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1. Introduction

   Cancer is a complex genetic disease that is caused 
primarily by environmental factors. Ovarian cancer (OC) 
is the most lethal malignancy of the female reproductive 
system and the fifth leading cause of cancer death in 
women. Ninety percent of Ovarian Cancer is thought to 
arise from the epithelium and its inclusion cysts due to 
multiple genetic changes[1]. Animal models of ovarian 
cancer are crucial for understanding the pathogenesis 
of the disease and for testing new treatment strategies[2]. 
Ovarian cancer causes more deaths than any other 
gynecologic cancer, but it accounts for only about 3 

percent of all cancers in women. 4-vinylcyclohexene 
causes wide destruction of small preantral (primordial and 
primary) follicles, leading to premature ovarian failure 
in mice and rats. It is an occupational chemical released 
during the manufacture of rubber tires, plasticizers and 
pesticides.
   Ichnocarpus Frutescens  (I. Frutescens )  R. Br. 
(Apocyanaceae) is an evergreen, laticiferous, wood creeper 
with rusty red appearance, found throughout India. It is 
commonly known as black creeper and ‘dudhilata’. It is 
a species of flowering plant in the dogbane family known 
by the common name black creeper. It is generally called 
as a “blood purifier. The roots are reported to possess 
demulcent, tonic, diaphoretic and diuretic properties 
used in fever, dyspepsia and skin troubles[3] and also 
found to possess analgesic and anti-inflammatory 
activity. It has been reported that natural antioxidants 
in fruits and vegetables were inversely related with the 
risk of many chronic diseases, such as cardiovascular 

Objective: To evaluate the protective effect of Ichnocarpus frutescens (I. frutescens) R. Br against 
4-vinylcyclohexane induced ovarian cancer in Swiss albino mice. Method: The ovarian cancer 
was induced by 4-vinylcyclohexane which was given to 28-day-old mice in corn oil, intra 
peritoneally, at 2.7 mmol/kg body weight/day for 30 d. After that serum and tissue were isolated. 
Enzymatic antioxidants, non-enzymatic antioxidants, lipid peroxidation assessed in liver and 
ovary homogenate. Metabolites, marker enzymes were analyzed in serum. Tissue was examined 
histopathology examination. Result: The levels of urea, creatinine, marker enzymes and lipid 
peroxidation were significantly increased in ovarian cancer induced mice when compared to 
control group whereas, levels of uric acid, enzymatic and non-enzymatic antioxidants were 
decreased in cancer induced mice when compared with control mice. From these parameters 
were brought back to near normal in ethanolic extract of I. frutescens treated animals. The above 
results were further confirmed by histopathological examination which shows marked edema of 
lamina propria occurred in cancer induced animals whereas no alterations in ethanolic extract of 
I. frutescens and cisplatin treated groups. Conclusion: This present study was evaluated that the 
ethanolic extracts of I. frutescens have effective anticancer activity against 4-vinylcyclohexane 
induced ovarian cancer. 
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diseases and cancer[4]. Hence the interest towards natural 
sources has become invasively increased by screening 
the plant for phytochemicals and non-toxicity. The 
present study is aimed to evaluate the protective effect of 
I. frutescens against 4-vinylcyclohexene induced ovarian 
cancer in swiss albino mice.

2. Materials and methods

2.1. Collection of plant material

   The whole plant of I. frutescens was collected from 
in and around Coimbatore district. The plant material 
was identified by Dr. G.V.S. Murthy, Botanical Survey 
of India, Tamilnadu Agriculture University Campus, 
Coimbatore, Tamilnadu and the voucher number is (BSi/
SRC/5/23/2001-12/Tech-1326). The whole plant was 
washed well with water. They were air dried at 25 曟 for 
5 d in the absence of sunlight and powered well using a 
mixer. This powdered material is used for the study.

2.2. Preparation of plant extract

   50 g of the powdered plant material I. frutescens is 
weighed and extracted with 250 mL of ethanol for 72 h 
in soxhlet apparatus, concentrated and used for further 
studies.

2.3. Experimental animals

   Female mice weighing about 25-35 g were obtained from 
the animal house of Karpagam University, Coimbatore 
and were used for the study. Mice were housed in 
polycarbonate cages in a room with a 12 h day-night 
cycle, at constant temperature of 22 曟 and humidity of 
45%-64%. During the experimental study mice were fed on 
pellets (Gulmohur rat feed, Lipton India, Bangalore) with 
free access to tap water. The animal study was approved 
by IAEC.

2.4. Experimental protocol

   The animals were divided into five groups. Group 1 

served as control animals, Group 2 received ovarian 
cancer induced by 4-vinyl cyclohexane were mixed with 
corn oil by intraperitoneally administration, at 2.7 mmol/
kg bw/d for 30 d. Group 3 served as carcinogenic mice 
treated with plant extract at a concentration of 400 mg/kg 
body weight, Group 4 served as carcinogenic mice treated 
with standard drug, cisplatin. Group 5 received control 
animals treated with plant extract only at a dose of 400 
mg/kg bw.
   After 30 d all the animals were killed, blood was 
collected under jugular vein, serum were separated by 
centrifugation which is used for the estimations of urea[5], 
uric acid[6], creatinine[7], AST and ALT[8], ALP[9]. The liver 
and ovary was excised rinsed in ice-cold normal saline 
solution followed by cold 0.1 M Tris-HCl (pH 7.4), blotted, 
dried and weighed. A 10% w/v homogenate was prepared 
in 0.1 M Tris-HCl buffer and used for the estimations 
of Protein[10], Superoxide Dismutase[11], Catalase[12], 
Glutathione Peroxidase[13], Glutathione-S-Transferase[14], 
Total Reduced Glutathione[15], Vitamin C[16], Vitamin 
E[17], and lipid peroxidation (LPO)[18]. Sections of liver 
and ovaries were fixed with 10% formalin, embedded 
in paraffin sectioned at 5 毺m thick and stained with 
haematoxylin and eosin for histological analysis.

2.5. Statistical analysis

   Results are expressed as the mean 依 SD. Statistical 
significance was evaluated by One Way Analysis of 
Variance (ANOVA) using SPSS  version (10.0) and the  
individual comparisons were obtained by the Duncan 
multiple range test (DMRT)[19]. A value of P<0.05 was 
considered to indicate a significant difference between 
groups.

3. Results 

   The ethanolic extract of the plant I. frutescens was 
subjected to mice to evaluate the anti-ovarian cancer 
activity and the histopathological analysis was carried 
out. Activities of biochemical profiles and liver marker 
enzymes in serum were shown in Table 1. Data pertaining 
to the levels of urea, creatinine and liver marker enzymes 

Table 1.
Estimations of urea, uric acid, creatinine, ALT, AST, ALP in serum of control and experimental mice.
Parameters Group I Group II Group III Group IV Group VI
Urea 21.34依0.32a 31.48依0.16c 27.15依0.74b 22.62依0.86a   22.91依0.68a

Uric acid   4.10依0.89b   1.90依0.27a    2.97依0.23ab   3.83依0.14b     4.00依0.09b

Creatinine   0.24依0.74a   1.12依0.86d   0.63依0.47c   0.41依0.64b     0.32依0.46b

AST 28.13依0.92a 43.09依0.28b 35.04依0.86ab 20.12依0.86a   29.98依0.37a

ALT 24.33依0.73a 50.03依0.32b 32.51依0.86ab 25.61依0.94a   26.88依0.28a

ALP 31.57依0.25a 48.13依0.58b 38.42依0.86ab 33.78依0.23a   32.73依0.95a

Values are expressed as mean 依 SD for six animals. Values not sharing common superscript letters (a-d) differ significantly at P<0.05 (DMRT).
Units: Urea, Uric acid, Creatinine-mg/dL; AST-毺moles of pyruvate liberated/L; ALT, ALP-毺moles of phenol liberated/L.
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are significant elevated in the ovarian cancer induced 
group compared to normal control group however the 
level of uric acid was depleted in group 2 mice. All these 
parameters were restored to near normal levels in group 3, 
4 treated animals when compared to group 2. There is no 
change in the levels of those parameters in group 5 when 
compared to group 1. 
   The levels of enzymatic antioxidants like superoxide 
dismutase, catalase, glutathione peroxidase and 
glutathione S-transferase in liver and ovary of control 
and experimental mice were showed in Table 2 and 3. The 
levels of these enzymes in liver and ovary are significant 
depleted (P<0.05) in the cancer induced group compared 
to normal control group. Treatment with ethanolic extract 

and standard drug administration showed significant 
increased of those enzymes in group 3, 4 treated animals 
when compared to group 2. No alterations in the levels of 
these enzymes in group 5 when compared to group 1. 
   Levels of non enzymatic antioxidants in liver and ovary 
of control and experimental animals were showed in Table 
4 and 5. The levels of these enzymes in liver and ovary are 
significant decreased (P<0.05) in the cancer induced group 
compared to normal control Group. But the levels of LPO 
showed increased in cancer induced Group. Treatment 
with plant extract and cisplatin showed significant 
increased in group 3, 4 animals when compared to group 
2. No variation in the levels of these enzymes in group 5 
when compared to group 1. 

Table 2. 
Estimation of SOD, catalase, glutathione peroxidase, glutathione s-transferase in liver of control and experimental mice.
Parameters Group I Group II Group III Group V Group VI
SOD   1.51依0.05b   0.63依0.07a    0.94依0.05ab    1.03依0.07ab   1.28依0.06b

Catalase   1.70依0.02b   0.95依0.03a    1.18依0.06ab   1.51依0.03b   1.55依0.06b

GPx   3.21依0.41b   1.64依0.65a    2.56依0.47ab   3.19依0.13b   3.07依0.06b

GST 71.94依0.76c 40.36依0.37a 56.42依0.73b 70.71依0.84c 70.78依0.30c

Values are expressed as mean 依 SD for six animals. Values not sharing common superscript letters (a-d) differ significantly at P<0.05 (DMRT).
Units: SOD-50% inhibition of nitrite formation/min/mg protein; Catalase-毺moles of H2O2 decomposed/min/mg protein; GPx-毺g of glutathione 
utilized/min/mg protein; GST- 毺moles of CDNB conjugated/min/mg protein.

Table 3. 
Estimation of SOD, catalase, glutathione peroxidase, glutathione s-transferase in ovary of control and experimental mice.
Parameters Group I Group II Group III Group V Group VI
SOD   1.21依0.67b   0.68依0.50a   0.91依0.58ab   1.18依0.32b   1.20依0.30b

Catalase   1.56依0.40b   0.89依0.45a   1.01依0.32ab   1.40依0.60b   1.45依0.68b

GPx   2.89依0.50b   1.78依0.34a  2.00依0.42b   2.80依0.47b   2.74依0.26b

GST 65.78依0.26b 52.45依0.68a 59.38依0.14ab 63.86依0.62b 64.04依0.41b

Values are expressed as mean 依 SD for six animals. Values not sharing common superscript letters (a-d) differ significantly at P<0.05 (DMRT).
Units: SOD-50% inhibition of nitrite formation/min/mg protein; Catalase-毺moles of H2O2 decomposed/min/mg protein; GPx-毺g of glutathione 
utilized/min/mg protein; GST-毺moles of CDNB conjugated/min/mg protein.

Table 4.
Estimation of protein, Vitamin C, Vitamin E, total reduced glutathione in liver of control and experimental mice.
Parameters Group I Group II Group III Group V Group VI
Protein 73.42依0.31c 43.80依0.71a 65.21依0.47b 69.81依0.73b 71.28依0.24c

Vit C   1.44依0.24c   0.71依0.03a   0.94依0.14b   1.12依0.02b   1.04依0.06b

Vit E   1.88依0.07c   0.88依0.03a   1.15依0.07b    1.55依0.03bc    1.66依0.05bc

TRG 10.95依0.49c   6.82依0.60a   8.36依0.82b 10.65依0.30c   9.23依0.83b

LPO   1.87依0.44a   4.67依0.57b   2.12依0.86a   1.94依0.62a   1.91依0.38a

Values are expressed as mean 依 SD for six animals. Values not sharing common superscript letters (a-d) differ significantly at P<0.05 (DMRT).
Units: Protein-mg/g tissue; Vit C-毺g/g tissue; Vit E-毺g/g tissue; TRG-毺g/g tissue; LPO-nM of MDA formed/min/mg protein.

Table 5.
Estimation of protein, Vitamin C, Vitamin E, total reduced glutathione in ovary of control and experimental mice.
Parameters Group I Group II Group III Group V Group VI
Protein 68.54依0.53b 45.78依0.86a 60.74依0.68b 65.38依0.63b 67.22依0.06b

Vit C   0.98依0.71c   0.14依0.92a   0.57依0.86b   0.85依0.47c   0.91依0.08c

Vit E   1.53依0.47c   0.47依0.62a   1.06依0.27b    1.39依0.38bc   1.48依0.42c

TRG   8.68依0.86c   4.91依0.73a   6.66依0.14b    7.98依0.58bc   8.12依0.34c

LPO   1.54依0.42a   3.76依0.64c   2.14依0.98b   1.61依0.44a   1.55依0.38a

Values are expressed as mean 依 SD for six animals. Values not sharing common superscript letters (a-d) differ significantly at P<0.05 (DMRT).
Units: Protein-mg/g tissue; Vit C-毺g/g tissue; Vit E-毺g/g tissue; TRG-毺g/g tissue; LPO-nM of MDA formed/min/mg protein.
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Group 1 Group 2 Group 3

Group 4
Figure 1. Histopathological analysis of liver.

Group 5

   Figure 1 & 2 shows the histopathological examination 
revealed alterations in the liver and ovary of 4-vinyl 
cyclohexane induced mice. There is marked edema of 
lamina propria in group II animals. In some areas there is 
dense lymphoid hyperplasia expanding the mucosa and 
submucosa. The pathomorphological changes observed 
in 4-vinyl cyclohexane induced intestinal damage 
become apparently normal after treatment with ethanol 
extract of I. frutescens (400 mg/kg bw) and with standard 
cisplatin whereas animals treated with ethanol extract of 
I. frutescens alone showed normal architecture. 

Group 4
Figure 2. Histopathological analysis of ovary.

Group 5

Group 1 Group 2 Group 3

4. Discussion

   The study entails the protective effect of I. frutescens 
against 4-vinylcyclohexene induced ovarian cancer. I. 
frutescens is a medicinal plant to treat against various 
disorders. This present study is aimed to explore the anti - 
cancer effect of oral administration of I. frutescens against 
4-vinylcyclohexene induced ovarian cancer in rats. Uric 
acid, the metabolic end product of purine metabolism, has 
proven to be a selective antioxidant, capable especially 
of reacting with free radicals and hypochlorous acid[20]. 
Selvakumar et al[21]who reported the increased levels 
of creatinine and urea in fibrosarcoma transplanted 
animals this was reverted to normal on treatment with I. 
aspalathoides. Elevation of urea might be a consequence 
of impaired solute transport in the proximal tubules. 
Rejection of solutes in the proximal tubules would retard 
water reabsorption and ultimately enhance fluid delivery 
to the distal nephron. This would increase the driving 

force for urea reabsorption in the collecting duct[22].
   It is well known that the elevation of AST and ALT 
activity is repeatedly credited to hepatocellular damage[23]. 
Srigopalram et al[24]reported that a significant increase 
(P<0.05) in the levels of serum AST and ALT in DEN 
induced animals was observed and it was significantly 
decreased by treatment with Cassia fistula leaf extract. 
The increased activity of liver marker enzymes was 
brought back to near normal levels by the therapeutic 
efficacy of the drug.
   On induction of carcinogen there is over helming of 
oxidative stress and in these conditions, the various 
inherent defense mechanisms (such as the antioxidant 
defense mechanisms, intracellular concentration of 
glutathione, superoxide dismutase (SOD) and catalase 
(CAT) activities become significantly impaired and 
insufficient[25].
   Glutathione Peroxidase-1 (GPx1) is an enzyme playing 
an important role in the defense against oxidative stress 
which is associated with many pathological conditions. 
Thus, changes in the expression of this enzyme in different 
human tissues and fluids could be an indicator used for 
oxidative status assessment[26]. Pracheta et al[27]have 
reported decline in the levels of antioxidants in cancer 
induced mice which are brought back to near normal level 
on administration with Euphorbia neriifolia. 
   Vitamin C or L-ascorbic acid or L-ascorbate is an 
essential nutrient for humans and certain other animal 
species. In living organisms ascorbate acts as an 
antioxidant by protecting the body against oxidative 
stress. It is also a cofactor in at least eight enzymatic 
reactions including several collagen synthesis reactions 
that, when dysfunctional, cause the most severe symptoms 
of scurvy. In animals these reactions are especially 
important in wound-healing and in preventing bleeding 
from capillaries. Vitamin C may reduce carcinogenesis 
through the stimulation of immune systems, where 
cytotoxic T lymphocytes, macrophages, and natural killer 
cells can lyses tumor cells[28]. Vitamin E has very good 
antioxidant properties which neutralize reactive oxygen 
molecules which reduces oxidative DNA damage and 
genetic mutation[29]. Vitamin E can directly scavenge 
reactive oxygen molecules. Vitamin E is thought to be an 
important chain-breaking antioxidant, which plays an 
important role in various stages of carcinogenesis through 
its contribution to immuno competence, membrane and 
DNA repair and decreasing oxidative DNA damage[30].
   All these observations clearly indicate that the ethanolic 
extract of I. frutescens showed a significant anticancer 
activity against 4-vinylcyclohexane induced ovarian 
cancer. Further studies is to characterize the active 
principles and to elucidate the mechanism action are in 
progress.
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