O10 

Synonyms 3,8-dihydroxy-6-methyl-1-
anthraquinonyl-beta-D-glucopyranoside 
Emodin-8-beta-D-glucoside 

Molecular weight 432.3 g/mol  

IR (ATR) ν (cm–1) 3550 – 3050, 1629, 1480, 1366, 1266, 
1074, 1025, 991 

1H NMR Figure 4.69. 
Table 4.36. 

13C NMR Figure 4.70. 
Table 4.36. 

DEPT 90 and DEPT 135 Figure 4.71. 
Table 4.36. 

COSY Figure 4.72. 

HMQC Figures 4.73.-4.75. 
Table 4.36. 

HMBC Figures 4.76.-4.78. 
Table 4.36. 
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Compound 9 was isolated as a red solid. In TLC, a light yellow spot was 

observed at daylight before reagent spraying. Additionally, the spot exhibited 

fluorescence inhibiting zones under UV 254 nm and red fluorescence under UV 366 

nm were monitored. After Vanilin/H2SO4 sprayed and Vanilin/H2SO4 sprayed-plate 

was heated up to 110 °C, a yellow/orange spot was detected. The structure of the 

compound was identified based on the spectroscopic data (IR, NMR and mass 

spectroscopy). 

IR spectrum of compound 9 pointed out the presence of aromatic C=C (1480 

cm-1), aromatic C-H (3050-3100 cm-1), alkane C-H (1366 cm-1), alkane C-C (991 cm-

1), O-H (3200, 3550 cm-1) and C-O (1025, 1074, 1266 cm-1) groups (Table 4.35.). 
1H-NMR spectrum exhibited the H atom signals in the aromatic field at 7.83 

(d, J =14.40 Hz, 1H, H-5), 7.69 (d, J = 6.9 Hz, 1H, H-7), 7.45 (s, 1H, H-4) and 7.15 

(s, 1H, H-2) ppm, while other proton signals were detected at dH 12.79 (s, H of OH 

in C-6-OH), 5.16 (d, J = 7.6 Hz, H-1'), 3.70 (d,†, H-6'), 3.45 (dd, J = 14.2 Hz, H-2', 

H-6'), 3.36 – 3.21 (H-3', H-5'), 3.23 (t, H-4'), 2.35 ppm (s, 3H, H atoms of CH3 in C-

3-CH3) (Figure 4.69.). 

A proton signal at 5.16 ppm splitted into two peaks as doublet with 7.6 Hz 

coupling constant (J) is attributed to an anomeric proton. 7.6 Hz of J value of the 

compound indicated that sugar molecules is in β configuration. The remaining proton 

signals in sugar molecule were ranged from δH 3.70 to δH 3.23. H atom signals in the 

aromatic rings were observed at around 7 ppm, while the signals of H atoms in sugar 

molecule and Me of C-3-Me (2.35 ppm) were observed at lower frequencies. 
13C-NMR spectrum (Figure 4.70.) presented chemical shifts of C atom 

signals in the molecule, as well as DEPT (Distortionless Enhancement by 

Polarization Transfer) 90 spectrum showed -CH2 (Figure 4.71.) groups, whereas 

DEPT 135 spectrum indicated the presence of CH3, CH2 and CH groups (Figure 

4.71.). δC of C atom signals in the sugar molecule were detected at 100.97 (anomeric, 

C-1'), 73.71 (C-2'), 76.88 (C-3'), 70.00 (C-4'), 77.63 (C-5') and 61.08 (C-6') ppm., 

which were quite similar to the data of glucose indicated in the literature (400, 470, 

471). δH values as well as the J value of H-1' (7.6 Hz) pointed out that the hexose 

unit has to be a β-glucose, as well. NMR and IR spectra pointed out that the structure 

include aromatic rings, alkane groups as well as a β-glucose moiety. δC of aromatic C 



  217 

atom signals were ranged from 115.13 to 187.96 ppm. Higher chemical shifts of the 

aromatic carbon atom signals indicated that aromatic rings were supposed to be 

substituted with polar groups at those C atoms. In addition, the data obtained from 

COSY, HMQC and HMBC, the structure of compound 9 was supposed to be an 

anthraquinone derivative as explained in details below.  

COSY spectrum displayed the couplings between H-1'/H-2', 2' with 4' as well 

as 5 with 7 (Figure 4.72.). 

HMQC spectrum pointed out C atoms with their relating H atoms on, which 

were shown in Figures 4.73-4.75.  

HMBC spectrum pointed out a long range coupling between the anomeric 

proton (H-1') of β-glucose and C-8, which indicates a β-glucose substitution at C-8. 

Furthermore, the long range couplings of H-5 with C-7, C-8, C-10, C-13, and C-14, 

H-7 with C-8, C-10 and C-13, H-4 with C atom of CH3 in C-3-CH3, C-10, H atoms 

of CH3 in C-3-CH3 with C-2, C-3 and C-4, H-4 with C-2, H-2 with C of CH3 in C-3-

CH3, C-4 and C-12, H-2' with C-3' and C-5', H-3' and H-5' with C-6', H-4' with C-5', 

H-6' with C-5' as well as H-6' with C-4' were also displayed (Figures 4.76-4.78).  

Following the analysis of NMR spectra, the compound was shown to have 

the molecular formula of C21H20O10 (Table 4.35.).  

Spectroscopic data (Table 4.36.) of the compound 9 were then checked in the 

literature, and were found to be quite similar to the data given for emodin-8-O-β-

glucoside (94) detected before. Therefore, compound 9 was clarified as emodin-8-O-

β-glucoside (Figure 4.68.). 
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Table 4.36. 1H- and 13C-NMR spectroscopic data of emodin-8-O-β-glucoside 
(DMSO-d6, 1H: 400 MHz, 13C: 100 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 162.04 - 
2 CH 7.15 (s) 124.55 3-CH3, C-4, C-12 
3 C - 148.20 - 
4 CH 7.45 (s) 119.84 C-2, 3-CH3, C-10 
5 CH 7.83 (d, 14.40) 121.14 C-7, C-8, C-10, 

C-13, C-14 
6 C - 
7 CH 7.69 (d, 6.9) 122.99 C-8, C-10, C-13 
8 C - 158.59 - 
9 C - 187.96 - 
10 C - 182.56 - 
11 C - 132.51 - 
12 C - 115.13 - 
13 C - 120.97 - 
14 C - 135.13 - 
3-CH3 CH3 2.35 (s, 3H)   21.82 C-2, C-3, C-4 
1' CH 5.16 (d, 7.6) 100.97 C-8 
2' CH 3.45 (dd, 14.2)   73.71 C-3', C-5' 
3' CH 3.36 – 3.21   76.88 - 
4' CH 3.23 (t)   70.00 - 
5' CH 3.36 – 3.21   77.63 C-6' 
6' CH2 3.45 (dd, 14.2) 

3.70 (d,†) 
  61.08 C-4', C-5' 

6-OH OH 12.79 - - 

†: Coupling constant (J) were not calculated due to overlap of signals. 
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4.2.10 Chrysophanol-8-O-β-glucoside and physcion-8-O-β-glucoside 

 
Compound 10 (Chrysophanol-8-O-β-glucoside) 

 

Compound 11 (Physcion-8-O-β-glucoside) 

Figure 4.79. Structures of chrysophanol-8-O-β-glucoside and physcion-8-O-
β-glucoside. 

The data about chrysophanol-8-O-β-glucoside and physcion-8-O-β-glucoside 

were expressed in Table 4.37. in the following page. 
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Table 4.37. The data about chrysophanol-8-O-β-glucoside and physcion-8-O-β-
glucoside. 

Molecular formula C21H20O9 (10)  and C22H22O10 (11) 

Synonyms (10)  
Pulmatin,  
Chrysophanol 8-glucoside,  
8-(beta-D-glucopyranosyloxy)-1-
hydroxy-3-methyl-9,10-anthraquinone, 
1-hydroxy-3-methyl-8-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-
yl]oxyanthracene-9,10-dione 

(11)  
Physcion 8-glucoside, 
1-hydroxy-3-methoxy-6-methyl-8-
(((2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)anthracene-9,10-dione,  
1-hydroxy-3-methoxy-6-methyl-8-
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-
yl]oxyanthracene-9,10-dione 

Molecular weight 416.378 g/mol and 446.4 g/mol 

MS (ESI) m/z: [M+Na]+ 439.1 and 469.1

[α]D
22 -21.8° (MeOH, c=0.17) 

1H NMR Figures 4.80. and 4.85. 
Tables 4.38. and 4.39. 

13C NMR Figures 4.81. and 4.86. 
Tables 4.38. and 4.39. 

COSY Figures 4.82. and 4.87. 

HMQC Figures 4.83. and 4.88. 
Tables 4.38. and 4.39. 

HMBC Figures 4.84. and Figure 4.89. 
Tables 4.38. and 4.39. 
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Compounds 10 and 11 were isolated as a mixture of an amorphous and 

orange solid. In TLC, light yellow spots with different retention factors were 

observed at daylight before reagent spraying. Additionally, the spots having 

fluorescence inhibiting zones under UV 254 nm and revealed red fluorescence under 

UV 366 nm were monitored. After Vanilin/H2SO4 sprayed and Vanilin/H2SO4 

sprayed-plate was heated up to 110 °C, yellow/orange spots were detected. The 

structure of the substance was identified as a mixture of two compounds depending 

on NMR and mass spectroscopy as explained below. 

Following TLC, Mass spectrum pointed out presence of two compounds with 

[M+Na]+ peaks at m/z 439.1 and 469.1 in the mixture, which were expressed as 

compound 10 and compound 11, respectively. NMR spectra of the mixture were 

recorded and spectroscopic data of the both compounds were shown in the same 

spectra, separately (Figures 4.80-4.89). 

1H-NMR spectrum displayed H atom signals in the aromatic field of the 

spectrum at 7.85 (d, J = 8.0 Hz, 1H, H-5, Comp. 10), 7.81 (t, J = 8.0 Hz, 1H, H-6, 

Comp. 10), 7.67 (d, J = 8.0 Hz, 1H, H-7, Comp. 10), 7.35 (d, J = 2.5 Hz, 1H, H-5, 

Comp. 11), 7.17 (d, J = 2.5 Hz, 1H, H-7, Comp. 11), while other protons were 

detected at 5.16 (d, J = 7.7 Hz, 1H, H-1', Comp. 11), 5.12 (d, J = 7.7 Hz, 1H, H-1', 

Comp. 10), 3.95 (s, 3H, H atoms of Me in C-6-OMe, Comp. 11), 3.73 – 3.68 (2H, H-

6', H-6', Comp. 10 and Comp. 11), 3.50 (t, J = 6.0 Hz, 2H, H-6', H-6', Comp. 10 and 

Comp. 11), 3.49 – 3.31 (6H, H-2', H-2', H-3', H-3', H-5', H-5', Comp. 10 and Comp. 

11), 3.22 (t, J = 9.3 Hz, 1H, H-4', Comp. 10), 3.18 (t, J = 9.0 Hz, 1H, H-4', Comp. 

11), 2.40 (s, 3H, H atoms of Me in C-3-Me, Comp. 11), 2.38 (s, 3H, H atoms of Me 

in C-3-Me, Comp. 10) (Figures 4.80. and 4.85.).  

Two proton signals at 5.16 and 5.12 ppm, both splitting into two peaks as 

doublets with 7.7 Hz coupling constants (J), were attributed to the anomeric protons 

of the sugar units in compound 11 and compound 12, respectively. 7.7 Hz of J values 

of both proton signals indicated that sugar molecules both β configurations. The 

remaining proton signals in the sugar molecules were ranged from δH 3.73 to δH 3.18 

ppm and δH 3.73 to δH 3.22 ppm for compound 11 and compound 10, respectively. H 

atom signals in the aromatic rings were observed at around 7 ppm at high frequency, 

while H atoms in the sugar molecules, Me of C-6-OMe (3.95 ppm, Comp. 11), Me of 
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C-3-Me (2.40, Comp. 11) and Me of C-3-Me (2.38, Comp. 10) were observed at 

lower frequencies. 
13C-NMR spectrum (Figures 4.81. and 4.86.) presented. δC of C atom signals 

in the sugar molecule at 100.64 (anomeric C, C-1'), 73.24 (C-2'), 76.45 (C-3'), 69.54 

(C-4') and 77.34 (C-5') and 60.60 (C-6') for compound 10 and 100.68 (anomeric C, 

C-1'), 73.24 (C-2'), 76.60 (C-3'), 69.79 (C-4'), 77.51 (C-5') and 60.76 (C-6') for 

compound 11 which were quite similar to the data of glucose indicated in the 

literature (400, 470, 471). δH values pointed out that the hexose units of both 

compounds as have to be β-glucose units. NMR spectra revealed the presence of 

aromatic carbons, alkane groups as well as β-glucose units. δC of aromatic C atom 

signals were ranged from 118.17 to 182.54 ppm for compound 10 and from 106.31 

to 182.14 ppm for compound 11. δC of C atom signals at the 3rd and 6th positions in 

the aromatic rings for compounds 10 and 11, respectively were observed at higher 

chemical shifts indicating aromatic rings have to be substituted at those C atoms. In 

addition COSY, HMQC and HMBC, data proposed that compounds 10 and 11 are 

both anthranoid derivatives and obtained as a mixture as explained in details below.  

According to COSY spectrum, couplings of H-1' with H-2', H-3' with H-4', 

H-5' with H-4', H-6' with H-6', and H-6 with H-7 for compound 10 and H-1' with H-

2', H-3' with H-4', H-5' with H-4', H-6' with H-6', and H-5 with H-7 for compound 11 

were displayed (Figures 4.82 and 4.87.). 

HMQC spectrum indicating C atoms on which their binding H atoms were 

shown in Figures 4.83. and 4.88.. 

HMBC spectrum pointed out a long range couplings between anomeric 

proton (H-1') of β-glucose units and C-8 atoms, indicating a β-glucose substitutions 

at C-8 for both compounds 10 and 11. Furthermore, long range couplings of H-5 

with C-6 and C-8, H-6 with C-8, H-7 with C-6 and C-8 for compound 10, H-5 with 

C-7, H-7 with C-5 and C-6 for compound 11 and H-1' with C-8, H-6' with C-4' as 

well as H-6' with C-4', C-5' and C-1', H-2' with C-3' and C-4', H-3' with C-2', C-4' 

and C-5', H-5' with C-3' and C-4' for both compound 10 and compound 11 were also 

displayed (Figures 4.84. and 4.89.). 

Following analysis of NMR spectra, the compounds were shown to have the 

molecular formulas C21H20O9 (10)  and C22H22O10 (11) as established by HR-MS 
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(ESI) at m/z 439.1 and 469.1 [M+Na]+ for compound 10 and compound 11, 

respectively (Table 4.37.).  

Spectroscopic data (Tables 4.38 and 4.39.) were found to be quite similar to 

the previously published data for chrysophanol-8-O-β-glucopyranoside (94) and 

physcion-8-O-β-glucopyranoside (471). Therefore, compounds 10 and compound 11 

were elucidated as chrysophanol-8-O-β-glucopyranoside and physcion-8-O-β-

glucopyranoside, respectively (Figure 4.79.). 
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Table 4.38. 1H- and 13C-NMR spectroscopic data of chrysophanol-8-O-β-glucoside 
(DMSO-d6, 1H: 600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - 
2 CH 
3 C 146.83 - 
4 CH 118.17 
5 CH 7.85 (d, 8.0) 120.35 C-6, C-8 
6 CH 7.81 (t, 8.0) 135.37 C-8 
7 CH 7.67 (d, 8.0) 122.42 C-6, C-8 
8 C - 158.09 - 
9 C - - 
10 C - 182.54 - 
11 C - - 
12 C - - 
13 C - 121.62 - 
14 C - 134.79 - 
3-CH3 CH3 2.38 (s, 3H)   21.48 - 
1' CH 5.12 (d, 7.7) 100.64 C-8  
2' CH 3.49 – 3.31   73.24 C-3', C-4' 
3' CH 3.49 – 3.31   76.45 C-2', C-4', C-5' 
4' CH 3.22 (t, 9.3)   69.54 C-4' 
5' CH 3.49 – 3.31   77.34 C-3', C-4' 
6' CH2 3.73 – 3.68 

3.50 (t, 6.0) 
  60.60 C-1', C-4', C-5' 
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Table 4.39. 1H- and 13C-NMR spectroscopic data of physcion-8-O-β-glucoside 
(DMSO-d6, 1H: 600 MHz, 13C: 151 MHz). 

C/H δH (ppm), J (Hz) δC (ppm) HMBC (HèC) 

1 C - - 
2 CH 124.82 
3 C - - 
4 CH 118.82 
5 CH 7.35 (d, 2.5) 106.31 C-7 
6 CH 164.54 
7 CH 7.17 (d, 2.5) 107.30 C-5, C-6 
8 C - 160.65 - 
9 C - - 
10 C - 182.14 - 
11 C - - 
12 C - - 
13 C - 114.68 - 
14 C - 136.35 - 
3-CH3 CH3 2.40 (s, 3H)   21.44 
6-O-CH3 CH3 3.95 (s, 3H)   56.09 
1' CH 5.16 (d, 7.7) 100.68 C-8 
2' CH 3.49 – 3.31   73.24 C-3', C-4' 
3' CH 3.49 – 3.31   76.60 C-2', C-4', C-5' 
4' CH 3.18 (t, 9.0)   69.79 
5' CH 3.49 – 3.31   77.51 C-3', C-4' 
6' CH2 3.73 – 3.68 

3.50 (t, 6.0) 
  60.76 C-1', C-4', C-5' 
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4.3 Cytotoxicity 

4.3.1 Cytotoxicity of Anthraquinones towards Sensitive and Drug-

Resistant Cancer Cells 

As a first step, cytotoxicities of main anthraquinone aglycons in Rumex 

acetosella were investigated towards drug-sensitive CCRF-CEM and multidrug-

resistant P-glycoprotein-overexpressing CEM/ADR5000 leukemia cells by means of 

resazurin assay, since those cells were more sensitive than other cell lines.  

The cytotoxicities of the main anthraquinone aglycons were determined and 

presented in the graphs (Figures 4.90.-4.93.). The IC50 values of emodin, aloe-

emodin, rhein and physcion were 35.62 µM, 9.872 µM, 34.42 µM and 123.5 µM, 

respectively for CCRF-CEM cells and 35.27 µM, 12.85 µM, 46.87 µM and 74.79 

µM, respectively for CEM/ADR5000 cells. The degrees of resistance were calculated 

by dividing the IC50 values of CEM/ADR5000 cells by the IC50 values of CCRF-

CEM. Compared to their corresponding sensitive cell lines, collateral sensitivity 

(hypersensitivity) of CEM/ADR5000 cells towards physcion (0.61-fold) was 

observed. Aloe-emodin was the most cytotoxic compound among four 

anthraquinones with IC50 values of 9.872 µM (CCRF-CEM) and 12.85 µM 

(CEM/ADR5000) (Figure 4.91.). We observed clinically used doxorubicin to have 

IC50 values as 0.0007 µM and 10.98 µM towards CCRF-CEM and CEM/ADR5000, 

respectively. It is worth noting that the IC50 value of aloe-emodin was nearly as 

comparable as that of doxorubicin towards CEM/ADR5000 cells (Figure 4.94.).  
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Figure 4.90. Dose response curve of leukemia cells treated by emodin. 

(CCRF/CEM IC50: 35.62 µM, CEM/ADR5000 IC50: 35.27 µM) 

 

 
Figure 4.91. Dose response curve of leukemia cells treated by aloe-emodin. 

(CCRF/CEM IC50: 9.872 µM, CEM/ADR5000 IC50: 12.85 µM) 

10-4 10-2 100 102
0

20

40

60

80

100

Emodin

Conc. µM

C
el

lV
ia

bi
lit

y
%

CCRF-CEM

CEM/ADR5000

10-4 10-2 100 102
0

20

40

60

80

100

 Aloe-emodin

Conc. µM

C
el

lV
ia

bi
lit

y
%

CCRF-CEM

CEM/ADR5000



248 

Figure 4.92. Dose response curve of leukemia cells treated by physcion. 

(CCRF/CEM IC50: 123.5 µM, CEM/ADR5000 IC50: 74.79 µM) 

Figure 4.93. Dose response curve of leukemia cells treated by rhein. 

(CCRF/CEM IC50: 34.42 µM, CEM/ADR5000 IC50: 46.87 µM) 
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Figure 4.94. Dose response curve of leukemia cells treated by doxorubicin. 

(CCRF/CEM IC50: 0.0007 µM, CEM/ADR5000 IC50: 10.98 µM) 
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We further conducted preliminary cytotoxicity studies for the compounds 

isolated from R. acetosella. Cytotoxic effects of the compounds except for the 

compounds 3 and 5 (since the isolated amounts for both were too small for dose 

response curves and IC50 determination) were investigated towards CCRF-CEM and 

CEM/ADR5000. None revealed notable cytotoxicity at 10 µg/mL (To evaluate a 

compound as cytotoxic, cell viability must be less than 30% at 10 µg/mL). Therefore, 

we moved to further researches only regarding aloe-emodin, since that revealed the 

most profound cytotoxicity in our pair of sensitive and multidrug-resistant leukemia 

cell lines.  

Cell viabilities of isolated compounds towards CCRF-CEM and 

CEM/ADR5000 leukemia cells at 10 µg/mL as preliminary cytotoxicity researches 

were shown in Table 4.40.. 

Table 4.40. Cell viabilities of isolated compounds towards CCRF-CEM and 
CEM/ADR5000 leukemia cells at 10 µg/mL. 

Compound Cell viability% 
CCRF-CEM CEM/ADR5000 

(E)-piceid 86.2 ± 1.3 91.6 ± 1.2 
Nepodin-8-O-β-glucoside 84.9 ± 2.8 81.3 ± 1.8 
Emodin 86.2 ± 3.7 84.8 ±3.9 
Emodin-8-O-β-glucoside 83.4 ± 2.5 79.6 ± 2.8 
Catechin 71.33 ± 6.9 81.12 ± 3.5 
Rumejaposide G and 
Rumejaposide H 

80.72 ± 2.9 79.03 ± 2.8 

Chrysophanol-8-O-β-
glucoside 
Physcion-8-O-β-glucoside 

48.74 ± 1.7 78.9 ± 2.9 

Acetoselloside 90.2 ± 2.3 93 ± 3.5 
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As a next step, we tested the cytotoxicity of aloe-emodin towards pairs lines 

from different tumor types and different drug resistant mechanisms. The following 

cell lines were treated with aloe-emodin and measured by the resazurin assay: 

(1) Breast cancer cells: MDA-MB-231-pcDNA cells and a multidrug-resistant 

subline transfected with a BCRP cDNA (MDA-MB-231-BCRP clone 23). 

(2) Embryonic kidney cells: wild type HEK293 cells and a multidrug-resistant 

subline transfected with an ABCB5 cDNA (HEK293-ABCB5). 

(3) Colon cancer cells: HCT116 cells with wild-type TP53 tumor supressor gene 

(HCT116(p53+/+)) and HCT116 knockout cells (HCT116(p53-/-)). 

(4) Brain tumor cells: wild type U87.MG and a subline transfected with a 

deletion-activated EGFR cDNA (U87.MG∆EGFR). 

As shown in Figures 4.95.-4.98., we determined aloe-emodin’s cytotoxicity 

towards pairs lines from different tumor types and different drug resistant 

mechanisms. IC50 values ranged from 16.47 µM to 22.3 µM for drug-sensitive and 

wild-type cell lines and from 11.19 µM to 33.76 µM for drug-resistant and 

transfected sublines. The IC50 values of aloe-emodin towards HCT116(p53+/+), 

U87.MG, MDA-MB-231-pcDNA and HEK293 were 16.47 µM, 21.73 µM, 22.3 µM 

and 16.9 µM, respectively. For resistant cell lines the IC50 values were detected as 

11.19 µM (HCT116(p53-/-)), 33.76 µM (U87.MG∆EGFR), 26.95 µM (MDA-MB-

231-BCRP clone 23) and 25.92 µM (HEK293-ABCB5), respectively. Collateral 

sensitivity (hypersensitivity) to aloe-emodin was observed in HCT116 (p53-/-) 

knockout cells (0.68-fold). Aloe-emodin was taken into the further researchers 

towards CCRF-CEM cells, since it displayed the best cytotoxicity on these cells. 
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Figure 4.95. Dose response curve of breast cancer cells treated by aloe-
emodin. 

(MDA-MB-231-pcDNA IC50: 22.3 µM, MDA-MB-231-BCRP clone 23 IC50: 

26.95 µM) 

Figure 4.96. Dose response curve of human embryonic kidney cells treated 
by aloe-emodin. 

(HEK293 IC50: 16.9 µM, HEK293-ABCB5 IC50: 25.92 µM) 
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Figure 4.97. Dose response curve of colon cancer cells treated by aloe-
emodin. 

(HCT116(p53+/+) IC50: 16.47 µM, HCT116(p53-/-) IC50: 11.19 µM) 

 

 
Figure 4.98. Dose response curve of brain tumor cells treated by aloe-

emodin. 

(U87.MG IC50: 21.73 µM, U87.MG∆EGFR IC50: 33.76 µM) 
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4.3.2 Cytotoxicity of Aloe-emodin towards CCRF-CEM cells by means 

of Protease Viability Marker Assay 

The cytotoxicity of aloe-emodin was futher investigated by means of protease 

viability marker assay in order to rule out any cross-talk or reciprocal 

interdependence with resazurin assay, which depends on redox system. Since, we 

detected aloe-emodin to induce excessive ROS production in our advancing studies, 

which might affect the resuts of resazurin assay. Therefore, we performed protease 

viability marker assay by measuring the protease activity within living cells. Aloe-

emodin presented strong cytotoxicity towards CCRF-CEM cells with the IC50 value 

of 13.8 µM, which was quite similar to the data gained by resazurin assay (Figure 

4.99.). 

Figure 4.99. Cytotoxicity of aloe-emodin towards CCRF-CEM cells by 
means of protease viability marker assay. 
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4.3.3 Toxicity of Aloe-emodin in Normal Cells 

We also investigated aloe-emodin’s toxicity towards normal cells, as well. 

The human peripheral mononuclear cells (PMNC) were isolated from fresh blood 

samples of a healthy donor and tested against various concentrations of aloe-emodin 

ranging from 0.001-100 µM. Interestingly, aloe-emodin did not show any cytotoxic 

activity towards the normal cells at all concentrations tested (Figure 4.100.).  

 

Figure 4.100. Toxicity of aloe-emodin in normal cells. 
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4.4 Differential Transcriptome-wide mRNA Expression upon Aloe-

emodin Treatment 

We performed microarray hybridization experiments to find clues on the 

possible mechanisms of action of aloe-emodin and to generate testable hypothesis. 

CCRF-CEM cells were treated with IC50 concentration of aloe-emodin or DMSO for 

48 h. Using Chipster software, 1712 genes were found to be deregulated upon aloe-

emodin treatment in comparison with DMSO treatment as control. These genes were 

subsequently subjected to IPA (Ingenuity Pathway Analysis) to obtain profiles of 

possibly affected signaling pathways. The most pronounced molecular and cellular 

functions identified by IPA were: cell death and survival, cellular growth and 

proliferation, cellular development, gene expression, cellular function and 

maintenance (Figure 4.101.). NF-κB pathway was seen to be downregulated via 

pathways shown in Figures 4.102 and 4.103..  
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Figure 4.102. Signaling networks regulated by deregulated genes (A). 
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Figure 4.103. Signaling networks regulated by deregulated genes (B). 
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4.5 Validation of Microarray Data by qPCR 

As a result of pathway analysis of microarray data, the most deregulated 

genes were additionally shown in Figure 4.104.. Two up- or down-regulated genes 

were selected for qPCR analysis (DUSP6, HHEX, MCMDC2, CRCP). Their 

expression was normalized to GAPDH. Then, the fold-change values of aloe-

emodin-treated and untreated samples obtained from microarray hybridization and 

qPCR were subjected to Pearson correlation test. We obtained a correlation 

coefficient R-value of 0.989, indicating a high consistency of microarray and qPCR 

data (Table 4.41.).  
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Table 4.41. Validation of microarray-based gene expressions by real-time reverse 
transcription-PCR. 

Gene name Microarray data (FC)* qPCR data (FC) 
DUSP6 2.403 1.40 
HHEX 2.321 2.23 

MCMDC2 -2.227 -2.47 
CRCP -2.219 -2.63 

R value= 0.989 (Correlation coefficient of mRNA expression values between 
microarray and qPCR was determined by Pearson correlation test).  

• FC: Fold change.
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4.6 Detection of Reactive Oxygen Species (ROS) 

IPA revealed that the deregulated genes were correlated with substantially 

apoptosis as well as other cellular functions including DNA replication, 

recombination and repair. Therefore, we assumed that oxidative stress generated in 

cells might be a reason for DNA damage; thus leading the cells to go apoptosis. 

CCRF-CEM cells were treated with 0.5-, 1-, 2- and 4- fold IC50 values of 

aloe-emodin, respectively for 1 h. As expected, aloe-emodin stimulated ROS 

production in a dose dependent manner with the fold changes ≥ 1.5. Remarkably, 

aloe-emodin induced even higher ROS generation in all studied than doxorubicin (1 

µM) and H2O2 (250 µM) as positive controls (Figure 4.105.). 
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Figure 4.105. Induction of ROS level in CCRF-CEM cells after treatment with 0,5-, 
1-, 2- and 4-fold IC50 values of aloe-emodin, DMSO as control, doxorubicin (1 µM) 
and H2O2 (250 µM) as positive control for 1 h and statistical quantification of ROS 
level. Mean values ± SD of three independent experiments are shown. 
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Excessive ROS production is known to evoke DNA damage in cells (478, 

479). Pathway analysis of microarray results also showed that genes associated with 

DNA metabolism, replication, recombination and repair were deregulated (Figure 

3A). This may imply that aloe-emodin could induce DNA damage. For this reason, 

we performed alkaline comet assay to detect single and double-stranded DNA 

damage. 

4.7 Comet Assay 

In the light of the pahway analysis, DNA metabolism comprising DNA 

replication, recombination and repair was observed to be deregulated. Therefore we 

tested aloe-emodin’s effect on the DNA of CCRF-CEM cells by treating the cells 

with 1-, 2- or 4-fold IC50 of aloe-emodin for 24 h. We compared the DNA of aloe-

emodin-treated cells with the DNA of DMSO-treated cells as negative control. Aloe-

emodin indeed induced comet tails indicating DNA damage and increased 

percentages of tail DNA. We additionally monitored DNA migration with tail and 

olive tail movements and accomplished aloe-emodin to induce DNA damage in a 

dose-dependent manner (Figures 4.106.-4.108.).     
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Figure 4.108. Three parameters of Comet assay were detected including tail 
DNA %, tail moment and olive moment. Tail and olive tail movement were 
presented in arbitrary units. Results were presented as mean ± SEM of at least 50 
cells for each. ns not significant, **p < 0.005; ***p < 0.0001 as compared to control 
cells. *p < 0.05 compared with DMSO. Mean values ± SEM of three independent 
experiments are shown.  
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4.8 Cell Cycle Analysis 

Pathway analysis of microarray data indicated that genes associated with cell 

cycle progression were deregulated by aloe-emodin. Therefore, we investigated 

whether aloe-emodin causes cell cycle arrest or not. We treated CCRF-CEM cells 

with 0.5-, 1-, 2- and 4- fold IC50 of aloe-emodin for 6, 24, 48 and 72 h, respectively. 

Indeed, the cells showed a clear arrest on S-phase of the cell cycle upon the treatment 

with 4- fold IC50 of aloe-emodin for 24 h (Figure 4.109.). Doxorubicin was used as a 

positive control and the cells treated with 0.01 µM and 0.1 µM Doxorubicin for 24 h 

revealed S and G2/M arrest (Figure 4.110.).   
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Figure 4.109. DNA histograms and cell cycle distribution of CCRF-CEM cells 
treated with indicated concentrations of aloe-emodin for 24 h. 
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Figure 4.110. DNA histograms and cell cycle distribution of CCRF-CEM cells 
treated with indicated concentrations of doxorubicin, respectively for 24 h. 

DMSO 0.001 µM 

0.01 µM 
  

1 µM 

G1 

S

G2/M 

C
el

l c
ou

nt
 

Fluorescence 

0% 

20% 

40% 

60% 

80% 

100% 

Control 0.001 µM 0.01 µM 0.1 µM 

P
er

ce
nt

ag
e 

of
 c

el
ls

 (
%

) 

Doxorubicin concentration (µM)    

  

G2/M 

S 

G1 



272 

Aloe-emodin-induced S phase arrest can be taken as a hint that the cell cycle 

disturbance is a consequence of oxidative stress and DNA damage. Pathway analysis 

of microarray data also pointed out this hypothesis. Therefore, we investigated this 

hypothesis in details.   

4.9 Measurement of Mitochondrial Membrane Potential 

DNA damage causes apoptosis (479). Numerous apoptosis-regulating genes 

were deregulated according to Ingenuity Pathway Analysis of microarray data, which 

represents another clue for apoptosis induction following aloe-emodin exposure. An 

early event in mitochondria-driven apoptosis is MMP breakdown (480, 481). 

Mitochondria control cell death by releasing cytochrome c to the cytosol and 

followed by activating caspases (482).  

We analyzed possible alterations of MMP in CCRF-CEM cells. Therefore, 

we treated the cells with 1-, 2- and 4-fold IC50 of aloe-emodin, respectively and 

incubated for 24 and 48 h. Doxorubicin was further tested as a positive control at 

0.001, 0.01, 0.1 and 1 µM for 48 h. JC-1-stained CCRF-CEM cells revealed a shift 

from red to green fluorescence following 2- and 4-fold IC50 treatment of aloe-emodin 

(Figures 4.111. and 4.112.) and 0.01, 0.1, 1 µM treatment of doxorubicin for 48 h 

(Figure 4.113.), indicating MMP depolarization. 
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4.10 Detection of Early Apoptosis and Necrosis 

We performed annexin V/PI staining to detect apoptotic or necrotic cell death 

on CCRF-CEM cells. The gated cells show the populations corresponding to viable 

and non-apoptotic (Annexin V–PI–), early (Annexin V+PI–), and late apoptotic and

early necrotic (Annexin V+PI+), late necrotic (Annexin V–PI+) cells. Aloe-emodin

induced early, late apoptosis and early, late necrosis with the treatment of 47.8 µM 

corresponding to its 4×IC50 for 72h or early, late apoptosis and early, late necrosis 

with the treatment of 23.9 µM, 47.8 µM corresponding to its 2×IC50, 4×IC50, 

respectively, for 96 h (Figures 4.114. and 4.115.), whereas clinically used 

doxorubicin inclined late apoptosis and early necrosis at 0.1 µM or late necrosis at 1 

µM for 72 h treatment (Figure 4.116.).   
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4.11 COMPARE and Hierarchical Cluster Analysis of Transcriptome- 

Wide mRNA Expression in Untreated Cell Lines 

The mRNA microarray data of the NCI tumor cell lines has been reported and 

deposited at the NCI website. COMPARE analyses were applied to generate rank-

ordered lists of genes expressed in the NCI cell lines as previously described (462, 

483). Briefly, every gene of the NCI microarray database was ranked for similarity 

of its mRNA expression to the log10IC50 values for aloe-emodin. To derive 

COMPARE rankings, a scale index of correlation coefficients (R-values) was created 

(Table 4.42.). 

The mRNA expression data of the cell lines were submitted to hierarchical 

cluster analyses. Each three main cluster branches appeared in the dendrogram for 

aloe-emodin (Figure 4.117.). We examined the distribution of sensitive or resistant 

cells to aloe-emodin by using the chi-square (χ2) test.  

To perform the χ2-test, we defined the cell lines as being sensitive or resistant 

to Aloe-emodin. The log10IC50 value of Aloe-emodin for all cell lines (−4.35 M) 

served as cut-off threshold. Cell lines with log10IC50 values below this threshold were 

defined as sensitive while, cell lines above this threshold as resistant. Cluster 1 and 

cluster 3 contained mainly sensitive and resistant cell lines, respectively, whereas 

cluster 2 was of a mixed type. This distribution of sensitive and resistant cell lines 

was statistically significant (χ2 test, P = 5.90×10-7; Table 4.43.). This implies that the 

expression of this set of genes caused dendrogram branching in a way that gene 

expression predicted the inherent cellular responsiveness to Aloe-emodin in a 

statistically significant manner.  

The analysis of microarray data showed that, genes involved in signal 

transduction, apoptosis, nucleic acid metabolism etc. seemed to have a role for 

inherent resistance responsiveness of tumor cells towards aloe-emodin. 
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Table 4.43. Separation of clusters of NCI cell line panel obtained by hierarchical 
cluster analysis shown in Figure 4.111. in comparison to drug sensitivity

a
. 

 Partition Cluster 1 Cluster 2 Cluster 3 

Sensitive < -4.35 M 0 8 12 

Resistant > -4.35 M 16 5 0 

chi-square test: p= 5.90 ×10-7 

aThe median log
10

IC
50

 value (−4.35 M) for each compound was used as a cutoff to separate tumor cell 
lines as being “sensitive” or “resistant”. 

 

 

 

Figure 4.117. Hierarchical cluster analysis of microarray-based mRNA expression 
of genes for aloe-emodin. The dendrograms show the clustering of the NCI cell line 
panel according to the degrees of relatedness between cell lines.  
 

  

!

1 6

1 9

2 7

4 0

1 7

2 0

9

2 2

6

1 8

2 6

3 7

1 4

3 2

2 3

3 3

3 8

2 8

3 0

2 4

2 5

1

3

3 9

2 9

1 5

1 1

1 2

7

3 4

2 1

3 6

8

3 5

1 0

3 1

4

5

4 1

2

1 3

1 
1 

2 
2 

3 
3 

Cell line  Tumor type 
NCI-H522  Lung Ca 
HL60(TB)  Leukemia 
SK-MEL-5  Melanoma 
SW-620  Colon Ca 
HCT-15  Colon Ca 
KM12  Colon Ca 
HCT-116  Colon Ca 
COLO 205  Colon Ca 
NCI-H460  Lung Ca 
RPMI-8226  Leukemia 
MOLT-4  Leukemia 
CCRF-CEM  Leukemia 

Cell line  Tumor type 
SK-MEL-2  Melanoma 
SK-MEL-28  Melanoma 
M14  Melanoma 
UACC-257  Melanoma 
SN12C  Renal Ca 
MALME-3M  Melanoma 
NCI-H322M  Lung Ca 
HT29  Colon Ca 
A549/ATCC  Lung Ca 
ACHN  Renal Ca 
LOX IMVI  Melanoma 
HCC-2998  Colon Ca 
SR  Leukemia 

Cell line  Tumor type 
TK-10  Renal Ca 
CAKI-1  Renal Ca 
OVCAR-4  Ovarian Ca 
SF-268  Brain tumor 
NCI-H23  Lung Ca 
SK-OV-3  Ovarian Ca 
HOP-92  Lung Ca 
RXF 393  Renal Ca 
U251  Brain tumor 
SNB-75  Brain tumor 
A498  Renal Ca 
SNB-19  Brain tumor 
SF-295  Brain tumor 
NCI-H226  Lung Ca 
OVCAR-5  Ovarian Ca 
HOP-62  Lung Ca 

2 

1 

3 



  

	  
	  

288 

4.12 Gene Promoter Binding Motif Analysis 

The genes identified by COMPARE analysis (Table 4.42.) were subjected to 

gene promoter binding motif analysis to evaluate their regulation at transcription 

level. We hypothesized that genes with high frequency of binding motifs in their 

promoters for NF-κB may be tightly regulated by this transcription factor. Cistrome 

analysis recognizes binding sites for transcription factors in DNA promoter regions. 

Therefore, we investigated the DNA promoter sequences of 40 genes identified by 

COMPARE analysis for NF-κB which were screened 75 kb upstream of the 

transcription start site of the genes of interest and significantly associated with 

cellular responsiveness to aloe-emodin. All 40 genes identified by COMPARE 

analysis was observed to have NF-κB binding motifs being remarkably enriched 

(with a log p-value of −18.92) with 50 hits (Figure 4.118., Table 4.44.), which 

showed NF-κB elements including NF-κB may have a notable function for the 

regulation of genes associated with cellular response to aloe-emodin 
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Table 4.44. Binding motifs for NF- κB in the promoter region of 40 genes, which 
were significantly associated with cellular responsiveness to aloe-emodin in the NCI 
cell line panel.  

Gene symbol Chromosome Start End Binding sequence 
1. DLAT chr11 111997749 111997763 TTGTGCATATATAG 
2. RPS21 chr10 119113652 119113666 TTTTTGTGCGTGAA 
3. CS chr12 56344136 56344150 CTGGATACCCAAAG 
4. LARS2 chr3 45350094 45350108 TGTTGCCTTGATGG 
5. NPM3 chr10 101825017 101825031 GTGAAGCTTAGTCA 
6. RPS27A  chr2 55215906 55215920 CTATCTCAACATCT 
7. KIAA0564 chr13 41999752 41999766 TCTATCTCTGCACT 
8. SUPT7L chr2 27701145 27701159 ACTTTTTACTACTA 
9. PASK chr2 241219240 241219254 CTAATGTTGGAGCA 
10. WDR43 chr2 28863756 28863770 TAGATAATATTCAT 
11. RPS21 chr20 62386554 62386568 GAATTTCTCCTCTG 
12. POLG2 chr17 64562714 64562728 AAGCAATGGGTTTC 
13. NDUFB8 chr10 100572948 100572962 ATTTGAGGACTTGT 
14. MTHFD2 chr2 74172271 74172285 GTCACAGACCACAA 
15. AGAP2 chr12 57797085 57797099 AGGTGCTCTGCAGT 
16. LRPPRC chr2 44045417 44045431 GAATGTCTGCTAAA 
17. NDUFS3 chr11 47542435 47542449 GAGATCCATTAGGT 
18. PDCD11 chr10 103353129 103353143 AGGGGTGGTAGCTC 
19. SF1 chr9 124552393 124552407 GCACAGCAGTGTAA 
20. SMARCC1 chr3 47813678 47813692 CCTGATTGTGTCTT 
21. GALNT10 chr5 154161773 154161787 TCTATAAAAGTGAC 
22. POFUT2 chr21 45345205 45345219 CTGGATTTTCAACA 
23. TBC1D9 chr4 140798131 140798145 GGTGAGCACGGAGT 
24.ATP6V0E1 chr5 172939868 172939882 ACGTACACACACGG 
25. SKP1 chr5 134228623 134228637 TAAGGAATGAATTC 
26. ITM2B chr13 48212117 48212131 AGAACGTCCCTGTT 
27. CACNG1 chr17 67002469 67002483 AAGAACTGTTCTCA 
28. KDELR2 chr7 6519981 6519995 ATGCTGCAGGTGGG 
29. FHL1 chrX 136106408 136106422 GAGAGTTATTAAGA 
30. DAPK3 chr19 4007477 4007491 CCCACCTGCGCAGG 
31. CAMTA1 chr1 6746269 6746283 AGGCAGCTCCCTAC 
32. PXDN chr2 1810469 1810483 TGTGTTTATTCTCT 
33. CD59 chr11 33780595 33780609 ATTGGCCTGTTTTG 
34. PGM1 chr1 63566587 63566601 CCTCTTTGGTTGAA 
35. RHOC chr1 112758006 112758020 TGCAGCAGGGCTGA 
36. AP2M1 chr3 184140611 184140625 CTGAGGTCAGCCTG 
37. VAMP3 chr1 7737258 7737272 TGGGCGTGTGCCCT 
38. PTPRK chr6 128573205 128573219 NNCCAGGGCTTTTT 
39. TMEM184B chr22 38310244 38310258 ATGAGTCAGACACA 
40. TPM1 chr15 63000315 63000329 ATTCATAGCACCTG 
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Figure 4.118. Motif analysis of 75 kb upstream regions of 40 genes identified by 
COMPARE analysis revealing the presence of NF-κB binding motif. NFκB1 (id 
M00194); DBD: RHR (Rel homology region); cutoff: 7.186; z-score: -5.697; -10log 
(p-value): 189.155. 
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4.13 NF-κB Reporter Assay  

NF-κB plays not only an important role in inflammation and immunity, but 

also in cancer initiation, progression and inhibition of programmed cell death (486-

488), indicating that it is a crucial target for cancer theraphy.  

Based on IPA of microarray data and gene promoter binding motif analysis, 

NF-κB may be an important target and act as transcriptional regulator of genes 

associated with cellular responsiveness to aloe-emodin. Therefore, it was assumed 

that NF-κB could be important for aloe-emodin’s effect towards CCRF-CEM cells. 

The microarray data indicated that NF-κB was shown to be downregulated by aloe-

emodin in CCRF-CEM cells by several pathways (Figure 4.102. and 4.103.) 

Additionally, TNF, CD48, HLA-B, CD44, ALOX5AP, BNIP3, ANGPT1, MDK, NF-

κB1, STAT5a, G6PD, PRKCD, S100A10, S100A6 as NF-κB target genes were seen 

to be downregulated. Therefore, a SEAP-driven NF-κB reporter cell line was used to 

prove a possible role for aloe-emodin. Indeed, aloe-emodin induced a dose-

dependent inhibition on NF-κB transcriptional activity (Figure 4.119.). Triptolide 

treatment (1 µM) for 1 h served as positive control. 

 

Figure 4.119. Inhibition of transcriptional activity of NF-κB by aloe-emodin 
in a SEAP-driven NF-κB reporter cell line. Mean values ± SD of three independent 
experiments are shown. 
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4.14 Molecular Docking 

The results of the pathway analysis of microarray data, motif analysis and 

reporter assay indicate that we commented that aloe-emodin may have a connection 

with NF-κB signaling. We further proved this hypothesis with molecular docking 

analysis (Tables 4.45. and 4.46.). 

We analyzed the binding of aloe-emodin to several proteins involved in NF-

κB activation, i.e. IκK, NEMO, p50, p65 and p52ReIB. Figures 4.120., 4.123., 

4.126. and 4.129. show overall proteins while Figures 4.121., 4.124., 4.127. and 

4.130. show aloe-emodin bindings on those proteins. Interestingly, aloe-emodin 

bound with high affinity to p52RelB and to the complexes of IκK-NEMO and p50-

p65 (Table 4.46.). The lowest binding energies ranged from -7.57 to -9.58 kcal/mol 

and the pKi values from 0.563 (± 0.3) to 4.23 (± 2.44) µM. This indicates that aloe-

emodin may inhibit NF-κB signaling by interfering with different targets of the NF-

κB activation cascade. The binding of aloe-emodin was only modest to IκK (the 

lowest binding energy: -6.98 kcal/mol; pKi value: 7.69 (± 0.005) µM). Triptolide as 

known NF-κB inhibitor was used as positive control in the molecular docking 

analysis (Figures 4.121., 4.125., 4.128. and 4.131.). Triptolide revealed good 

binding energy to the IκK-NEMO complex (the lowest binding energy: -9.58 

kcal/mol) however with a fair pKi value (95.3 ± 0.61 µM) (Table 4.46.). The binding 

to the other proteins occurred with less activity than aloe-emodin, indicating that 

aloe-emodin might be a better NF-κB inhibitor than triptolide. 
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Table 4.45. Molecular docking of aloe-emodin and triptolide to NF-κB subunits 
(blind docking). 

Blind 
docking 

Aloe-
emodin 

Lowest 
binding 
energy 

Mean 
binding 
energy 

Residues making 
hydrogen bonds 

Residues 
involved in 

hydrophobic 
interactions 

pKi 

IκK -5.49 -5.04 UNK1:H27 1 

LEU312, 
SER313, 
GLN355, 
LEU361, 
TYR370, 
VAL371, 
ILE372, 

GLY384, 
ASP385, 
LEU386 

135.035 

IκK-
NEMO -6.52 -6.43 UNK1:H30 1 

GLN86, 
GLU89, 
LYS90, 
LEU93, 
GLN86, 
ARG87, 
GLU89, 
LYS90 

78.59 

P50-p65 
complex -5.34 -5.08 1vkx:A:GLU282:HN1 

GLU193, 
LEU194, 
LYS195, 
ILE196, 
CYS197, 
SER281, 
GLU282 

198.18 
 

P52ReIB -7.00 -6.76 UNK1:H30 1 

LYS210 
LYS211 

DA7 
DT8 

DT20 
DC21 
DC22 

8.41 
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Table 4.46. Molecular docking of aloe-emodin and triptolide to NF-κB subunits 
(defined docking). 

 Defined 
docking 

 

Lowest 
binding 
energy 

Mean 
binding 
energy 

Residues 
forming 

hydrogen bonds 

Residues 
involved in 

hydrophobic 
interactions 

pKi 

Iκ
K

 

Aloe-
emodin -6.98 -6.97 UNK1:H27 1 

UNK1:H24 1 

LEU312 
SER313 
GLN355 
LEU361  
TYR370 
VAL371  
ILE372  

GLY384  
ASP385 
 LEU386 

7.69 ± 
0.005 µM 

Triptolide -5.47 -5.42 - 

LEU312 
GLN355 
TYR370 
VAL371 
ILE372 

GLY384 
ASP385 
LEU386 

115.17 ± 
21.3 µM 

Iκ
K

-N
E

M
O

 

Aloe-
emodin -8.12 -8.09 UNK1:H27 1 

UNK1:H30 1 

GLN86 
LYS90 

GLN730 
MET734 
ARG87 
GLU89 
LYS90 
LEU93 

1.13 ± 
0.03 µM 

Triptolide -9.58 -9.57 UNK1:H37 

MET734 
GLN86 
GLU89 
LYS90 
LEU93 

GLN730 
GLN86 
ARG87 
GLU89 
LYS90 

95.3 ± 
0.61 µM 

P5
0-

p6
5 

co
m

pl
ex

 Aloe-
emodin -7.57 -7.53 

UNK1:H27 1 
UNK1:H30 1 
UNK1:H24 1 

1vkxA:ILE196:HN 1 
1vkxA:GLU282:HN 

1 

GLU193 
LEU194 
LYS195 
ILE196 
CYS197  
SER281  
GLU282 

4.23 ± 
2.44 µM 

Triptolide -5.33 -5.12 UNK1:H37 
1vkxA:ARG30:HE 1 

ARG30 
GLU193 
GLN271 
GLU279 
LEU280 
SER281 
GLU282 

4.37 ± 
2.43 µM 
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Table 4.46. Molecular docking of aloe-emodin and triptolide to NF-κB subunits 
(defined docking, continued). 

 
Defined 
docking 

 

Lowest 
binding 
energy 

Mean 
binding 
energy 

Residues forming 
hydrogen bonds 

Residues 
involved in 

hydrophobic 
interactions 

pKi 

P5
2R

eI
B

 

Aloe-
emodin -8.88 -8.86 

UNK1:H27 1 
UNK1:H30 1 
UNK1:H24 

P52RelB:B:LYS144:HN1 

LYS143 
LYS144 

DT9 
DC10 
DA18 
DT19 
DT20 

0.563 
± 0.3 
µM 

Triptolide -7.74 -7.74 UNK1:H30 1 

DA7 
DT8 

DT20 
DC21 
DC22 

2.23 ± 
0.006 
µM 

Molecular docking analysis of aloe-emodin and triptolide to NF-κB subunits 

were shown below: 

 

Figure 4.120. IκK as overall protein 
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Figure 4.121. Aloe-emodin docking on IκK. 

 
Figure 4.122. Triptolide docking on IκK. 



  

	  
	  

297 

 
Figure 4.123. IκK NEMO as overall protein. 

 
Figure 4.124. Aloe-emodin docking on IκK NEMO. 



  

	  
	  

298 

 

Figure 4.125. Triptolide docking on IκK NEMO. 

 
Figure 4.126. P50-p65 as overall protein. 
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Figure 4.127. Aloe-emodin docking on p50-p65. 

 
Figure 4.128. Triptolide docking on p50-p65. 
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Figure 4.129. P52ReIB as overall protein. 

 
Figure 4.130. Aloe-emodin docking on p52ReIB. 
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Figure 4.131. Triptolide docking on p52ReIB. 
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4.15 Enzyme Inhibition Assays 

4.15.1 α-Amylase Enzyme Inhibition 

Based on α-amylase enzyme inhibition assay, only ethanol extracts of both 

roots and herbs of Rumex acetosella inhibited α-amylase enzyme. IC50 value of 

ethanol extract of herbs were observed at around 500 µg/mL which was lower than 

that of positive control acarbose (728.55 µg/mL), while ethanol extract of roots 

(>1000 µg/mL) had higher than that of positive control acarbose (Table 4.47. and 

Table 4.48.). Acarbose inhibited α-amylase in dose dependent manner, which 

reached up to 56.2% at 1000 µg/mL. 

 Additionally, anthraquinone aglycons generally seemed to get modest 

inhibition on α-amylase enzyme (Table 4.49.). Their inhibition potentials didn’t 

reach up to 50% in studied concentrations (Figure 4.132.). IC50 value of main 

anthraquinone aglycons as well as ethanol extract of roots ( >1000 µg/mL) couldn’t 

be detected as they required higher concentrations to be determined. Therefore, 

interpretation of structure-activity relationships (SARs) of the main anthraquinone 

aglycons is not a reasonable approach in α-amylase enzyme inhibition assay. 

Table 4.47. α-amylase enzyme inhibitory activity % of positive control acarbose. 

Acarbose  Concentration (µg/mL)  
25 µg/mL 50 µg/mL 100 µg/mL 250 µg/mL 500 µg/mL 1000 µg/mL 

% α- 
amylase 

inhibition 
13.2 ± 1.40 16.4 ± 2.73 26.9 ± 4.39 38.06 ± 4.99 44.7 ± 4.03 56.2 ± 4.39 

Table 4.48. α-amylase enzyme inhibitory activities % of ethanol extracts of R. 
acetosella. 

Concentration (µg/mL) 
Ethanol extracts of R. acetosella 
Roots Herbs 

200 16.26 ± 1.78 - 

400 26.27 ± 4.30 29.90 ± 2.57 

500 33.50 ± 1.78 50.06 ± 2.83 

1000 36.78 ± 1.75 52.60 ± 1.28 
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Table 4.49. α-amylase enzyme inhibitory activities % of main anthraquinone 
aglycones. 
Concentration 

(µg/mL) 
 Main anthraquinone aglycons 

Emodin Aloe-emodin Rhein Chrysophanol Physcion 

10 14.81 ± 2.28 9.14 ± 1.61 2.45 ± 0.64 1.04 ± 1.48 - 

50 17.52 ± 3.29 14.30 ± 0.14 12.88 ± 1.04 15.27 ± 1.94 8.10 ± 1.31 

100 18.47 ± 1.51 16.72 ± 0.67 14.94 ± 1.33 22.68 ± 4.56 11.33 ± 2.24 

200 19.03 ± 2.16 22.44 ± 0.08 28.17 ± 1.78 31.05 ± 3.61 29.32 ± 2.96 

 

 

 

Figure 4.132. α-amylase enzyme inhibitory activities % of main anthraquinone 
aglycones. 
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4.15.2 α-Glucosidase Enzyme Inhibition 

α-Glucosidase inhibitory activities of chloroform, methanol and 70% 

methanol, ethanol and  70% ethanol extracts of the roots and herbs of Rumex 

acetosella showed that almost all extracts had lower IC50 values and got better 

inhibition potential than positive control acarbose (Tables 4.50.-4.52. and 4.54.). 

Chloroform extracts of both Rumex acetosella roots and herbs displayed lower 

inhibition than other studied  extracts. Ethanol extracts of roots and herbs of R. 

acetosella got the lowest IC50 (< 50 µg/mL) in all (Table 4.54.). Methanol, ethanol 

and 70% ethanol extracts of both herbs and roots reached over 90% inhibitory 

activities at higher concentrations (Tables 4.50. and 4.51., Figures 4.133. and 

4.134.). Additionally, main anthraquinone aglycons except for chrysophanol didn’t 

show any inhibition on α glucosidase enzyme. Chrysophanol is the only compound 

in all anthraquinone aglycones with the IC50 value of 206.29 µg/mL, getting lower 

IC50 value than standard acarbose (Tables 4.53. and 4.54.). 

When we evaluate of SARs of the main anthraquinone aglycons based on 

their α-glucosidase inhibitory activities, the 3rd and 6th positions of 1,8-

dihydroxyanthraquinone molecule are expressed to be important. The 6th position 

should be nonsubstituted for enzyme inhibition. Besides, 1,8-

dihydroxyanthraquinone molecule should contain a methyl group at the 3rd position. 

Polar groups at the 3rd position such as –CH2OH and -COOH instead of –CH3 cause 

loss of inhibitory activity. 
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Table 4.50. α-glucosidase enzyme inhibitory activities % of root extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Root extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 - 2.05 ± 2.90 9.90 ± 4.24 78.85 ± 0.68 5.92 ± 3.64 

100 - 30.935 ±1.22 11.45 ± 4.74 95.49 ± 0.32 43.84 ± 4.59  

200 1.8 ± 0.09 63.5 ± 1.41 14.40 ± 2.83 97.33 ± 0.05 91.99 ± 0.32 

400 17.2 ± 0.14 95.75 ± 1.63 66.64 ± 2.06 97.26 ± 0.05 92.82 ± 0.73 

500 30.6 ± 0.12 96.25 ± 0.92 73.50 ± 0.71 97.33 ± 0.05 96.52 ± 0.05 

 

 

 

 
Figure 4.133. α-glucosidase enzyme inhibitory activities % of root extracts of R. 
acetosella. 
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Table 4.51. α-glucosidase enzyme inhibitory activities % of herbal extracts of R. 
acetosella. 
Concentration 

(µg/mL) 
 Herbal extracts of R. acetosella 

CHCl3 CH3OH 70% CH3OH C2H5OH 70% C2H5OH 

50 9.1 ± 0.14 42.4 ± 5.52 20.50 ± 0.57 80.84 ± 1.84 16.25 ± 1.22 

100 12.9 ± 2.83 49.45 ± 2.05 38.40 ± 1.98  95.30 ± 0.18  60.14 ± 2.67 

200 25.7 ± 4.24 57.75 ± 3.18 52.20 ± 3.25 95.41 ± 0.02 93.66 ± 0.02 

400 38.7 ± 1.70 84.5 ± 2.83 59.40 ± 2.83 95.43 ± 0.41 93.90 ± 0.15 

500 53.6 ± 1.98 91.7 ± 2.26 79.80 ± 3.54 95.43 ± 0.05 95.99 ± 0.13 

 

 

 

 
Figure 4.134. α-glucosidase enzyme inhibitory activities % of herbal extracts of R. 
acetosella. 
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Table 4.52. α-glucosidase enzyme inhibitory activity % of acarbose. 

Acarbose 
Concentration 

250 µg/mL 500 µg/mL 1000 µg/mL 2500 µg/mL 5000 µg/mL 

% α 

glucosidase 

inhibition 

- 6.05 ± 5.44 19.36 ± 3.56 47.30 ± 1.75 67.61 ± 0.76 

Table 4.53. α-glucosidase enzyme inhibitory activity % of chrysophanol. 

Chrysophanol 
Concentration 

100 µg/mL 250 µg/mL 500 µg/mL 

% α-glucosidase 

inhibition 28.60 ± 2.1 58.60 ± 3.05 71.10 ± 1.20 

Table 4.54. The concentrations of R. acetosella extracts, chrysophanol and acarbose 
required for 50% inhibition (IC50) of α-glucosidase enzyme. 

Extracts IC50 values of extracts, chrysophanol and acarbose (µg/mL) 
Roots Herbs Chrysophanol Acarbose 

CHCl3 > 500 475.84 

206.29 2832.8 
CH3OH 158.54 106.63 

70% CH3OH 336.29 184.06 

C2H5OH < 50 < 50 

70% C2H5OH 112.80 88.45 
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5. DISCUSSION 

 

In recent years, incidences of cancer and diabetes have rapidly increased. 

Cancer is one of the leading cause of death worldwide. In 2012, 14.1 million patients 

were diagnosed (33) and new cases with cancer are predicted to increase by 70% 

over the next 20 years (34). Likewise, patients with diabetes mellitus have been 422 

million nearly quadrupling since 1980 and inclined 1.5 million deaths in 2012 as 

indicated in WHO reports (51). These statistics have led us to investigate medicinal 

plants traditionally used for these diseases. Rumex acetosella have been used against 

cancer and diabet in folk medicine (13, 17-19, 44-47). In this thesis, cytotoxic and 

antidiabetic activities of R. acetosella were investigated.  

Oxidative stress plays an important role in the etiology of many diseases. 

Therefore, primarily we examined antioxidant potentials of ethanolic, methanolic, 

70% ethanolic, 70% methanolic and chloroform extracts of R. acetosella as 

preliminary studies. We performed DPPH, ABTS, NO radical scavenging acitivity 

assays as well as phosphomolybdate assay to test antioxidant capacities of the 

extracts. In general terms, specificially methanolic and ethanolic extracts could be 

evaluated as good antioxidants. Our results showed DPPH (RC50 of the ethanolic 

extract of herbs and methanolic extract of roots are 59.66 and 67.94 µg/mL, 

respectively, while RC50 of ascorbic acid is 15.89 µg/mL), ABTS (RC50 of 

methanolic extract of herbs and roots are 65.57 and 70 µg/mL, respectively, while 

RC50 of trolox is 6.21 µg/mL), NO (RC50 of ethanolic extract of herbs and roots are 

208.61 and 280 µg/mL, respectively, while RC50 of ascorbic acid is >800 µg/mL) 

radical scavenging activities. In general terms, radical scavenging capacity of 

methanolic and ethanolic extracts were evaluated as fairly good. Total antioxidant 

capacities by phosphomolybdate assay showed that methanolic extract of the herbs 

and 70% ethanolic extract of the roots to have 324.03 and 422.6 mg AEE/g extract, 

respectively, which may be attributable the presence of phenolic substances. 

There have not been extensive researches about phytochemical profile of R. 

acetosella till now. For the detailed investigation, we isolated the compounds from 

R. acetosella before proceeding activity assays related diabetes and cytotoxicity. 

Standard chromatographic methods such as Sephadex, normal and reverse phase 
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column chromatographies were used for the isolation of the compounds. The 

structures of these compounds were identified with spectroscopic data such as IR, 

NMR, MS and the measurement of optical rotations. 12 compounds isolated from the 

roots of R. acetosella. These compounds were identified a stilbene derivative (E)-

piceid, an ethanone derivative and new compound ethanone,1-[2-(β-

glucopyranosyloxy)-4-hydroxy-6-methylphenyl)] (named as acetoselloside), a 

naphthalene derivative nepodin-8-O-β-glucoside, a tannin derivative catechin, lignan 

derivatives lyoniside and isolariciresinol-9-O-β-xyloside and anthranoid derivatives 

rumejaposide G, rumejaposide H, emodin, emodin-8-O-β-glucoside, chrysophanol-8-

O-β-glucoside and physcion-8-O-β-glucoside. Isolated compounds distinct from 

emodin and chrysophanol-8-O-β-glucoside were detected for the first time in the title 

plant. Additionally, compound 2 was identified as a new compound and named as 

acetoselloside.  

Thousands of cytotoxic phytochemicals are present in medicinal plants; still 

most of them have not reached to the clinical stage. We need to find new substances 

which are more effective than established anticancer drugs and put them into 

treatment. 

Phytochemical profile of R. acetosella mainly comprises anthraquinones, 

which are analogous to anthracyclines-clinically well known drugs. Preliminary 

cytotoxicity researches of the isolated compounds and commercial anthraquinone 

aglycones were conducted on CCRF-CEM cells (leukemia cells) by resazurin 

reduction assay because these cells are much more sensitive than other cell lines.  

However, the majority of the compounds did not displayed notable cytotoxicity 

towards leukemia cells (see Table 4.40.). Anthraquinones displayed stronger 

cytotoxicities than the other compounds and aloe-emodin showed the best 

cytotoxicity among anthraquinones (see Figure 4.91.). Detailed cytotoxicity studies 

on aloe-emodin were carried out in this thesis. 

Our motivation to investigate the cellular and molecular mechanisms of aloe-

emodin was its activity against diverse tumor cells. Aloe-emodin is not only 

outstanding to suppress tumor growth in vivo as previously demonstrated (489-491), 

but this compound is also able to kill tumor cells, which are resistant to standard 

anticancer agents as shown in the present study. The development of resistance to 
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anticancer drugs reduces the success of chemotherapy. For this reason, there is a high 

demand for novel compounds with activity against resistant tumors. Therefore, aloe-

emodin may have the potential as a new drug, because it may be able to kill 

otherwise refractory tumors in the clinic. 

We focused on resistance phenotypes, which are characterized by broad 

cross-resistance to many chemically and functionally different cytostatic drugs. 

These multiple drug resistance (MDR) phenomena can be mediated by drug efflux 

pumps of the ATP-binding cassette (ABC) type, oncogenes or tumor suppressor 

genes. We have chosen three ABC-transporters, P-glycoprotein (MDR1/ABCB1) 

and breast cancer resistance protein (BCRP/ABCG2) as well-known MDR-

mechanisms and ABCB5 as a novel efflux transporter relevant in cancer stem-like 

cells. Oncogenes and tumor suppressor genes do not only drive carcinogenesis but 

also confer drug resistance (406). We have chosen the epidermal growth factor 

receptor (400) and the tumor suppressor gene p53 for our investigations. 

Aloe-emodin’s cytotoxicity was tested towards pairs lines from different 

tumor types by resazurin assay, as well. These cell lines were breast cancer cells 

(MDA-MB-231-pcDNA cells and a multidrug-resistant subline transfected with a 

BCRP cDNA (MDA-MB-231-BCRP clone 23), embryonic kidney cells (wild type 

HEK293 cells and a multidrug-resistant subline transfected with an ABCB5 cDNA 

(HEK293-ABCB5)), colon cancer cells (HCT116 cells with wild-type TP53 tumor 

supressor gene (HCT116(p53+/+)) and (HCT116 knockout cells (HCT116(p53-/-)) and 

brain tumor cells (wild type U87.MG and a subline transfected with a deletion-

activated EGFR cDNA (U87.MG∆EGFR)). We observed that aloe-emodin was 

mostly cytotoxic to the other cell lines; even collateral sensitive to HCT116(p53-/-). 

Collateral sensitivity in P-glycoprotein-overexpressing cells has been explained by 

futile cycles of ATP cleavage by the efflux transporter and transient depletion of 

cellular ATP stores ultimately leading to cell death (492). However, the underlying 

mechanisms of the collateral sensitivity in p53-knockout cells compared to p53 

wildtype cells are not known yet. Further researches are needed to clarify 

background mechanism. 

 



  

	  
	  

311 

Aloe-emodin was detected as the most cytotoxic substance- specificially 

towards CCRF-CEM cells- in all. Following, protease viability marker assay was 

performed on CCRF-CEM cells to exclude the possibility that the cytotoxicity of 

aloe-emodin measured by the resazurin assay was artificially influenced by any non-

intended interaction with aloe-emodin-induced ROS generation. Cytotoxicity 

determined by protease viability marker assay confirmed the outcomes of resazurin 

reduction assay. 

We also investigated aloe-emodin’s toxicity towards normal cells. Human 

peripheral mononuclear cells (PMNC) isolated from fresh blood samples of a healthy 

donor were tested against various concentrations of aloe-emodin ranging from 0.001-

100 µM. Interestingly, it did not show cytotoxic activity towards the normal cells, 

presenting a good point to go further researches as non-toxic to normal cells. 

The background mechanisms behind aloe-emodin’s cytotoxicity were 

detected as ROS inducement, S-phase arrest, DNA damage, mitochondrial 

membrane potential breakdown, apoptosis and necrosis in aloe-emodin-treated 

CCRF-CEM cells.  

The analysis of response of aloe-emodin towards resistant cell lines provided 

us first clues on the relevance of major mechanisms of drug resistance for aloe-

emodin. However, cell lines of different tumor types may react differently, when 

treated with aloe-emodin according to their individual and tumor-type specific gene 

expression profiles. Therefore, we were interested to find out, which tumor types 

react more sensitive and which ones more resistant to aloe-emodin. To address this 

question, we performed COMPARE and hierarchical cluster analysis of 

transcriptome-wide microarray-based mRNA hybridizations in a panel of 60 tumor 

cell lines of the Developmental Therapeutics Program (DTP) of the National Cancer 

Institute (NCI, USA) (http: dtp.cancer.gov).  

DTP has assessed more than 88,000 pure compounds and more than 34,000 

crude extracts against the panel of human tumor cell lines till now and reported that 

even if the correlation of in vitro histology to clinical activity is poor, since they are 

only 60 in all cell lines, lacking in cytokines, hormones in their environment or 

possibility of having other cell types in a tumor. Still, these are model systems for 

drug analysis as applicable to an unlimited number of samples, consistent, highly 
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efficient and testable (493, 494). This approach has been frequently applied in the 

past years, as well (495-499). Here, we used it to identify genes, whose expression 

correlated with sensitivity or resistance of the cell lines to aloe-emodin.  

An intriguing result in our study for hierarchical cluster analyses was that a 

set of only 40 genes out of the entire transcriptome was sufficient to determine, 

whether a cell line was sensitive or rather resistant to aloe-emodin. This is a 

remarkable result, because the IC50 values of the cell lines had not been prior 

included into the calculations for the cluster analyses. The implication of this result is 

that sensitivity or resistance of a drug in tumor cells can be predicted based on the 

gene expression profile alone. It can be speculated that such an approach is thought 

to be able to transfer clinical status to personalized treatment of cancer patients. 

The following scenario can be envisaged: If a tumor is resistant to all 

standard treatment options, gene expression profiling could be applied to predict, 

which phytochemical is still active in this tumor. Before clinical treatment with aloe-

emodin could be considered, the gene expression profile of the patient’s tumor has to 

be determined to see, whether the tumor is sensitive to aloe-emodin. If the gene 

expression profile indicates that the tumor is resistant to this drug, we switch to other 

drugs. The present study opens the door for personalized medicine with aloe-emodin 

as the first step. Much more analyses are necessary before this concept can be 

realized in the clinics. Nevertheless, it is a proof-of-principle that natural products 

could be implemented in future treatment strategies.  

Two conditions are necessary to realize this concept of individualized 

therapy: (1) existing phytochemicals should be numerous to choose the right 

compound for the right patient; (2) therapeutically relevant genes have to be 

separated from non-relevant genes in the gene expression profile. In the past few 

years, commercial low density arrays have been developed that carry only 

therapeutically relevant genes for standard treatment options. Although gene 

expression profiles have been generated in cell lines for many phytochemicals (500, 

501), clinical validation has not been done yet. This represents an important 

prerequisite to establish natural product-based cancer therapy in the future. 

Microarray hybridization results pointed out that the range of genes with 

different functions is remarkably diverse for aloe-emodin. Genes operating cell death 
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and survival, cellular growth and proliferation, cellular development, gene 

expression, cellular function and maintenance were shown to deregulated by aloe-

emodin.  

This raises the question, whether these genes may be commonly regulated by 

one or few master genes that are relevant for drug resistance. To solve this problem, 

we performed a search for transcription factor binding sites in the promoter regions 

of those genes we found by COMPARE analyses and included into the cluster 

analysis. A transcription factor that appeared in all promoter sequences of genes 

subjected to this binding motif analysis was NF-κB. The data indicated that NF-κB 

may have a role in the responsiveness of tumor cells to aloe-emodin by regulating the 

expression of genes with diverse functions. Our result may be supported by 

published data showing that NF-κB influences drug response not only by regulation 

of apoptosis and other cell death mechanisms but also by genes that are not directly 

related to drug resistance, e.g. inflammation and immune functions (502-504).  

NF-κB activation starts with the activation of the inhibitor of IkB-kinase 

(IKK) complex, which consist of IKK1/IKK α, IKK2/IKK β and NEMO/IKK γ and 

isozymes. IKK2/IKK β phosphorylates the inhibitor of NF-κB (IkB) and targets the 

protein for subsequent degradation (505) causing the release and translocation of NF-

κB factors p65 (Rel-A) and p50 (NF-κB1) dimers. As a consequence, the dimers 

move to the nucleus to exert its biological functions (505, 506). NF-κB is a known 

mechanism in anticancer drug response. We revealed that aloe-emodin may kill 

cancer cells by inhibition of NF-κB causing apoptosis and cell death. Molecular 

docking studies suggested that aloe-emodin supported NF-κB binding. Even though, 

reporter assay and molecular docking results confirmed NF-κB to be downregulated 

by aloe-emodin, western blot analysis should be performed on CCRF-CEM cells to 

clearly see if aloe-emodin affects total NF-κB, phosphorylated NF-κB or its regulator 

IκB. Then, this will provide a certain basis for aloe-emodin’s effect on NF-κB. 

Genes operating in signal transduction, apoptosis, nucleic acid metabolism 

and other pathways were identified by COMPARE analysis and seemed to be 

diverse. This gene expression profile resembles the architecture of cell lines that 

have not been pretreated with aloe-emodin. This approach is characteristic for 

primary resistance. While some tumors will respond to chemotherapy, others are 
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non-responsive, although they have never been pretreated with anticancer drugs.  

In addition to primary resistance, an initially sensitive tumor can acquire 

resistance upon repeated chemotherapy applications, which was termed acquired or 

secondary resistance. Under laboratory conditions, it is possible to compare gene 

expression profiles of treated and non-treated cells. The resulting differentially 

expressed genes can be used to generate hypothesis on the molecular modes of action 

and determinants of resistance of cytotoxic compounds. This is supported by a large 

number of literature (507-511). 

The results as well as the genes obtained by COMPARE and cluster analyses 

indicate that aloe-emodin acts by multiple mechanisms against cancer cells. The 

versatility of natural products is typical (512). Based on the multiplicity of affected 

genes, we generated a hypothesis on the modes of action of aloe-emodin with the 

intention to subsequently prove this hypothesis experimentally by independent 

methods. On the grounds of microarray data of differentially expressed genes 

between treated and non-treated cells, we assumed that aloe-emodin generates ROS, 

which leads to DNA damage and cell cycle arrest. As a consequence, the 

mitochondrial pathway of apoptosis was induced as shown by disruption of the 

mitochondrial membrane potential and annexin V/PI staining. 

It has been determined by other authors that aloe-emodin damages the DNA. 

(513-515). A disruption of the cell cycle causing S and G2/M arrest and apoptosis 

have been reported upon aloe-emodin exposure (516). Findings of other authors 

confirm our point of view.  

Although the use of R. acetosella as an anti-cancer seems to be explained by 

these findings, it should be kept in mind that the traditional use of R. acetosella as 

anticancer remedy cannot be explained by aloe-emodin alone and that presumably 

many other phytochemicals contribute to the bioactivity of this plant.  

Several modes of action can be envisioned: 

(1) One substance is the main active compound and other compounds in the plant 

support its actions,  

(2) Several compounds affect one or several therapeutic targets. The substances 

mutually supplement each other in additive or synergistic manner. 
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(3) The main compound reveals not only activity against diseased cells and 

tissues but also against normal tissues leading to side effects. Concomitant 

compounds in the plant dampen the side effects.  

Based on the results of the present investigation, further analyses are needed 

to elucidate which of these possibilities are realized in R. acetosella. The final goal 

should be to understand the full bioactivity of this plant to utilize its full potential for 

rationale phytotherapy of cancer. 

R. acetosella is also used in diabetes in folk medicine in Turkey (44-47). 

Ethnobotanical investigations of natural sources should be followed with biological 

activity studies of those to create evidence for their known activities by indigenous 

people. Thus, investigation of antidiabetic effect of R. acetosella may be an 

important strategy to confirm its usage in folk medicine. 

Nowadays, medicinal plants and plant-based medicines get interest in the 

prevention of diabetes. Plants having wide diversity may be significant sources for 

the development of more effective antidiabetic agents with slight or no side effects. 

In the past decades, acarbose and voglibose have been developed to control the 

hyperglycemia via natural sources (517-519). Medicinal plants and their constituents 

have been investigated to determine their hypoglycaemic activities till now. Majority 

of published researches on hypoglycaemic drugs have focused on polyphenols. 

Besides, various plants have been studied for their hypoglycaemic activity, as well. 

For instance, methanolic extracts of Salsola species including S. soda, S. kali and S. 

oppositi were shown to have a notable α-amylase inhibitory activities with an IC50 
value ranging from 0.65 to 0.28 mg/mL (519, 520). Inhibitory activities of 

methanolic extract of Marrubium radiatum against both α-amylase (IC50=61.1 

µg/mL) and α-glucosidase (IC50=68.8 µg/mL) (519, 521), acetone extract of Pteronia 

divaricate against α-glucosidase (IC50=31.22 µg/mL) as well as acetone extracts of 

Euclea undulata and Elaeodendrondron transvaalense against α-amylase with IC50 

values of 2.80 and 1.12 µg/mL, respectively (519, 522) were further reported. As it is 

seen, IC50 values of the extracts are diverse though they are expressed as strong 

inhibitors in each study. The reason for that may be different enzyme or substrate 

concentrations used as well as different conditions in the enzyme inhibition studies. 

Therefore, following the same protocol for each extract, substance or positive control 
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will be more reasonable to clearly evaluate inhibitory activities. Taken all, 

investigation of antidiabetic potential of R. acetosella and its constituents by means 

of α-amylase and α-glucosidase enzymes is a notable approach, since the title plant is 

traditionally used in diabetes.  

DM may be otoimmmun-origined or idiopatic (Type I DM) as well as caused 

by insulin resistance or relative insulin deficiency (Type II DM). Patients with type II 

DM comprises large majority of the people (90-95%), while the rest of whom are 

suffering from type I DM whose treatment only depends on insulin uptake. Eyes, 

kidneys, hearts and vital organs of people living with long-lasting hyperglycemia are 

under risk (50). For this reason, it is important to control various enzymes such as α-

amylase, and α-glucosidase to prevent hyperglycemia. In our study, R. acetosella 

extracts and the main anthraquinone aglycones were investigated by means of their 

in vitro α-amylase and α-glucosidase inhibitory activities.  

We detected α-amylase inhibitory effects of ethanol extracts obtained from 

roots and herbs of R. acetosella. The IC50 value of ethanol extract of aerial parts of R. 

acetosella was found to be at around 500 µg/mL, which was better than the positive 

control acarbose (IC50= 728.55 µg/mL), while the ethanol extract of roots ( >1000 

µg/mL) had less effect than acarbose and ethanol extracts of aerial parts. 

Anthraquinone aglycones were studied in the concentration ranges of 10 to 200 

µg/mL and displayed moderate inhibitions % (for emodin ranging from 14.81 to 

19.03 µg/mL, for aloe-emodin ranging from 9.14 to 22.44 µg/mL, for rhein ranging 

from 2.45 to 28.17 µg/mL, for chrysophanol ranging from 1.04 to 31.05 µg/mL. and 

for physcion no activity to 29.32 µg/mL) on the enzyme. Even if, they seemed to 

have modest inhibitions, higher concentrations of the aglycons are needed to be 

tested on the enzyme. Therefore, we can calculate IC50 values and compare those 

values with IC50 of acarbose. Our findings only present clear data about extracts, 

which indicates ethanol extract of aerial parts to display better inhibition potential 

than acarbose. This may form a ground for its use in DM by local people. 

α-Glucosidase inhibitory activities of chloroform, methanol and 70% 

methanol, ethanol and  70% ethanol extracts of the roots and herbs of R. acetosella 

were determined. Nearly all extracts had lower IC50 values and displayed better 

inhibition potential than positive control acarbose (IC50= 2832.8 µg/mL). Among the 
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anthraquinone aglycones, only chrysophanol had the lowest IC50 (206.29 µg/mL) and 

was observed to be more active than the standard acarbose. Ethanol extracts of roots 

and herbs of R. acetosella showed the lowest IC50 (< 50 µg/mL) in all extracts and 

aglycons. This might be because other substances in the plant support aglycons’ 

effect on the enzyme and they can all behave in synergistic manner. This can be 

considered as an evidence for the use of the plant in DM in traditional medicine. 

In this thesis, we examined biological activity studies on the extracts of R. 

acetosella as well as its containing compounds. The extracts and substances were 

investigated against diabetes and cancer; because the plant is traditionally used in 

these diseases. Initially, antioxidant assays were performed as preliminary studies 

that oxidative stress may take part in the etiology of many diseases. Generally, 

alcoholic exracts have shown to display good antioxidant potentials. Then, isolation 

studies were conducted to view phytochemistry profile of the plant. Because the 

plant is known to contain anthraquinones, which have similar structure to clinically 

used anticancer drugs. Therefore, the main anthraquinone aglycones and isolated 

compounds were examined to test their cytotoxicities. Aloe-emodin was displayed as 

the most effective compound and shown to be a potential drug candidate in cancer 

theraphy. Moreover, antidiabetic potentials of the extracts and anthraquinone 

aglycons were investigated by means of α-amylase and α-glucosidase enzyme 

inhibition properties. Especially, ethanol extracts might be evaluated as significant 

resources rather than substances in R. acetosella to prevent complications of 

diabetes, confirming the use of R. acetosella in DM by local people.  
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6. CONCLUSIONS and SUGGESTIONS 

 
In this thesis named “Isolation of Potential Drug Candidate Molecules from 

Rumex acetosella L. and In Silico, In Vitro Researches on Those Molecules”, all the 

targets have been reached.  

R. acetosella, growing in flora of Turkey and used against diabetes in Turkish 

folk medicine as well as against cancer in Canadian and American traditional 

medicine, was elaborated in terms of phytochemical studies and biological activities 

in this thesis. 

Oxidative stress contributes to the formation of many diseases such as cancer 

and diabetes. Medicinal plants with their high phenolic contents may be the main 

sources of antioxidants. The radical scavenging capacities of methanolic and 

ethanolic extracts from R. acetosella were quite good. 

 In our study conducted on R. acetosella, total of 12 compounds in which one 

substance as a new structure (acetoselloside) were elucidated on the basis of 

spectroscopic data such as IR, NMR and mass spectrum. Structures of those 

compounds were elucidated as stilbene, ethanone, lignan, naphthalene, tannin and 

anthranoid derivatives, which were (E)-piceid (a stilbene derivative), a new 

compound named as acetoselloside ethanone, 1-[2-(β-glucopyranosyloxy)-4-

hydroxy-6-methylphenyl)] (an ethanone derivative), nepodin-8-O-β-glucoside (a 

naphthalene derivative), catechin (a tannin derivative), lyoniside and isolariciresinol-

9-O-β-xyloside (lignan derivatives), a mixture of rumejaposide G and rumejaposide 

H, emodin, emodin-8-O-β-glucoside, a mixture of chrysophanol-8-O-β-glucoside and 

physcion-8-O-β-glucoside (anthranoid derivatives). There have not been extensive 

researches about phytochemical profile of R. acetosella till now. Isolated compounds 

distinct from emodin and chrysophanol-8-O-β-glucoside were detected for the first 

time in this plant. 

Cytotoxicity of the isolated compounds as well as main anthraquinone aglycons 

were primarily investigated on leukemia cells (CCRF-CEM drug sensitive and multi-

drug resistant P-glycoprotein-overexpressing CEM/ADR5000), because these cells 

are more sensitive than other cells. We substantially performed resazurin reduction 

assay to test the cytotoxicity. Most of the compounds did not display any cytotoxicity 

towards leukemia cells. Therefore, only aloe-emodin was selected to be taken for 
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further researches owing to getting the best cytotoxicity in all. Aloe-emodin was 

further performed on eight cell lines which were breast cancer cells (MDA-MB-231-

pcDNA cells and a multidrug-resistant subline transfected with a BCRP cDNA 

(MDA-MB-231-BCRP clone 23), embryonic kidney cells (wild type HEK293 cells 

and a multidrug-resistant subline transfected with an ABCB5 cDNA (HEK293-

ABCB5), colon cancer cells (HCT116 cells with wild-type TP53 tumor supressor 

gene (HCT116(p53+/+)) and HCT116 knockout cells (HCT116(p53-/-)) and brain 

tumor cells (wild type U87.MG and a subline transfected with a deletion-activated 

EGFR cDNA (U87.MG∆EGFR)). 

Aloe-emodin’s toxicity was investigated on human peripheral mononuclear 

cells (PMNC). It is desirable that aloe-emodin didn’t show any toxicity in heathy 

cells. On the contrary, it displayed cytotoxicity on drug-sensitive and drug-resistance 

leukemia cells at very low concentrations. This result suggests that the cytotoxicity 

of aloe-emodin may be tumor specific. Moreover, the cytotoxicity of aloe-emodin 

has been confirmed by protease viability marker assay due to the possibility of aloe-

emodin to give false positive results by resazurin assay. 

The researches for identification of cellular and molecular mechanisms 

determining cytotoxicity and acquired resistance by aloe-emodin were carried out. 

Upon treatment of CCRF-CEM cells with aloe-emodin, microarray-based expression 

profiles conceived and analyzed by IPA. The most pronounced molecular and 

cellular functions were: cell death and survival, cellular growth and proliferation, 

cellular development, gene expression, cellular function and maintenance.  

According to the results of in vitro experiments performing to clarify 

mechanisms of aloe-emodin, generation of ROS, S-phase arrest, DNA damage, 

mitochondrial membrane potential breakdown as well as apoptosis and necrosis were 

observed in aloe-emodin-treated CCRF-CEM cells.  

Motif analysis was performed to search transcription factor binding sites in 

the promoter regions of the genes we found by COMPARE analyses and included 

into the cluster analysis. Because the deregulated genes with different functions were 

various. This transcription factor was NF-κB, indicating NF-κB to have a possible 

role in the responsiveness of tumor cells to aloe-emodin by regulating the expression 

of genes with diverse functions.  
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NF-κB was shown to be downregulated by aloe-emodin in CCRF-CEM cells 

by several pathways, as well, indicating it could be a target for NF-κB pathway. 

Western blot analysis should be performed for NF-κB detection to prove this 

assumption certainly.  

Aloe-emodin is not only outstanding to suppress tumor growth in vivo as 

previously demonstrated (489-491), but this compound is also able to kill tumor 

cells, which are resistant to standard anticancer agents as shown in the present 

studies. Drug resistance is a major handicap in cancer therapy. Therefore aloe-

emodin may have the potential as a new drug, because of its property to kill 

otherwise refractory. 

COMPARE and hierarchical cluster analysis of transcriptome-wide 

microarray-based mRNA hybridizations. Only 40 genes were detected as sufficient 

to determine aloe-emodin’s response to normal cells.  

In addition to the elucidation of mechanisms of action and determinants of 

resistance to aloe-emodin, our molecular pharmacological data substantiate the 

therapeutic application of R. acetosella against tumors in traditional medicine. The 

traditional use of the plant in cancer cannot be explained only by aloe-emodin and 

presumably other phytochemicals contribute to the bioactivity of this plant. Based on 

the results of the present investigation, further analyses are needed to clarify, which 

of these possibilities are realized in R. acetosella.  

We investigated antidiabetic potential via evaluation of α-amylase and α-

glucosidase inhibition of the extracts or single compounds. Because α-amylase and 

α-glucosidase inhibitors are known to reduce starch hidrolysis and retard glucose 

absorbtion, avoiding hyperglycemia, which may constitute risks for cardiac, 

nephrotic, neurotic diseases as well as vital organ damages. Taken together α-

amylase and α-glucosidase inhibitors may have a notable role to prevent 

hyperglycemia- related diseases. The ethanol extract of R. acetosella was found to be 

a more effective antidiabetic source than the other extracts and pure anthraquinone 

aglycones. 

In our study, ethanol extracts with inhibition potential on α-amylase and α-

glucosidase enzymes confirm the traditional use of the plant as antidiabetic. Several 

compounds in R. acetosella may contribute to the biological activity. The 
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antidiabetic effects of the extracts can be explained by synergism. Further researches 

should be conducted to determine the substances account for the activity to obtain a 

more potent new substance from acarbose.  
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