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Abstract: Ceratotheca triloba (Bernh.) E. Mey. ex Hook.f is native to tropical and 

subtropical  African countries and is used in traditional medicine to treat painful 

menstruation, stomach cramps, nausea, fever and diarrhoea. Anecdotal reports of its 

effects in cancer treatment and prevention, with many successful cases, have warranted 

that these pharmacological properties be scientifically validated. A bibliographic 

search was conducted using the key words "Ceratotheca", "anticancer", and 

"antitumor" along with cross-referencing. No clinical or animal cancer studies were 

identified and only two in vitro cell-culture-based studies were reported; these indicate 

that extracts of C. triloba may alter the growth of several types of cancer cell lines. 

This review summarizes the results of anthraquinones and emphasizes the aspects that 

warrant future research to explore the anthraquinones in C. triloba for their anticancer 

activities. 

Keywords: C. triloba, antioxidant, mucilaginous, anthraquinones, Pedaliaceae 

INTRODUCTION 

C. triloba is a South African annual plant that is found in the summer rainfall areas of South Africa, 

mainly the grasslands. The plant is commonly called South African Foxglove, Wild foxglove, 

http://www.ijghc.com/
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Vingerhoedblom, Ludvonca (Swazi), Udonqa (Swazi, Zulu), Undoncalwabathwa or Udonqabathwa 

(Zulu). There are only four known species of Ceratotheca that are found in Southern Africa [1]. The 

genus name ―Ceratotheca‖ means a horned capsule which is derived from the Greek words kerato 

(horned) and theke (a case). The species name triloba is derived from Latin, meaning three-lobed, 

alluding to leaves [2]. The plant was first named Sporledera triloba Bernh. in 1842 and it has undergone 

several name changes since then (Table 1). 

 According to the current classification system (Table 2) it belongs to the family Pedaliaceae [3]. This 

family of plants is characterized by having mucilaginous hairs which give the stems and leaves a slimy 

or clammy feel. The fruits have hooks or horns. C. triloba germinates optimally in disturbed areas like 

roadsides, where they grow, flower and seed before winter. The height of the plant depends on the water 

uptake during summer. The leaves are soft, green and about 50 mm long; they are divided into three 

lobes with a bluntly serrated margin. The plant has pink flowers with red stems or white flowers with 

yellow-green stems (Figure 1A).  

The flowers are 50 mm long with 5 lobes. The bottom lobe is longer than the others and has streaks of 

delicate lines running down the throat of the flower. The small seeds are black and are located in 30 

mm long fruits which have very sharp horns at the tips (Figure 1B). The green fruits turn brown and 

dry and split open to release the flat pear-shaped seeds. The stems and leaves of the plant are covered 

with fine white hairs. C. triloba is slightly sticky and when crushed it produces a strong unpleasant 

smell [4]. 

C. triloba is used in many traditional cultures. Some people soak the whole plant in water and use it as 

a substitute for soap or shampoo. The plant is also used in traditional medicine to treat painful 

menstruation, stomach cramps, nausea, fever and diarrhea [5]. Other traditional uses include the 

preparation of infusions of the leaves which are administrated as an abortifacient and its use for the 

treatment of diarrhea and gastro-intestinal cramps [6-9]. Studies show that C. triloba serves as a good 

source of energy and magnesium [10,].  

Literature on the biological activities of C. triloba show that the plant has no angiotensin 1-converting 

enzymes [11]. Extracts of the plant can be used to control diabetes as it inhibits α-amylases and also has 

antioxidant activity [12]. In addition, the plant has been shown to inhibit lipo-oxygenase, thus it can be 

used as an anti-inflammatory agent. Root extracts of C. triloba contain three anthraquinones, namely: 

9,10-Anthracenedione, 1-Hydroxy-4-methylanthraquinone and 5,8-Dimethoxy-2,3,10,10a-tetrahydro-

1H,4aH-phenanthrene-4,9-dione, and one steroid, Androst-5-ene-3, 17, 19-triol [13].   

Reports have shown that these types of compounds possess anticancer activity [14-17]. Hairy root cultures 

of C. triloba were induced by Agrobacterium rhizogenes transformation to produce a higher yield of 

anthraquinones than cell suspension cultures and the roots of the field plant [18].  

Also, the following compounds from the hairy root extract were identified: one acridone derivative (5-

methoxy-2-nitro-10H-acridin-9-one), one naphthoquinone derivative (2H-naphto[2,3-b]pyran-5,10-

dione,3,4-dihydro-2,2-dimethyl-) and seven anthraquinone derivatives (5,8-dimethoxy-2,3,10,10a-

tetrahydro-1H,4aH-phenanthrene-4,9-dione; 2-methyl-9,10-anthracenedione; 1-hydroxy-4-methyl 

anthraquinone; 2-ethyl-9,10-anthracenedione; 1,5-diamino anthraquinone; 3,6-dimethoxy-9-methyl-

phenanthrene; 1,4- dimethyl-9,10-anthracenedione. The anthraquinones have shown to inhibit the 

human topoisomerase II enzyme which transforms supercoiled DNA to linear DNA. This mechanism 

is currently the basis of many anticancer compounds such as mitoxantrone. 
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Table 1: History of C.  triloba (Bernh.) E. Mey. ex Hook.f 

 

Synonym Full Citation 

Ceratotheca lamiifolia (Engl.) Engl. Ceratotheca lamiifolia (Engler) Engler, Bot. Jahrb. Syst. 19: 

156. 1894. BASIONYM: Sesamum lamiifolium Engler 1888. 

Sesamum lamiifolium Engl. Sesamum lamiifolium Engler, Bot. Jahrb. Syst. 10: 256, t. 8. 

1888. Type: South Africa: 

Sporledera kraussiana Bernh. Sporledera kraussiana Bernhardi, Linnaea 16: 41. 1842. 

TYPE: South Africa: 

Sporledera triloba Bernh. Sporledera triloba Bernhardi, Linnaea 16: 42. 

1842.Type: South Africa: 

Volkameria lamiifolia (Engl.) Kuntze Volkameria lamiifolia (Engler) Kuntze, Revis. Gen. Pl. 2: 

482. 1891. BASIONYM: Sesamum lamiifolium Engler 1888. 

 

Table 2: Classification for Kingdom Plantae [19] 

 

Kingdom  Plantae –Plants 

Subkingdom  Tracheobionta -Vascular plants 

Superdivision  Spermatophyta -Seed plants 

Division  Magnoliophyta -Flowering plants 

Class  Magnoliopsida –Dicotyledons 

Subclass  Asteridae -Daisy superorder 

Order  Scrophulariales -figwort order 

Family  Pedaliaceae - Sesame family 

Genus Ceratotheca Endl. - ceratotheca P 

Species - Ceratotheca triloba (Bernh.) E. Mey. ex Hook. f. 

                                                                               

 

Figure 1: Wild Foxglove - C. triloba plant (A) and seed pods (B) [20]. 
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Secondary Plant Metabolites  

 

Plants contain two classes of compounds; primary metabolites that are required for the livelihood of the 

plant i.e. the plants machinery, and secondary metabolites that are not a necessity for the plants survival 

but are produced to protect the plant against fungi, bacteria, insects, and viruses. These have been used 

as food flavourants, colour dyes, poisons, perfumes, industrial products and prescription drugs [21]. 

These secondary metabolites are the biggest source of pharmaceutical drugs and they serve as templates 

for many medicinal derivatives [22] currently used.  The major groups of secondary metabolites and their 

physiological use and effects are summarized in Table 2 are: (i) Flavonoids and Allied Phenolics; (ii) 

Alkaloids and (iii) Terpenoids. Only anthraquinones are discussed in detail as they form a major part 

of this review. 

 

Table 3: Major groups of secondary metabolites isolated from plants. [23]  

 

 

Class of 

compounds 

Subclass of 

compounds  

Example 

Compounds  

Some Effects and Uses  

ALKALOIDS Monoterpenes 
Nicotine, cocaine 

theobromine  

interfere with neurotransmission, block 

enzyme action  

TERPENOIDS 

Monoterpenes Menthol, linalool  
interfere with neurotransmission, block 

ion transport, anesthetic  

Sesquiterpenes parthenolid  contact dermatitis  

Diterpenes gossypol  block phosphorylation, toxic  

Triterpenes, cardiac 

glycosides 

digitogenin  stimulate heart muscle, alter ion transport  

Sterols spinasterol  interfere with animal hormones  

 

PHENOLIC 

COMPOUNDS 

Phenolic acids  caffeic, chlorogenic  cause oxidative damage, browning in 

fruits and wine  

Coumarins  umbelliferone  cross-link DNA, block cell division  

Lignans  Podophyllin, urushiol  cathartic, vomiting, allergic dermatitis  

Flavonoids  anthocyanin, catechin  flower, leaf color; inhibit enzymes, anti- 

and pro-oxidants, estrogenic  

Tannins  gallotannin, 

condensed tannin  

bind to proteins, enzymes, block 

digestion, antioxidants  

Lignin  lignin  structure, toughness, fiber  

 

PHYTOCHEMISTRY OF ANTHRAQUINONES FROM CERATOTHECA TRILOBA 

Anthraquinones: Anthraquinones are a class of natural compounds that consists of several hundreds 

of compounds that differ in the nature and positions of substituent groups [24]. This class of compounds 

contains derivatives that consist of the basic structure of 9.10-anthraquinone [25]. Anthraquinones can 

be divided into alizarin and emodin types based on two main biosynthetic pathways. The alizarin types 

are formed via chorismate/δ-succinylbenzoic acid pathway and only have one of the rings unsubstituted 
[26,27]. These anthraquinones are found in the family of plants known as Rubiacea (Rubia, Morinda, 

Galium, Cinchona) [28] .  The emodin types are formed via the polyketide pathway (acetate-malonate 

pathway) and have both rings substituted. These anthraquinones are present in the following plant 

families: Fabaceae (Cassia, Araroba), Rhamnaceae (Rhamnus, Frangula) and Polygonaceae (Rheum, 

Rumex, Fagopyrum) [25] . Anthraquinones are widely applied in medicine, food chemistry and the dye 

industry. In the pharmaceutical industry, the natural and synthetic derivatives of 9.10-anthraquinone are 

beneficial to mammals and humans as they can display antibacterial, antitrypanosomal and 

antineoplastic activities.  
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Anthracycline antibiotics are also 9.10- anthraquinones and are key substances that have been known 

to be used for therapy of several cancers [29]. Anthraquinone glycosides are used to produce Pyralvex to 

treat gingivitis, stomatitis, mouth ulcers, inflammatory oral mucosa and periodontal conditions. Senna 

is another member of the anthraquinone class which is used in the preparation of stimulant laxative 

drug, Senokot. 

 This drug is used to treat constipation or bowel evacuation prior to abdominal radiological procedures 
[30,31].The quinones are compounds with either a 1,4-diketocyclohexa-2,5-denoid or a 1,2- 

diketocyclohexa-3,5-denoid. The former types are p-quinones and the latter o-quinones. They may 

occur with one, two or three rings or as larger polycyclic quinones [32]. Hydroxylation and glycosylation 

reactions are responsible for the formation of a large variety of quinine structures. 

Biosynthetic Pathways for the Production of Anthraquinones: A striking feature of quinones is that 

they can be derived from several biosynthetic routes, including a number of alternative pathways in 

plants. Leistner[33]  identified at least six possible biosynthetic routes to benzoquinones. For 

naphthoquinones, two main routes have been characterized, involving contribution of a phenolic ring 

from the shikimate pathway and formation of the quinone ring with a mechanism involving either a-

ketoglutarate or isopentenyl diphosphate derivatives.  

At least two biosynthetic routes have also been suggested for the anthraquinones, either starting from a 

similar pathway to that for naphthoquinones or arising from acetyl-CoA and malonyl-CoA in the 

polyketide pathway [34]. 

The polyketide pathway that is common in fungi may also operate in Leguminosae, Rhamnaceae and 

Polygonaceae plant species. It involves one acetyl-CoA unit being extended by seven malonyl-CoA 

units, by undefined enzyme systems. The formation of anthraquinones via the chorismate pathway is 

well understood. The A- and B-rings of anthraquinones are formed by joining of isochorismate with a-

ketoglutarate in the presence of thiamine diphosphate to form an o-succinylbenzoic acid intermediate, 

catalysed by the enzyme o-succinylbenzoic acid synthase. 

 Isochorismate is formed from chorismate by the enzyme isochorismate synthase (ICS). Elicitation of 

anthraquinone formation in cell cultures causes a marked increase in isochorismate synthase activity. 

In M citrifolia cultures this increase in isochorismate synthase activity was not accompanied by 

induction of other enzymes of the shikimate pathway that direct chorismate into other biosynthetic 

pathways, specifically deoxy-D-arabinoheptulosante 7-phosphate synthase and chorismate mutase [35] 

. 

The biosynthetic pathway for the production of anthraquinones via the shikimic acid is regulated by 

the isochorismate synthase enzyme, thus providing a key regulatory target. The theory of isochorismate 

synthase being a key regulatory target is further supported by transgenic experiments using bacterial 

isochorismate synthase gene [36] . The recent isolation of the isochorismate synthase gene from M. 

citrifolia [37] should allow genetic approaches to test the role of the endogenous isochorismate synthase 

genes in controlling the rate of anthraquinone biosynthesis.  

O-succinylbenzoic acid (OSB) is activated at the aliphatic carboxyl group to produce o-

succinylbenzoic acid-Co-enzyme A ester (OSB CoA), a reaction carried out by the enzyme o-

succinylbenzoic acid:Co-enzyme A -ligase[38]. Ring closure then produces the A- and B-rings as the 

intermediate 1,4- dihydroxynaphthalene-2-caroxylic acid (DHNA). Subsequent prenylation of DHNA 

yields a prenylated naphthoquinone intermediate and finally the formation of the C-ring (Fig. 2). 
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Figure 2: Proposed biosynthetic pathway for the anthraquinone pigments of the   Rubiaceae. DXS (1-

deoxy-D-xylulose 5-phosphate synthase), DXR (1-deoxy-D-xylulose 5-phosphate reductase). 

 

The source of the prenyl groups is either isopenthyl diphosphate (IPP) or 3,3-dimethylallyl diphosphate 

(DMAPP), which are interconverted by the enzyme isopenthyl diphosphate isomerase [39]. Changes in 

isopenthyl diphosphate isomerase activity accompany induction of coloured anthraquinone production 

in Rubiaceae cell cultures [40] [41]. Induction of isopenthyl diphosphate isomerase activity at the same 

time as a reduction in the activity of the enzyme farnesyl diphosphate synthase (which converts IPP 

and DMAPP into farnesyl diphosphate) may assist in channeling more isopenthyl diphosphate into 

anthraquinone biosynthesis. 

Biosynthesis of anthraquinones via the Acetate pathway: A number of natural anthraquinone 

derivatives are also excellent examples of acetate-derived structures. Endocrocin (Fig 3), found in 

species of Penicillium and Aspergillus fungi are formed by folding a polyketide containing eight C2 

units to form the periphery of the carbon skeleton.  

Three aldol-type condensations would give a hypothetical intermediate 1, and, except for a crucial 

carbonyl oxygen in the centre ring, endocrocin results by enolization reactions. Emodin, a metabolite 

of some Penicillium species, but also found in higher plants, e.g. Rhamnus and Rumex species, would 

appear to be formed from endocrocin by a simple decarboxylation reaction. A dehydration reaction, 

two oxidations, and a decarboxylation are necessary to attain the islandicin structure. In chrysophanol, 
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aloe-emodin, and rhein, the same oxygen function is lost by reduction as in islandicin, and 

decarboxylation also occurs. 

 

Figure 3: Speculative acetate pathways for the production of polyketides 

The three compounds are interrelated by a sequential oxidation of the methyl in chrysophanol to a 

hydroxymethyl in aloe-emodin, and a carboxyl in rhein. The pathway outlined for the biosynthesis of 

endocrocin and emodin is shown in Fig 3. The only difference between the speculative pathway (Fig 2) 

and mechanistically correct pathway is the alteration of the sequence of reactions. Decarboxylation 

appears to take place before aromatization of the last-formed ring system, and tetrahydroanthracene 

intermediates such as atrochrysone carboxylic acid and atrochrysone are involved. These dehydrate to 

the anthrones, emodin and endocrocine, prior to introduction of the extra carbonyl oxygen as a last 

transformation in the production of anthraquinones. 

Many other natural anthraquinone structures are not formed via the acetate pathway, but by a more 

elaborate sequence involving shikimate and an isoprene unit. Such structures do not contain the 

characteristic meta oxygenation pattern, and often have oxygenation in only one aromatic ring. 

Emodin, physcion, chrysophanol, aloe-emodin, and rhein form the basis of a range of purgative 

anthraquinone derivatives found in long-established laxatives such as Senna, Cascara, Frangula, 

Rhubarb, and Aloes. The free anthraquinones themselves have little therapeutic activity and need to be 

in the form of water-soluble glycosides to exert their action.  
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Figure 4: Biosynthesis of endocrocin and emodin via the acetate pathway. 

Gene Regulation: Little information regarding the genes encoding the biosynthetic enzymes, or 

pathway regulatory factors has been published. Furthermore, it is not known which signals regulate the 

anthraquinone biosynthetic genes, although fungal elicitors, methyl jasmonate, salicylic acid and the 

protein phosphatase inhibitor cantharidin, all induce anthraquinone accumulation in transgenic cell 

cultures. On the other hand, light generally inhibits anthraquinone accumulation and the impact of 

auxins is variable [37,42-44] . These gaps in the knowledge of anthraquinone biosynthesis may start to be 

filled as data emerges from proteomic and gene studies [37]. 

 

The production of anticancer compounds in hairy root cultures: Cancer is a leading cause of death 

worldwide, accounting for 9.6 million deaths. [45]. Several chemo-preventive agents have been 

developed and are used for the treatment of cancer but the toxicity of these agents limits their use [46] . 

Thus there is a great interest to research new and better treatments. The plant kingdom is one of the 

most attractive sources of novel anticancer compounds. Various potent anticancer compounds from 

higher plants have been identified by the National Cancer Institute in the United States of America 

through conducting an intensive screening program[47] . However, there are certain limitations towards 

using plants; the concentration of the active compounds present in the plants is generally low, the growth 

rate of plants is slow and geographical or environmental conditions affects the accumulation of the 

active compounds [48] . Thus, the economical production of the active compounds by extraction of the 

intact plant is a difficult task. Furthermore, many anticancer compounds isolated from higher plants are 
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secondary metabolites and have complex structures which are difficult to chemically synthesize [49] . 

Although plant tissue culture technology is not a very cost-effective option it is undoubtedly one of the 

most appropriate approaches to solve the above problems if the active compounds could not be 

manufactured by extraction or chemical processes. Therefore, over the last decade research studies have 

focused on applying plant tissue culture technology for the possible commercial production of 

anticancer drugs such as Taxol, Vinblastine, Vincristine, Camptothecin derivatives and 

Podophyllotoxin (Table 7). 

 

Table 4: Anticancer compounds produced by hairy root cultures. 

 

Plant Compound/s Treatment Reference/s 

Taxus cuspidata Taxol Ovarian, breast, non-small 

cell lung 

Rowinsky et al,[50] ; Kim et 

al., [51]  

Catharanthus roseus 

L. (G.) Don 

Vinblastine [Velban®], 

vincristine [Oncovin®] 

Acute leukaemia, small- 

cell lung cancer, cervical, 

breast, head and neck 

cancer 

Ataei-Azimi et al. [52],  

Schmelzer and Gurib-

Fakim, [53]  

Ophiorrhiza pumila Camptothecin derivatives 

(irinotecan [Campto®], 

topotecan [Hycamtin®]) 

Colorectal and ovarian 

cancers 

Mathijssen et al., [54]  

Sudo et al., [55]  

Podophyllum 

hexandrum 

Podophyllotoxin (used as a 

precursor for production of 

etoposide [VP-16-213] and 

teniposide [VM-26]) 

Lung cancer, testicular 

cancer, a variety 

of leukemias  and other 

solid tumours 

Holthius, [56] 

Giri and Narasu[57],  

 

Anthraquinones as anticancer compounds:  Anthraquinones are widely applied in the 

pharmaceutical, food and dye industry. In the pharmaceutical industry, natural and synthetic derivatives 

of 9,10- anthracenedione are beneficial to mammals and humans as they can display antibacterial, 

antitrypanosomal and antineoplastic activities [58]. In addition, several commercial pharmaceutical 

products that have been developed contain anthraquinone derivatives. Anthraquinone glycosides are 

used to produce Pyralvex which is used to treat gingivitis, stomatitis, mouth ulcers, inflammatory oral 

mucosa and periodontal conditions. Senna is another member of the anthraquinone class which is used 

in the preparation of the stimulant laxative drug, Senokot. This drug is used to treat constipation or 

bowel evacuation prior to abdominal radiological procedures [30,31]. Anthracycline antibiotics are also 

anthraquinone derivatives and are key substances that have been known to be used for therapy of several 

cancers [58] . 

There are several anthraquinone derivatives that have been useful for treating different kinds of 

cancers; these include Ametantrone, Mitoxantrone, Doxorubicin, Daunorubicin and Carminomycin 
[17] (Fig. 5). Mitoxantrone has been studied since the 1980‘s for the treatment of multiple sclerosis [59]. 

This compound is currently used clinically on its own or in combination with other chemotherapeutic 

agents for the treatment of a variety of human cancers such as breast and lung cancer, leukemia, 

melanoma and lymphoma. It is also used to treat Hodgkin‘s disease. [60]. Doxorubicin is an antibiotic 

that is highly effective in the treatment of tumors of the mammary gland and gynecological and 

hematological malignancies [17]. Many studies have reported the anticancer activity of other 

anthracenedione derivatives on different types of cancer cell lines which are shown in Table 5. 
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Figure 5: Anthracenedione derivatives used in the treatment of cancer [17]. 

 

Table 5: Anthraquinone derivatives that have anticancer potential. 

Source Anthraquinones Cancer line Reference 

Daylies (Hemerocallis 

spp.) 

Kwanzoquinone C, 

kwanzoquinone E, 2- 

hydroxychrysophanol, 

rhein 

MCF-7 (breast cancer), 

SF-268 (CNS cancer), 

HCT (colon cancer), NCI 

(lung cancer) 

Smith et al. [61],  

Hedyotis diffusa 2-hydroxy-3- 

methylanthraquinone, 

1- methoxy-2- 

hydroxyanthraquinone 

SPC-1-A, Bcap37,HepG2 Shi et al. [62], 

Chemically synthesized 

(Sigma Chemical Co., 

USA) 

Emodin (1,3,8-trihydroxy-

6- methyl-anthraquinone) 

HepG2/C3A, PLC/PRF/5, 

and SK-HEP-1(hepatoma 

cell lines) 

Shieh et al. [63], 

Rheum palmatum L. Emodin (1,3,8-trihydroxy-

6- methyl-anthraquinone) 

HL-60 (leukemia cell line) Chen et al. [64] 

Chemically 

synthesized 

(S,S)1,4-bis[2-(4- 

methylsulfanyl-

butyrylamino) 

ethylamino]-5,8- 

dihydroxyanthracene-

9,10- dione 

A549 (non-small cell 

lung cancer), 

DU145 (androgen- 

independent prostate 

cancer), HT-29 (colorectal 

cancer), MCF- 7 (breast 

cancer). 

Hsiao et al. [65] 

 

MECHANISM OF ACTION OF ANTICANCER COMPOUNDS 

The Cell Cycle: In order to understand the mechanism of action of anticancer compounds, it is 

important to be familiar with the human cell cycle. The cell cycle can be divided into five phases (Figure 

10). The S-phase is when the chromosomal DNA replicates. This phase is followed by the M (mitosis) 

phase where the segregation of the chromosomes into two daughter cells occurs [66]. In between the S 

and M phase are the two gap phases, G1 and G2. The G1 phase proceeds after the M phase, during this 

time the cell becomes responsive to negative and positive growth signals. The G2 phase proceeds after 

the S phase where the cell prepares for entry into the M phase. The final phase is the G0 phase where 

the cell exits from the G1 into the G0 phase if it is deprived of the appropriate growth promoting signals 
[67]. 
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Figure 6: Diagram of cell cycle regulation. Phases of the cell cycle are shown inside the blue circle in 

the center of the figure (G0, G1, S, G2, and mitosis which consists of several sub-phases: prophase (Pro), 

metaphase (Met), anaphase (Ana), and telophase (Tel). Drugs that inhibit cell cycle progression are 

shown in orange with their targets and mechanisms of action designated in subsequent parentheses. 

Components of major regulatory pathways triggering each checkpoint are listed in dark blue font near 

the checkpoint in which they play a role [68], 

The progression of the normal cell cycle is controlled by a family of kinases called cyclin dependent 

kinases (cdks) and regulated by positions within the cell cycle called the check points [69,70]. Hartwell 

and Weinert [70], first defined the cell cycle check points as a mechanism that maintains the observed 

order of events of each cell cycle. This means that there are a number of key genes that participate in 

the checkpoints which function to see if the integrity of the genome is retained throughout the normal 

cell cycle[67]. Normal cells protect themselves against the exposure to growth- limiting conditions or 

toxic agents by using the checkpoint control mechanism [71]. For example, if normal cells undergo 

DNA damage by UV radiation, they arrest in the G1 phase in order to repair the DNA prior to 

replication. However, if any of the genes involved in the check points are mutated, the integrity of the 

cell‘s genome will be at stake and the cancer cell cycle may proceed. Cancer cells exhibit poor check 

points and therefore they are more susceptible to the cytotoxic effects of drugs such as anti-

topoisomerases [71]. 

Anti-topoisomerase drugs: Anti-topoisomerase drugs cause DNA damage to cancer cells by inhibiting 

enzymes known as DNA topoisomerases [72]. These enzymes function to open transient, protein-

bridged, single- or double-stranded DNA breaks. DNA is passed through these breaks so that 

topological problems can be solved and accumulated torsion stress can be relieved during cellular 

transactions of the DNA molecule. Topoisomerases have been classified as type I and II according to 

their ability to cleave single- or double- stranded DNA molecules, respectively [73]. In cancer therapy 

anti-topoisomerase drugs inhibit DNA topoisomerase II (Figure 11) and prevent the disentangling of 

the cell‘s DNA and subsequently causes cell death via apoptosis [72]. 

There are a diverse group of natural and synthetic compounds that target topoisomerase IIα and IIβ [74-

76], some of which are described in Table 9. These compounds are potent in vitro and in human cells. 

They are widely used as some of the most successful chemotherapeutic drugs for the treatment of 
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human cancer and malignancies. Studies have shown that the cytotoxic effect of anthraquinones on 

cancer cells is due to their ability to inhibit the DNA topoisomerase II enzyme which in turn leads to 

the activation of apoptotic pathways. For example, Hsiao et al. [65]  showed that (S,S)1,4-bis[2-(4-

methylsulfanyl-butyryl amino) ethyl amino]-5,8- dihydroxy anthracene-9,10-dione inhibited the 

topoisomerase II enzyme and induced chromosomal DNA breaks which led to S and G2 phase arrest 

of the cell cycle and activation of apoptotic pathways in prostate cancer cells. 

 

 

 

Figure 7 :High resolution 3-D crystallography image of the binding and cleavage  core of type II 

topoisomerase from Saccharomyces cerevisae. The central core of the protein contains a Toprim fold 

and a DNA-binding core that contains a winged helix domain (WHD), often referred to as a CAP 

domain, since it was first identified to resemble the WHD of catabolite activator protein. 

 

 

Table 6: Natural and synthetic compounds that target topoisomerase I and II. 

 

Drug class Example 
Topoisomerase 

Inhibited 
Effects References 

Acridines 
Amsacrine           

(m-AMSA) 
 

II 

Stabilize cleavable 

complex 
Louie and Issel, [77]  

Anthracenediones 
 

Mitoxantrone 
 

II 

stabilize cleavable 

complex 
Harker et al., [78]  

Anthracyclines 
 

Doxorubicin 
 

II 

stabilize cleavable 

complex 
Au et al., [79] 

 

Isoflavonoids 
Genistein 

 

II 

PTK inhibitor and 

cleavable-complex 

blocker 

Markovits et al., [80] 

1995 

Alkaloid 

Camptothecin 

and its 

derivatives 

I 
stabilize cleavable 

complex 
Hsiang et al. [81],  

bis-piperazinediones ICRF-159, 193 II 

inhibits DNA relaxation 

and cleavable complex 

formation 
Jensen et al. [82], 

Anthracenyl peptides Merbarone 
 

II 

inhibits cleavable 

complex formation 

Khelifa and Beck, 

[83]  

 

 

 



Phytochemistry …                                                                                                                          V. Mohanlall.    

304 IJGHC, June 2020 –August 2020 Sec.B; Vol.9, No.3292-309. 

 DOI: 10.24214/IJGHC/HC/9/3/29209. 

 

CONCLUSION 

The battle against cancer requires a joint effort between the different platforms such as computational 

medicinal chemistry and pharmacology. These technologies will reveal the detailed regulation 

mechanisms, epigenetic and genetic information and signaling network for the growth, proliferation 

and metastasis of cancer cells. This will reveal novel strategies to eradicate cancer cells from the body, 

overcome tumor resistance and discover “magic” drugs that kills cancer cells only without affecting the 

normal cells. Cancer in humans proliferates via three main stages which include initiation, promotion 

and progression. The main target for novel anticancer drugs is the promotion stage. Phytochemicals are 

mainly present in fruits and vegetables and their regular intake would be effective to cancer prevention. 

New technologies that have been developed to understand the biological behaviors of cancer growth 

and metastasis include systems biology. Systems biology includes the integration of expertise from 

diverse fields including cancer biology, oncology, genetics, mathematics, bioinformatics, imaging, 

physics and computer science. Systems biology could provide a more holistic understanding of the 

complete metastatic process and proper application of such knowledge in anticancer drug development 

would result in novel drugs that can cure cancer in a similar manner to common infectious diseases. 
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