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Sophora name Sophera -

flowered tree form. The plant Sophora genus was well explored all over the world 

almost 120 species [24]. In which 57 species are still unexplored. Sophora species

are well distributed from eastern part (Japan) to the western (Caribbean islands) 

part of the world. Most the species, i.e.; 36 from this genus are well explored with 

its geographical locations and its latitude and longitude of origins. 

 

2.1 Geographical distribution of Sophora family members 

Sophora family members are distributed throughout the globe. This genus 

consists of approximately 36 species, spotted on world map (Fig: 2.1), and the 

name of their geographical distribution is shown in Table 2.1. 
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The respective species are depicted in Table 2.1 

Table 2.1 Different Sophora species with geographical locations in worldwide 

S. No Sophora species Geographical location Latitude & Longitude

1 S. interrupta 

 

Tirumala hills 

 

Latitude 13.667790 & 

Longitude 79.34588

2 S. microphylla 
a) Chatham Island, 

Chile b) Gough Island. 

Latitude-

50.4320317&Longitude-

72.7665105

Latitude-40.3083333 & 

Longitude-9.9422222

3 S. alopecuroides Karachi 
Latitude 25.0111453 & 

Longitude 67.0647043

4 S. viciifolia Yun-Nan; China 
Latitude 25.1825484  

Longitude101.8628507 

5 S. tomentosa 
a) Tokyo; Japan. 

b) Texas; U.S.A 

Latitude 35.673343& 

Longitude139.710388 

Latitude 

31.1693362&Longitude-

100.0768425

6 S. tetraptera 
Landcare Research; 

New Zealand 

Latitude -43.640823& 

Longitude172.47591 

7 S. subprostrata 
Shimizu-shi Shizuoka; 

Japan 

Latitude 35.0823795& 

Longitude 138.5155191

8 S. secundiflora 

a) Amistad Recreation 

Area near Del Rio, 

Texas. 

b) Peshawar; Pakistan. 

a)Latitude29.477011,Longitu

de -101.059862 b) Latitude 

33.9916439, Longitude 

71.5136146 
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9 S. prostrata New Zealand 
Latitude-43.3744881& 

Longitude172.4662705 

10 S. leachiana USA 
Latitude-37.6 & Longitude-

95.66 

11 S. koreensis Incheon, South Korea 
Latitude 37.46455 & 

Longitude 126.67435

12 S. exigua Thailand 
Latitude 13.0389361 & 

Longitude 101.490104

13 S. fraseri Benth; Australia 
Latitude -41.5999914 & 

Longitude 147.74

14 S. stenophylla 
Hildale, Washington 

County, UT 

Latitude37.0127005&Longit

ude -112.9872474 

15 S. nuttalliana 
West of Cedar City, Iron 

County, UT 

Latitude 37.6849085 & 

Longitude -113.10205

16 S. mollis Peshawar; Pakistan 

Latitude 

33.9916439&Longitude 

71.5136146

17 S. macrocarpa 
La Dormida Paes, North 

of Santiago, Chile 

Latitude -33.6682981&

Longitude -70.363372

18 S. japonica 

a) Nanjing, 

Republic) China. 

b) University of 

California. 

a) Latitude32.0992691 &  

Longitude 118.7377506

b) Latitude37.2718745 & 

Longitude

c) -119.2704153 

19 S. flavescens 

a) Lanzhou, China 

 

b) Shanxi Province, 

China. 

 

 

a)Latitude 36.0783747, 

Longitude103.7610626 

b) Latitude 37.6596436, 

Longitude 112.3995852
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c) Botanical Garden of 

Wonkwang University, 

Iksan, Korea. 

d) Seoul, Republic of 

Korea. 

 

e) Japan 

 

f) Transbaikalia and 

Primorsky regions and 

Agin Buryat 

Autonomous Okrug, 

Russia. 

g) Gansu Province, 

China. 

h) Taejon, Korea. 

 

i) Kangwon Province, 

Korea. 

c) Latitude 35.94865, 

Longitude 126.9767

 

d) Latitude 37.5651, 

Longitude 126.98955

 

e) Latitude 37.4900318, 

Longitude 136.4664008

f) Latitude 53.7947185, 

Longitude 114.9332324

 

 

g) Latitude 37.6946367, 

Longitude 100.5257414

 

h) Latitude 36.3731,  

Longitude 127.3888

i) Latitude 37.8665198, 

Longitude 128.2039048

20 S. davidii Texas 
Latitude 31.1693362, 

Longitude-100.0768425

21 S. chrysophylla 
Pohakuloa; Hawaiian 

islands; 

Latitude23.5991365, 

Longitude -166.7458436

22 S. alopecuroides Xinjiang, China 
Latitude 41.7584224,  

Longitude84.9442746 

23 S. tonkinensis 

a) South China. 
 

b) Guangxi 
Province 

a) Latitude25.5861859, 
Longitude 112.8048706

 
b) Latitude 23.640059, 

Longitude 108.2559914

24 S. tetraptera 
Auckland, 

New Zealand 

Latitude -36.8630231, 

Longitude 174.8654693
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25 S. yunnanensis China 
Latitude 35.8574708, 

Longitude 104.1361118

 

26 

 

S. velutina 

 

Zimbabwe National 

Herbarium 

 

Latitude -19.0169211, 

Longitude 29.1528018

27 S. arizonica 
Mohave, Arizona, 

U.S.A. 

Latitude 35.6051979, 

Longitude -113.6363194

28 S. secundiflora 
Kingsville, Kleberg. 

Texas. 

Latitude 27.502745, 

Longitude -97.8618085

29 S. gypsophila 
Edo. 

Chihuahua, Mexico. 

Latitude 28.6722468, 

Longitude -106.186553

30 S. exigua 
Northeastern 

Thailand 

Latitude 16.4093383, 

Longitude 102.757159

31 S. toromiro Easter island 
Latitude -27.130829, 

Longitude -109.3424945

32 S. longicarinata New Zealand 
Latitude-43.3744881, 

Longitude172.4662705 

33 S. fernandeziana Juan Fernandez islands 
Latitude -33.6504435, 

Longitude -78.8649

34 S. masafuerana Juan Fernandez islands 
Latitude -33.6504435, 

Longitude -78.8649

35 S. macnabiana Gough island 
Latitude-40.3083333, 

Longitude-9.9422222

36 S. howinsula 
Lord howe island; 

Caribbean 

Latitude -31.5541929, 

Longitude 159.0712027
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2.2 Importance of Sophora family members 

Several compounds from Sophora family members were isolated and their 

biological activities were validated. One of the well-known plants in this family is 

S. flavescens. Compounds isolated from S. flavescens have shown to target several 

inflammatory genes.  

Inflammation is one of the hallmarks of many diseases and crude root 

ethanol extract of S. flavescens have shown to inhibit the production of pro-

inflammatory cytokines through inhibition of the NF kB/IkB signal pathway in 

human mast cell line (HMC-1) [25]. Apart from crude extract, one of the isolated 

compounds S. flavescens A also has shown to inhibit the nuclear translocation of 

nuclear factor (NF) kB through inhibition of the phosphorylation and degradation 

of IkB-a, which is an inhibitor of NF kB. Another compound, Oxymatrine (OM) 

has shown to possess anti-inflammatory activity in in vivo rat models and also 

antitumor activities on MCF-7 and Bcl-2 cells [26]. Trifolirhizin, a pterocarpan 

flavonoid, from the roots of S. flavescens [27] showed antiproliferative activities 

against human myeloid leukemia HL-60 and human hepatocarcinoma HepG2 

cancer cell lines. Moreover, this compound also inhibited the expression of the 

proinflammatory cytokines TNF- and IL-6, and COX-2 in LPS induced 

macrophages. Kushen a flavonoid isolated from the roots of this plant has shown 

to inhibit the proliferation, migration, adhesion and tube formation of endothelial 

cells across the blood capillary, results inhibition of angiogenesis [28]. 

Formononetin and Kushenol F compounds have shown to inhibit Monoamine 

oxidase (MAO-A & B) enzyme activity in mice models [29].  

Matrine and oxymatrine alkaloids have shown to regulate the expression 

of CYP2B gene, a transcriptional target of androstane nuclear receptor family 

[30]. Along the lines, (2S)- -methoxykurarinone and leachianone A exhibited a 

good cytotoxic activity against human myeloid leukemia HL-60 cells and 

Trifolirhizin against ovarian (A2780) cells, lung (H23) cells, human lung 

epithelial (A549) cells, cervical cancer (HeLa) cells, leukemia (K562) cells and 

mouse leukemia (L1210) cancer cell lines [31]. Apart from cell signalling, 
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compounds from this plant also have shown to exhibit anti-viral and anti-

antiarrhythmic activities. Pterocarpan compound has shown to inhibit the 

neuraminidase enzyme activity in influenza virus A. Oxymatrine has shown to 

exhibit antiarrhythmic activity in in vivo animal models of coronary artery 

occlusion [32]. Apart from the antiviral and anticancer activities, compounds from 

this plant also have showed a good antibacterial activity against Staphylococcus

aureus (S. aureus), S. epidermidis, P. acnes and B. subtilis, Streptococcus mutans

and Methicillin resistant S. aureus, and Vancomycin-resistant Enterococci [33, 

34]. Overall, it suggests that this plant is a reservoir for several herbal compounds 

and this plant extract can be used to treat both communicable and non-

communicable diseases. 

Among all, S. interrupta is a folk plant which is located at Tirumala hills, 

comprising of seven hills covered with dense forests situated very close to each 

other with plenty of Ayurvedic resources. The total area of Tirumala hills was 

about 4,755.99 sq. km. According to a study, it has been estimated that over 1,700 

species belonging to 178 families of vascular plants exist in the region 

[http://www.thehindu.com/todays-paper/tp-in-school/rich-biodiversity-found-in-

seshachalam forests/article3989461.ece].   

 

2.3 Taxonomical Classification of Sophora interrupta  

Sophora interrupta Bedd belongs to Fabaceae family was a very important shrub 

in the Ayurveda. This herb is also called as Vernacular names: Adivibilla

(Telugu), Pili Girgoli (Hawaiian). Synonyms: Edwardsia maderaspatana Wight. 

The taxonomic status of S. interrupta is given in table 2.2. 
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        Table 2.2 Classification of the Sophora plant species 

Domain  Eukaryota 

Kingdom Plantae 

Sub-kingdom Viridaeplantae 

Phylum Tracheophyta 

Class Spermatopsida 

Sub-class Magnoliidae 

Super Order Rosanae 

Order Fabales 

Family Fabaceae 

Subfamily Faboideae 

Tribe Sophoreae 

Genus Sophora 

Species Interrupta 

 

2.4 Phenotypic characteristics of S. interrupta  

S. interrupta grow to a height of two and half meters covered with golden yellow 

bell shaped flowers, comprising of auxiliaries and terminal racemes (Fig: 2.2). 

Pods are four winged constricted between seeds. Seeds are 3-6, obovoid or 

globbose and strophiole. The roots are woody, tuberous, and perennial, about 4 to 

8 cm in diameter, light brownish yellow in color with characteristic odor and 

highly bitter taste [35]. 
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Fig: 2.2 Sophora interrupta Bedd, plant representing the flowering, stem with 
roots and whole plant 

 

2.5 Propagation and planting 

Species in this genus are spread throughout the tropical and temperate regions of 

the world. S. interrupta reported to flower at the time of the winter season [36]. 

Plantations which are planted outside of Tirumala are not propagating due to the 

absence of native soil and natural conditions i.e; endemic in nature [37]. 

 

2.6 Medicinal values of Sophora interrupta 

Several compounds were isolated from S. interrupta. Some of the isolated active 

components and their biological role are given below. 

 

a) -dimethoxy-7- -dimethylallyloxy) flavonol, which was an O-

prenylated flavonol with its molecular mass 383.1451 g mol-1 and its molecular 
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formula C22H22O6. Although, it was reported that it was extracted from S. 

interrupta, its biological activity was yet to be explored. Generally flavonol sub 

class of flavonoids possess phytoestrogenic or antioxidant properties [38]. For 

example a prenylated flavonoid was isolated from S. flavescens shown significant 

inhibition of acetyl cholinesterase activity [39]. 

b) -hydroxy-3, 4-dimethoxychalcone its molecular mass 284.306488 g mol-1

and molecular formula C17H16O4. These chalcones are open chain flavonoids 

possess a wide range of pharmacological activity such as antibacterial, antitumor, 

anticancer, antitubercular, anti-inflammatory, antioxidant, antimalarial, 

antileishmanial and also strong antioxidant activity [40]. Chalcones also possess 

cytotoxic activity on cancer cell lines [41].  

c) Biochanin A was an O-methylated isoflavone. Its molecular mass 284.26 g  

mol-1 and its molecular formula C16H12O5. Biochanin-A found in cloves, sprouts, 

peanuts, etc. It has putative benefits towards cancer prophylaxis [42].  

d) Kaempferol-3-O- -D-glucopyranoside was first isolated from Phytolacca 

americana plant source and later it was also isolated from S. interrupta. It was 

also known as Astragalin, with a molecular mass 448.37 g mol-1 and the 

molecular formula C21H20O11. The biological activity reported to be a highly 

antiinflammatory effect and show good antioxidant activity with DPPH stable free 

radicals [43].  

 

Sophora interrupta plant extracts has shown to suppress the cancer cell growth in 

various cell lines (HeLa and MCF-7) as well as in albino mouse models. 

However, all the experiments were performed using either leaf or root extracts. 

Therefore, we focused our studies to identify and characterize anticancer 

compounds from medicinal plant Sophora interrupta. 

 

2.7 Cancer 

Cancer is the major leading cause of deaths all over the globe. The etiology of 

cancer is linked to several natural substances in the environment and life style 

choices in the modern society [44]. These lifestyle choices include excessive 
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alcohol consumption, cigarette smoking, and lack of exercise, poor diet, and 

hormones. All these factors influence the regulation of cell growth and 

differentiation in our body. Tumors are broadly classified into Benign and 

malignant. Benign tumors grew locally and remain confined to the local 

environment of the tissue and they do not spread other part of the body. Benign 

tumors cause little damage to our body and it can be surgically removed 

depending on the site. On the other hand malignant tumors grow rapidly and 

spread from the site of the origin through systematic or lymphatic circulation and

this property of cancer cells is called metastasis [45].  

 

Cancer cells are characterized by indefinite growth; evading apoptosis, without 

contact inhibition, unlimited growth potential due to overabundance of telomerase 

(telomerase 

in all vertebrates to the 3' end of DNA strands in the telomere regions [46]. 

Telomeres are found at the ends of eukaryotic chromosomes. The telomeres 

contain condensed DNA material, giving stability to the chromosomes), increased

cell division rate, altered ability to differentiate, spherical shape (due to less 

number of microfilaments), abnormal antigens on the surface of the cell,  unusual 

number of chromosomes and ability to invade neighboring tissues. Cancers are 

most common in fast dividing tissues like epithelium. Cadherins are the 

intercellular adhesion protein molecules that play a part in keeping cells together

[47]. In cancer cells, cadherin protein molecules are either partly or entirely 

missing. This allows cancer cells to detach from each other and from the matrix,

certainly they lose contact with other cells in the tissue [48]. This enables the 

cancer cells to spread to other areas (metastasis). 

 

Three stages of cancer are initiation, promotion and progression. The first 

mutation in the normal cell initiates the cancer. The second mutation leads to 

promotion of cancer. Third mutation causes the progression and the fourth 

mutation affects the cancer [49]. An initial step in metastasis involves down-

regulation of cell-cell contact molecules, termed as cell adhesion molecules, thus 
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increasing the motility and invasiveness of tumor cells [50]. One class of cell 

adhesion molecules are the cadherins, among which the epithelial cadherin or E-

cadherin is the most well studied prototype. Loss of E-cadherin by deletion or 

gene silencing is by far the most common adhesion molecule alteration in several 

cancer types that includes cancers of bladder, stomach, breast, colon, kidneys and 

prostate. Hypoxia is a major regulator of metastasis. Hypoxia is regulated by 

hypoxia inducible factors (HIF s), they operate tumor cell proliferation and 

metastasis by HIF responsive element (HRE) containing genes such as vascular 

endothelial growth factor (VEGF) in the solid tumor microenvironment [51]. 

 

2.8 Vascular Endothelial Growth Factor (VEGF) 

Vascular endothelial growth factor (VEGF), also known as vascular permeability 

factor (VPF), discovered in the early eighties by Dvorak and colleagues [52]. It is 

most potent contributor of tumor angiogenesis and specific for vascular 

endothelial cells. Most tumor cells produce high levels of VEGF and its 

expression is induced by oncogene, ras and inhibited by von Hippel Landau 

(VHL) protein [53]. The VEGF family comprises six secreted glycoproteins that 

are designated as VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and 

pancreatic growth factor [54]. Apart from being an angiogenic factor, it is a

survival factor for tumor cells protecting them from various stress related to 

chemotherapy, radiotherapy and hypoxia in autocrine fashion [55]. It also

functions as a chemo attractant of vascular smooth muscle cells, monocytes, 

mononuclear phagocytes and polymorphonuclear cells and facilitates migration 

and invasion of tumor cells as well as endothelial cells [56, 57]. Evidences

revealed that VEGF has also been directly linked with myeloid suppressor cell 

(MSC) recruitment. Altogether, VEGF offer an attractive target for anticancer 

strategies and improve the efficacy of chemo and radiotherapy.  

 

2.9 Treatment of cancer  

Depending upon the location and the grade of the tumor, cancer can be treated by   

various methods such as surgery, radiation therapy, chemotherapy, and 
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immunotherapy.  Benign tumor can be completely removed by surgery. Removal 

of the Breast cancer surgery is called mastectomy, removal of cancer in the 

prostate is called as prostatectomy. Preliminary goal of the surgery is to either 

removal of the tumor, or the entire organ. In case but this is not possible, when the 

tumor cells disseminate to other sites of the body from the site of the origin, a 

process is called as metastasis [58]. Radiotherapy also called radiation therapy, in

this method ionizing radiation can be administered externally via external beam 

radiotherapy (EBRT) or internally via brachytherapy to kill cancer cells and 

shrink the tumors [59]. Chemotherapy is the treatment of cancer with drugs; these 

drugs are called anticancer drugs [60]. Immunotherapy is designed to induce the 

patient's own immune system to fight the tumor [61]. 

 

 2.10 Good and bad effects of drugs in Cancer therapy 

Synthetic drugs are those substances that are produced entirely from chemical 

reactions in a laboratory. Their chemical structure can be identical to naturally 

occurring drugs, such as cocaine and opium, but they are often designed to 

enhance effects from naturally occurring drugs, or to prevent side effects that are 

unwanted [62].  

Many purely synthetic compounds with no alternative natural source are classified 

by the chemical structure of the parent synthetic compound [63]. Drugs that share 

a common core structure belong to a particular group. But members within a 

particular group may produce different effects. Pharmacological activity within a 

group may vary widely. 

All most many drugs, could destroy a person's life by causing a general 

deterioration of quality of life or by overdose, but many of these new drugs can 

destroy a life by triggering psychotic episodes, sweating, swelling, nausea, 

vomiting, loss of taste, reduction of RBC & WBC, allergic reactions and eye 

irritation apart from these, there are serious adverse effects such as depression of 

the immune system, often by paralyzing the bone marrow and leading to a 

decrease of white blood cells, red blood cells, and platelets [64]. Anemia and
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thrombocytopenia, when they occur, are improved with blood transfusion. 

Neutropenia (a decrease of the neutrophil granulocyte count below 0.5 x 109/lit).

Mucositis (inflammation of the lining of the digestive tract) gets harm to cells 

lining to tract. High levels of phosphate induced secondary hypoparathyroidism,

resulting in low levels of calcium in the blood [65]. This causes kidney damage 

and the high levels of potassium can cause cardiac arrhythmia.  

The toxic effects like liver damage and mutagenesis are the adverse effects 

exhibited by using synthetic origin anti-oxidants. Hence, now-a-days search for 

natural anti-oxidant source is gaining much importance.  

Cancers, strokes, and cataracts seem as different from one another as any diseases 

could be. It's hard to imagine them sharing a single cause. Yet a growing body of 

research suggests that they do. The causal chain behind these and many other 

diseases, perhaps behind aging itself, includes a common link: a class of 

molecules known as free radicals. 

Free radicals or Reactive Oxygen Species (ROS) are the reactive molecules and 

free radicals which are derived from molecular oxygen and produced during the 

mitochondrial electron transport chain in aerobic species are potential to cause 

deleterious effects [66]. 

Free radicals are molecules, usually of oxygen, that have lost an electron make

them unstable (in chemical terms, reactive) [67]. They begin to covet their 

neighboring molecules' electrons. In stealing an electron, they operate as terrorists 

in the body. They can attack DNA, leading to dysfunction, mutation, and cancer. 

They can attack enzymes and proteins, disrupting normal cell activities, or cell 

membranes, producing a chain reaction of destruction. Such membrane damage in 

the cells that line our blood vessels can lead to hardening and thickening of the 

arteries and eventually to heart attacks and strokes. Free-radical attacks on 

collagen can cause cross-linking of protein molecules, resulting in stiffness in the 

tissue [68]. 
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Antioxidants are compounds in foods that neutralize chemicals called free radicals 

(unstable molecules). Plant derived drugs that use as antioxidants minimize the 

side effects which are generally associated with the synthetic antioxidants [69].

The protective effect of antioxidants continues to be studied around the world. For 

instance, men who eat plenty of the antioxidant lycopene (found in tomatoes) may 

be less likely than other men to develop prostate cancer [70]. Lutein, found in 

spinach and corn, has been linked to a lower incidence of eye lens degeneration 

and associated blindness in the elderly [71]. Flavonoids, such as the tea catechins 

found in green tea, are believed to contribute to the low rates of heart disease in 

Japan [72]. 

 

2.11 Problems in Sophora interrupta herbal medicine 

In compared to synthetic drugs the phytomedicine possess plenty of problems, 

although, the wide variety of herbal plants are available in nature. It is due to  

1) Species being endemic, located in different regions, countries. Therefore, 

exchange of real information about biology is very scanty and little. 

2) Difficulty in vegetative propagation. 

3) Difficult to collect. 

4) Difficult to identify. 

 

This can be overcome by identifying therapeutic molecules and then synthesis by 

organic chemistry. Several chromatographic and spectroscopic techniques are 

available to identify the molecules from herbal plants. Therapeutic efficiency of 

the identified molecules can be validated by in vitro and in ovo assays.  

 

2.12 Aim and scope of the work 

Sophora interrupta Bedd is the plant which was profusely used in Ayurveda and 

other traditional system of medicines against anticancer, antimicrobial, 

antiinflammatory activities.  
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Based upon the background of diversified therapeutic values of this plant and uses 

in cancer disease in folklore/traditional Indian system of medicine and also 

available scientific literature, the intension of the present study were to evaluate 

the following plant and to identify active fraction/ compounds for anticancer 

activity.  

 

2.13 OBJECTIVES 

 

To identify the anticancer properties of the Sophora interrupta phytoconstituents.

 

Isolation and characterization of anticancer secondary metabolite (s) from S. 

interrupta.  

 

Identification of therapeutic targets based on in vitro and in silico molecular 

approaches.  

 

 

 

 

 

 

 

 

 


