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Abstract As expanded understanding of molecular tumor

characteristics, which drive renal cancer growth and pro-

gression gives a promising future for renal carcinoma

therapy. The objective of the present study was designed to

examine the effect of b-sitosterol on a rat model of

experimental renal carcinogenesis. Renal carcinogenesis

was induced in rats treated with N-diethylnitrosamine

(DEN; 200 mg/kg bw single i.p., injection) and ferric

nitrilotriacetate (Fe-NTA; 9 mg Fe/kg bw i.p., twice a

week for 16 weeks). b-sitosterol pretreatment (20 mg/kg

bw in 0.1 % carboxymethyl cellulose (CMC) p.o., thrice a

week for 24 weeks) was started 2 weeks before the expo-

sure to carcinogens. Expression of angiogenesis marker

(VEGF), proliferative markers (cyclin D1, PCNA) and

apoptotic markers (Bcl-2, Bax, caspase-3 and caspase-9)

were analyzed to assess the anti-cancer potential of b-si-
tosterol in renal carcinogenesis model. mRNA and protein

expression changes were determined by qRT-PCR, Wes-

tern blotting, ELISA technique and immunohistochemistry.

Our results showed that oral administration of b-sitosterol
pretreatment significantly (P\ 0.05) reversed the expres-

sion of all the above mentioned markers and histological

features which have been modified by renal carcinogen. It

is concluded that, the protective effects of b-sitosterol
against renal cancer is associated with the induction of

apoptosis and the inhibition of cellular proliferation.
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Introduction

There is a sharp increase in the incidence of genitourinary

cancers, especially renal cell carcinoma (RCC) round the

world. It has a higher mortality rate and more than 1/3rd of

patients with RCC will die from the disease [1]. RCC is

associated with numerous risk factors, including cigarette

smoking, obesity, hypertension, inherited syndrome, long

term dialysis, chronic kidney disease, genetic susceptibility

and their interaction with environmental exposure [2]. RCC

has been previously reported that, one of the most therapy

resistant cancers [3]. A high degree of interest has been

shown in the new therapeutic agents that modulate angio-

genesis, signal transduction and immune response for

patients with RCC. Hence, a very urgent need to explore

powerful, non-toxic and less expensive chemopreventive

agent that inhibit cancer growth and progression.

In the present study, rat model was chosen for ferric

nitrilotriacetate (Fe-NTA) induced renal carcinogenesis

due to the reason that strongest similarity pattern of renal

cell carcinomas occurs between rat and human. Moreover,

the Fenton reaction occurs faster in male rats when com-

pared to female rats, which have lower whole-kidney and

single nephron glomerular filtration rate [4]. Fe-NTA, a

well established renal toxicant, its repeated administration

leads to renal adenocarcinoma in experimental rats [5]. The

kidney is reported to be the main target of Fe-NTA

involving oxidative damage. It starts from the plasma

compartment, where Fe-NTA finds the ideal environment

to react with oxidisable lipids. The mechanism by which

Fe-NTA causes its effects seems mainly due to its ability to
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interact with the membranes and to act as a powerful cat-

alyst of lipid peroxidation [6]. In addition, Fe-NTA

depletes the antioxidant battery and induces oxidative

stress that cause ROS generation by iron catalyzed Fenton

reaction plays a pivotal role in renal tumorigenesis [7].

ROS can modulate signal transduction cascade is mainly

due to their ability to cause DNA damage. The oxidative

attack and the modification of molecules like proteins and

lipids can increase the risk of mutagenesis. The persistent

tissue damage and cell proliferation could contribute to

cancer-prone microenvironment [8].

Chemopreventive agents can exert anticarcinogenic

effect by scavenging ROS, influencing apoptosis and

inhibiting cell proliferation [9]. For these reasons, com-

pounds derived from natural sources are gaining increasing

interest as potential cancer therapeutics. Numerous studies

have indicated that b-sitosterol inhibits cancer cell prolif-
eration and also exhibits various pharmacological proper-

ties which includes anti-hypercholesterolemic [10], anti-

inflammatory and anti-angiogenic properties [11, 12].

Profound studies have indicated that b-sitosterol activates
the sphingomyelin cycle by 50 % increase in ceramide

production that were associated with the induction of

apoptosis in various cancer cells, including HT-29 human

colon cancer cells [13], LNCaP human prostate cancer cells

[14], Human leukemic U937 cells [15], SGC-7901 human

stomach cancer cells [16] and MDA-MB-231 human breast

cancer cells [17].

Therefore, in the light of above inferences we use renal

carcinogenesis model to explore the anti-proliferative and

apoptotic potential of b-sitosterol and interpret them

according to the recent advancements to fight against

cancer.

Materials and Methods

Drugs and Chemicals

b-sitosterol, DEN (N-diethylnitrosamine), nitrilotriacetic

disodium salt, Trizol reagent and primer sequences for

GAPDH and VEGF were purchased from Sigma-Aldrich

Chemical Pvt. Ltd (St. Louis, MO, USA). Roche

LightCycler Quantification Kit was obtained from Roche,

USA. Antibodies for b-actin, Cyclin D1, PCNA, Bax, Bcl-

2, cleaved caspase-3 and cleaved caspase-9 were purchased

from Santa Cruz Biotechnology, USA. Enzyme-linked

Immunosorbent Assay (ELISA) Kit was obtained from

Biovision Research Products, USA. All other chemicals

used were of analytical grade and purchased from Hi-me-

dia Laboratories Pvt. Ltd, Mumbai, India.

Preparation of Fe-NTA

0.16 mM ferric nitrate solution was mixed with a four-fold

molar excess of 0.64 mM disodium salt of NTA and the pH

was adjusted to 7.4 with a sodium bicarbonate solution

[18].

Animals

Healthy adult male albino rats (8–10 weeks old; weighing

120–180 g) of Wistar strain, were purchased from the

National Institute of Nutrition, Hyderabad, India, and were

maintained in the Central Animal House, Department of

Experimental Medicine, Rajah Muthaiah Medical College

and Hospital, Annamalai University, Annamalainagar,

India. The animals were housed in polypropylene cages

and were provided with a standard pellet diet (Amrut lab-

oratory Animal Feed Mysore Feeds Limited, Bangalore,

Karnataka, India) and water ad libitum. The animals were

maintained under controlled conditions of temperature

(23 ± 2 �C) and humidity (65–70 %) with a 12 h light/-

dark cycle.

Experimental Design

A total number of 24 male albino Wistar rats were ran-

domized into 4 groups (control and experimental) of 6 rats

each. The Group 1 rats served as the Vehicle Control

[0.1 % Carboxymethyl cellulose (CMC)]. The Group 2 and

3 rats were treated with N-diethylnitrosamine (200 mg/kg

bw single i.p., injection) and ferric nitrilotriacetate (9 mg

Fe/kg bw i.p., twice a week for 16 weeks). Group 2 rats

received no other treatment. Group 3 rats were orally

administered with b-sitosterol (20 mg/kg bw in 0.1 %

CMC p.o., thrice a week for 24 weeks) starting 2 weeks

before the exposure to the carcinogens. Based on the pre-

vious work of Baskar et al. [19], 20 mg/kg bw of b-sitos-
terol treatment is effective in colon cancer study and our

previous published data shown that this dosage was

effective against DEN and Fe-NTA [20]. Group 4 rats were

orally administered with b-sitosterol alone throughout the

experimental period. At the end of 24 weeks, all the ani-

mals were sacrificed by cervical dislocation. Four technical

replicates were used for each molecular parameters in

kidney tissues.

Western Blotting

Homogenates containing equal amounts of protein were

resolved by 8–12 % SDS-PAGE and processed for Wes-

tern Blotting and electrotransferred onto poly vinylidene

fluoride membranes. The membranes were then incubated
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overnight at 4 �C with antibodies specific to Cyclin D1,

PCNA, Bax, Bcl-2, cleaved caspase-3 and cleaved caspase-

9 (Santa Cruz Biotechnology, USA). The membranes were

washed with TBST [blocking buffer (containing 5 %

skimmed milk powder in 0.5 M Tris-buffered saline, pH

7.5 containing 0.1 % Tween-20)] and incubated with

respective secondary antibody for 2 h at room temperature.

Protein band detection was performed by enhanced

chemiluminescence assay. Blots were subsequently strip-

ped, reprobed and processed for visualizing b-actin. The
band density was normalized to that of b-actin. Quantita-
tive comparisons of protein expression between various

groups were performed using Image J software (from the

US National Institutes of Health).

qRT-PCR

Total cellular RNA was extracted from renal tissue using

Trizol reagent. The concentration and purity of RNA

preparation were checked by using a Nano spectropho-

tometer (Implen, Germany) measuring the absorbed at 260

and 280 nm. Total RNA (2.0 lg) was reverse transcribed

to cDNA in a reaction mixture containing 1 ll of oligo

(dT) primer (0.2 lg/ml), 1 ll of RNase inhibitor

(10 U/ml), 1 ll of 0.1 M DTT, 4 ll of 59 reaction buffer,

2.0 ll of 30 mM dNTP mix (7.5 mM each), 0.5 ll of

M-MuLV reverse transcriptase (50 U/ll) and made up to

20 ll with DEPC water and kept at 37 �C for 1 h and then

heated at 95 �C for 2 min. The primer sequences for VEGF

and GAPDH were as follows: 50GTGGACATCTTCCA
GGAGGAGTA30 as forward and 50CTCTGAACAAGGCT
CACAGT30 as the reverse primer (Annealing temperature

-58 �C; Size -270 bp) and 50ACTCCCATTCCTCC
ACCTTT30 as forward and 50TTACTCCTTGGAGGCC
ATGT30 as the reverse primer (Annealing temperature

-60 �C; Size -516 bp). PCR amplification was performed

with the Roche LightCycler Quantification Kit. The PCR

conditions were as follows: 95 �C for 5 min, 40 cycles of

30 s at 95 �C, 30 s at 52 to 60 �C (based on the target), and

60 s at 72 �C. The reactions were run in triplicate for each

sample. Relative quantitative folds change compared to

control was calculated using the comparative Ct method

using LightCycler� Relative Quantification Software.

ELISA Technique

Caspase-3 and caspase-9 activities in kidney tissues were

measured using Enzyme-linked Immunosorbent Assay Kit

(Biovision Research Products, USA). The caspase-3 and

caspase-9 assays were based on spectrophotometric

detection of the chromophore p-nitroanilide (pNA) after

cleavage from the labelled substrate DEVD-pNA and

LEHD-pNA respectively at 405 nm in a microtiter plate

reader.

Histopathological Studies

Histopathological investigations were performed on kidney

and liver tissues of the control and experimental animals in

each group. Tissues were fixed at 10 % buffered formalin

and routinely processed and embedded in paraffin; 2–3 lm
sections were cut on a rotary microtome, fixed on glass

slides, and stained with hematoxylin and eosin.

Immunohistochemistry

Kidney tissues from control and experimental animals in

each group were immediately fixed in buffered formalin

(10 %), embedded in paraffin, cut Sects. (2–3 lm) using a

rotary microtome, placed on polylysine coated clean glass

slides, dried at 37 �C and used for immunohistochemical

studies. Paraffin embedded tissue sections were dewaxed

and rehydrated through graded ethanol diluted with dis-

tilled water. Endogenous peroxidase was blocked by

incubation with hydrogen peroxide (3 %) in methanol for

10 min. The antigen retrieval was achieved by microwave

in citrate buffer solution (pH 6.0) for 10 min, followed by

washing step with Tris-buffered saline (pH 7.6). The tissue

sections were then incubated with power BlockTM reagent

(BioGenex, San Ramon, CA, USA), universal proteina-

ceous blocking reagent, for 15 min at room temperature to

block non-specific binding. These tissue sections were then

incubated with specific primary antibody (PCNA and Bcl-

2) over night at 4 �C. The bound primary antibody was

incubated with the secondary antibody conjugated with

horseradish peroxidase for 30 min at room temperature.

After rinsing with Tris-buffered saline, the antigen–anti-

body complex was detected using 3, 30-diaminobenzidine

(Sigma, USA), the substrate of horseradish peroxidase.

When acceptable colour intensity was reached, the slides

were washed, counter stained with hematoxylin and cov-

ered with a mounting medium.

Statistical Analysis

Statistical analysis was performed using one-way analysis

of variance (ANOVA), followed by Duncan’s multiple

range test (DMRT) using SPSS version 17.0 for Windows

(SPSS, Tokyo, Japan). Values are represented as

mean ± SD and P\ 0.05 were considered statistically

significant.
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Results

Effect of b-Sitosterol on Cell Proliferative Markers

(Cyclin D1 and PCNA)

Expression of Cyclin D1 and PCNA were assessed by

western blotting analysis (Fig. 1a, b). The expression of

cell cycle regulatory protein Cyclin D1 and PCNA were

induced in rats treated with DEN and Fe-NTA alone when

compared to control rats (P\ 0.05). However, b-sitosterol
(20 mg/kg body weight) pretreated rats (Group 3) showed

significant alteration of these protein expressions in kidney

tissues compared to Group II (P\ 0.05). There were no

significant difference between the control (Group 1) and b-
sitosterol alone (Group 4) rats.

Anti-hyperproliferative effect of b-sitosterol was further
confirmed through the immunohistochemical analysis of

PCNA (Fig. 2). Intense expression of PCNA was observed

in DEN and Fe-NTA treated rats when compared to control

rats. Oral administration of b-sitosterol pretreated rats

showed considerably lesser expression of PCNA when

compared to Group 2 rats, which suggested that b-sitosterol
has attenuated renal cell proliferation. No obvious differ-

ence between the control (Group 1) and b-sitosterol alone
(Group 4) rats.

Effect of b-Sitosterol on Intrinsic Apoptotic Markers

(Bax, Bcl-2, Caspase-3 and Caspase-9)

Induced expression of Bcl-2, declined expression of Bax,

cleaved caspase-3, cleaved caspase-9 and also decreased

the Bax/Bcl-2 ratio in rats treated with DEN and Fe-NTA

alone when compared to control rats (P\ 0.05; Fig. 1a, c,

d). However, b-sitosterol (20 mg/kg body weight) pre-

treated rats (Group 3) significantly decreased Bcl-2

expression, followed by increased Bax, caspase-3, caspase-

9 and Bax/Bcl-2 ratio compared to Group 2 (P\ 0.05).

There were no significant difference between the control

(Group 1) and b-sitosterol alone (Group 4) rats.

Immunohistochemical evaluation showed very intense

positive staining of Bcl-2 protein (Fig. 3) in rats treated

with only DEN and Fe-NTA compared to control. How-

ever, b-sitosterol (20 mg/kg body weight) pretreated rats

considerably downregulated the expression of Bcl-2 pro-

tein in renal tissues when compared to Group 2. No obvi-

ous difference between the control (Group 1) and b-
sitosterol alone (Group 4) rats.

Levels of caspase-3 and caspase-9 in control and

experimental rats were also evaluated by ELISA method

(Fig. 4). DEN and Fe-NTA treated rats showed signifi-

cantly decreased in the levels of caspase-3 and caspase-9

compared to control rats (P\ 0.05). Pretreatment with b-
sitosterol in Group 3 significantly (P\ 0.05) increased the

levels of caspase-3 and caspase-9. There is no significant

difference between the control (Group 1) and b-sitosterol
alone (Group 4) rats.

Effect of b-Sitosterol on the Expression of VEGF

(Angiogenesis Marker)

VEGF mRNA expression patterns in renal tissues of

control and experimental rats were depicted in Fig. 5a, b.

DEN and Fe-NTA induced significant increase in the

mRNA expression of VEGF in Group 2 rats when com-

pared to control rats (P\ 0.05). b-sitosterol pretreatment

down regulated the VEGF mRNA expression in Group 3

when compared to Group 2 (P\ 0.05). Similar patterns of

VEGF mRNA expression was observed in control rats

(Group 1) and rats treated with b-sitosterol alone (Group

4).

Effect of b-Sitosterol on Histopathological

Observations

Histopathological manifestations in kidney tissues were

depicted in Fig. 6. Normal histology of kidney tissue was

observed in control and b-sitosterol alone treated animals.

However, renal carcinogenesis was confirmed by evaluat-

ing the abnormal pathological symptoms includes

glomerular congestion, tubular congestion, atrophy, blood

sinusoids, interstitial hemorrhages and hyperchromatic

deposits in DEN and Fe-NTA alone treated animals. Fur-

thermore, b-sitosterol pretreatment to DEN and Fe-NTA

treated animals considerably showed protective changes in

the renal tissues. Mild inflammatory cell invasion and mild

tubular degeneration were observed in b-sitosterol pre-

treatment of carcinogenic induced rats.

Histopathological manifestations in liver tissues were

depicted in Fig. 7. Normal histology of liver tissue was

observed in control (Group 1) and b-sitosterol alone

(Group 4) treated animals. DEN and Fe-NTA alone treated

animals (Group 2) showed disruption of the normal liver

architecture, which was confirmed by evaluating the

abnormal pathological symptoms, that includes pro-

nounced dilatation of sinusoids, increased necrotic hepa-

tocytes, lobular architecture and complete destruction of

the hepatocytes. However, prior treatment of b-sitosterol to
DEN and Fe-NTA treated animals noticeably showed

protective changes in liver tissues. Pretreatment with b-
sitosterol to DEN and Fe-NTA treated rat revealed reduc-

tion in necrotic hepatocytes and dilatation of sinusoids

(Group 3) respectively.
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Discussion

The kidney is a dynamic organ and is an important control

system that maintains body homeostasis. It is affected by

many drugs and chemicals. Renal cell carcinoma (RCC) is

a heterogeneous collection of kidney cancers, each driven

by different genes and pathways which exhibited different

clinical and pathological features, with distinct patterns of

origin within the nephron, local invasion, and distant

metastases. Worldwide morbidity and mortality rate

from infectious diseases is being replaced by non-infec-

tious diseases, including cancer, obesity, diabetes,

Fig. 1 Effect of b-sitosterol on
Bax, Bcl-2, cleaved caspase-3,

cleaved caspase-9, Cyclin D1

and PCNA protein expressions

in the kidney tissue of control

and experimental rats. For

quantitative assessment, the

band intensity was measured

with a densitometer and

normalized to b-actin
expression and expressed as

fold change with respect to

control. The changes relative to

control are represented in the

bar diagram. Data shown are

mean ± SD of four independent

experiments. Values not sharing

a common superscript differ

significantly at P\ 0.05

(DMRT)
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cardiovascular diseases, neurodegenerative disease and

aging [21]. Today nutrition research is focusing exclusively

on chronic disease prevention. One of the main focuses is

the search of potential chemopreventive agents without any

adverse side effects. In the National cholesterol education

program, adult treatment panel III has recognized the use

of phytosterols as a key element of dietary therapy [11]. b-
sitosterol is a major phytosterol that exhibit various phar-

macological properties. In the present study, we tried to

unravel the mechanisms of anti-proliferative and apoptotic

potential of b-sitosterol in Fe-NTA model of renal cancer.

Cell proliferation is thought to play an important role in

various steps of the carcinogenic process. Proliferating-cell

nuclear antigen is identified as a cofactor of DNA poly-

merase-d and its expression occurs in the late G1 and S

phase of the cell cycle [22]. PCNA interacts with multiple

protein partners; therefore it plays an important role in

DNA replication and repair of DNA damage, chromatin

structure maintenance, chromosome segregation and cell-

cycle progression [23]. Overexpression of PCNA has been

reported in many types of cancers including renal cancer.

Elevated expression of PCNA indicates the hyper prolif-

erative activity of tumor cells. Reducing the cellular pro-

liferation was one of the hallmarks of controlling the

carcinogenic process because PCNA plays an important

role in nucleic acid metabolism as a component of repli-

cation [24]. Deregulation of G1 to S phase progression of

the cell cycle is a frequent target in carcinogenesis. Cyclin

D1, a key regulatory protein at the G1/S checkpoint of the

cell cycle, act as a growth sensor and over expressed in

many cancers. It provides links between mitogenic stimuli

and the cell cycle. A previous study has reported that Fe-

NTA is known to cause tumor promotion by inducing

cellular proliferation [25]. Our results corroborated with

previous literature that the elevated expression of PCNA in

the kidney of DEN and Fe-NTA administered animals

indicates the hyper proliferative activity of tumor cells.

Vundru et al. [17] have been reported that b-sitosterol

Fig. 2 Representative photomicrographs of PCNA determined by

immunohistochemistry (209). a & d Normal expression was

observed in control rats and b-sitosterol alone rats, b DEN ? Fe-

NTA administration increased the number of PCNA positive cells in

renal sections of rats, c b-sitosterol ? DEN ? Fe-NTA treated rats

showed a lesser number of PCNA positive cells as compared to group

b as is evident from the figure
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induced G0/G1 cell cycle arrest in human breast cancer

MDA-MB-231 cells via the modulation of cell cycle reg-

ulators Cyclin D1. Modulatory expression of PCNA and

Cyclin D1 by b-sitosterol in carcinogenesis induced rats in

the present study explained its anti-proliferative and

growth inhibitory effect.

One of the major mechanisms for the targeted

chemotherapy of various cancers is apoptosis. Many genes

have been acting as either inducers or repressors of apop-

tosis. In that, caspases are responsible for the cleavage of

intracellular proteins and their activation is regulated by

antiapoptotic Bcl-2 and proapoptotic Bax. During intrinsic

pathway, the release of cytochrome c from mitochondria

that activates caspase-9, which in turn activates caspase-3,

an effector caspases [16]. Bcl-2 and its regulated protein

control the cytochrome c and modulate the activity of

caspases. In particular, Bcl-2 has been reported to directly

inhibit caspases-3 and -9 activities. Vundru et al. [17] have

been reported that b-sitosterol induce apoptosis via

mitochondrial membrane depolarization and increase the

Bax/Bcl-2 ratio in breast cancer cells. One of the consistent

clues provided by the cell line study has shown that b-
sitosterol induces apoptosis mediated through the activa-

tion of the sphingomyelin cycle [13]. b-sitosterol stimu-

lates the de novo synthesis of ceramide in differentiated

Caco2 cells [26]. Ceramide act as a second messenger in

cells and increase in its intracellular concentration which is

associated with the inhibition of cell proliferation and

stimulation of apoptosis in many kinds of cancer cells [27,

28]. Previous study has been reported that b-sitosterol
induced apoptosis in prostate cancer cells and human leu-

kemic U937 cells by stimulation of caspase-3 activity and

downregulation of Bcl-2 [15]. The Bax/Bcl-2 ratio is an

important indicator to the cell, how it will respond to an

apoptotic signal. Caspase enzymes are involved in apop-

tosis and their activities can be enhanced by internal

stimuli through altered Bax/Bcl-2 ratio [17]. In the present

study, b-sitosterol pretreatment to Fe-NTA induced rats

Fig. 3 Representative photomicrographs of Bcl-2 determined by

immunohistochemistry (209). a & d Normal expression of Bcl-2 was

observed in control rats and b-sitosterol alone rats, b DEN ? Fe-NTA

administration increased the expression of Bcl-2 in renal tubular

sections of rats, c b-sitosterol ? DEN ? Fe-NTA treated rats showed

decreased expression of Bcl-2 in renal tubular sections of rats as

compared to group b as is evident from the figure
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increased the expression of Bax and Bax/Bcl-2 ratio and

depleted the expression level of Bcl-2 which may con-

tribute the induction of apoptosis via the mitochondrial

apoptosis pathway mediated through caspases. Harada-

Shiba et al. [29] have been shown that cholesterol can

inhibit sphingomyelin degradation and thereby inhibit the

ceramide pathway of apoptosis. Cholesterol lowering effect

of b-sitosterol has been confirmed by Ikeda et al. [10].

These two research evidences suggested that the choles-

terol lowering effect of b-sitosterol was favourable for

apoptosis. These scientific evidences very strongly sug-

gested that b-sitosterol administration increased the activ-

ity of caspases that could be due to the incorporation of b-
sitosterol into lipid rafts of cancer cells, altering their

structure, thereby result in beneficial alterations in signal

transduction.

Increased angiogenesis is the hallmark of advanced RCC

with increased VEGF expression which is an important

factor underlying dysregulated angiogenesis during cancer

progression [30]. Angiogenesis is the process in which more

Fig. 4 Effect of b-sitosterol on
caspase-9 and caspase-3 activity

in the kidney tissue of control

and experimental rats. Data

shown are mean ± SD of four

independent experiments.

Values not sharing a common

superscript differ significantly at

P\ 0.05 (DMRT)

Fig. 5 Effect of b-sitosterol on
VEGF mRNA expression in the

kidney tissue of control and

experimental rats. VEGF

mRNA expression was

normalized to the expression

level of the GAPDH mRNA

expression. The changes relative

to control are represented in the

bar diagram. Data shown are

mean ± SD of four independent

experiments. Values not sharing

a common superscript differ

significantly at P\ 0.05

(DMRT)
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nascent blood vessels are developed to facilitate oxygen and

nutrient supply to the center of the tumor, in turn facilitating

tumor growth. ROS, particularly hydrogen peroxide, can act

as second messengers in cell signaling. Increased ROS

levels in tumor microenvironment have been directly pro-

posed to augment the proliferation rate [31]. Increased ROS

at moderate level mediates drug resistance and allow tumor

cells to survive during treatment, resulting in cancer initi-

ating capabilities. VEGF overexpression causes angiogene-

sis, vascular hyper permeability and stimulation of tumor

development. In the present study, we found that overex-

pression of VEGF in DEN and Fe-NTA induced renal car-

cinogenic rats. However, b-sitosterol pretreatment suppress

the VEGF overexpression by the deprivation of nutrition and

hypoxia to cancer cells.

Histopathological examination of the kidneys of animals

treated for 16 weeks with Fe-NTA revealed massive

inflammatory response, glomerular congestion, tubular

congestion, atrophy, blood sinusoids, interstitial hemor-

rhages and hyperchromatic deposits. However, kidney and

liver from b-sitosterol pretreated rats suppressed the toxic

effects of DEN and Fe-NTA which was confirmed through

representative photomicrographs showing mild changes.

Protective effect of b-sitosterol on renal tissue was evalu-

ated as renal function markers like urea, uric acid and

creatinine in our previous nephroprotective study are in

lines with the present results [20]. Thus, the treatment with

b-sitosterol 20 mg/kg body weight ameliorated the toxic

manifestations of DEN and Fe-NTA in the kidney and liver

which correlated with molecular endpoints.

Conclusion

Finally, we conclude from this study that the prior treat-

ment of b-sitosterol to carcinogen exposed rats resulted in a
marked decline in protein expression of cyclin-D1, PCNA,

Bcl-2 and VEGF and considerable enhancement of cas-

pases and Bax. These are the classical markers of cell

proliferation, tumor promotion and apoptosis. Thus, in the

Fig. 6 Histopathological evaluations in kidney tissues (209). a &

d Control and b-sitosterol alone treated animals, respectively,

showing normal histology of kidney, b DEN ? Fe-NTA alone

treated animals showing glomerular congestion, tubular congestion,

blood sinusoids, interstitial hemorrhages, hyperchromatic deposits

and atrophy (arrow), c b-sitosterol ? DEN ? Fe-NTA treated ani-

mals showing mild tubular degeneration and mild inflammatory cell

invasion (arrow)
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present study, the anti-tumor activity of b-sitosterol against
renal carcinogens was confirmed in experimental carcino-

genesis. Based on our reports, we can strongly suggest that

b-sitosterol can be utilised as a lead molecule to prepare

anti-cancer drug for treating human renal cancer.
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