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ABSTRACT

Background: In the present study, cigarette smoke contains more than four thousand chemicals, many of which 
are known to be carcinogen or cancer promoter. Many epidemiological reports suggest that cigarette smokers are 
at a greater risk of other cancers such as oropharynx, stomach, pancreas, liver, kidney, urinary bladder, colon, and 
breast, however, the few epidemiological reports are available on the role of cigarette smoke in the development of 
prostate cancer. In this study, we investigated the effects of farnesol against cigarette smoke extract (CSE)‑induced 
oxidative stress in prostate. Materials and Methods: Farnesol was administered by gavage (50 mg/kg and 100 mg/kg 
b.wt. in corn oil) one time daily for 7 days. On day 7, rats were exposed to cigarette smoke via intratracheal 
instillation of aqueous CSE. CSE enhanced prostatic xanthine oxidase activity and lipid peroxidation (LPO) along 
with decrease in prostatic glutathione content, antioxidant enzymes activities, viz., glutathione peroxidase, 
glutathione reductase, and catalase. Results: Pre‑treatment of rats with farnesol (50 mg/kg and 100 mg/kg b.wt. 
orally) resulted in significant decreased in xanthine oxidase activity and LPO at both the doses. The level of reduced 
glutathione, the activities of glutathione dependent enzymes and antioxidant enzymes were also augmented to 
significant level with pre‑treatment with farnesol. Conclusion: Thus, our data suggests that farnesol is a potent 
defense against CSE induced prostatic oxidative damage in rodent model of experiment.
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Original Article

PCa are growing at an alarming rate, the etiology of PCa 
is not yet clearly understood. Epidemiological studies have 
shown the involvement of genetic, environmental factors, 
race, old age, and life‑style patterns as the risk‑factors for 
PCa.[2‑4] Few epidemiological studies have been carried 
out to elucidate the role of cigarette smoke on the onset 
of PCa however, the results are inconclusive.[5‑8] Oxidative 
stress results from the imbalance between reactive oxygen 
species ROS production and detoxification enzymes 
when the level of ROS increases, they target cells leading 
to oxidative damage from the interaction of reactive 
oxygen with critical cellular macromolecules.[9] ROS may 
interact with and modify cellular proteins, lipids, and 
deoxyribonucleic acid DNA that results in altered target cell 
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INTRODUCTION

Prostate cancer (PCa) is the second most frequently 
diagnosed cancers and the sixth leading cause of cancer 
death world‑wide.[1] Despite the fact that the incidences of 
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functioning.[10] Oxidative stress can lead to various chronic 
diseases including cancer.[11] Cigarette smoke extract (CSE) 
contains many known potent carcinogens, which increases 
the oxidative burden of the cell, which when persisted may 
lead to many pathological conditions.[12]

It has been shown that arylamine N‑acetyltransferase play 
a major role in bioactivation of carcinogenic amines that 
are present in cigarette smoke consequently causes lung, 
urinary tract, prostate, breast, oral, and liver cancers.[13] 
Studies have shown that certain nitrosamines, which are 
responsible for PCa in rats are found to be present in the 
urine samples of smokers and secondly their serum showed 
increased levels of testosterone and androstenedione, which 
are responsible for PCa progression. The increased level of 
testosterone generates oxidative stress and may lead to PCa 
over a long period.[2,14]

Natural products/compounds are gaining much attention of 
several investigators for the prevention of various human diseases. 
Farnesol (trans‑3,7,11‑trimethyl‑2,6,10‑dodecatrien‑1‑ol) is 
a natural compound and it is a 15‑carbon naturally occurring 
sesquiterpene/isoprenoid. It may be endogenously generated 
in the cells by enzymatic dephosphorylation of farnesyl 
pyrophosphate, a metabolic precursor of squalene yielding 
sterols and other isoprenoid compounds.[15,16] Dietary 
sources of farnesol are the plant products including, fruits 
and berries such as apricots, peaches, plums, blueberries, 
cranberries, raspberries, and strawberries, vegetables such 
as tomatoes, herbs such as lemon grass and chamomile and 
it is also obtained from the essential oils of ambrette seeds 
and citronella.[17‑20]

Studies from our laboratory have revealed that farnesol 
is a potent antioxidant and protects the kidneys and 
lungs against oxidative damage induced by Ferric‑Nitrilo 
Acetate (Fe‑NTA) and CSE respectively.[12,21] Previous 
studies have also been shown that farnesol exhibits significant 
anti‑tumor and anti‑carcinogenesis effects in vivo that might 
be due to the inhibition of 3‑hydroxy‑3‑methylglutaryl 
CoA (HMG‑CoA) reductase.[17,22‑25]

Prevention of cancer by the natural products is called 
chemoprevention and it has no/minimal side effect and 
hence gaining much popularity. A number of naturally 
occurring products from vegetables and herbs exert their 
chemopreventive properties against various diseases 
including carcinogenesis. Therefore, chemoprevention is a 
logical strategy to reduce the mortality from cancer because 
numerous chemopreventive agents are naturally present in 
the plants.

The present study was designed to investigate the 
anticipatory effects of farnesol against CSE induced 
oxidative stress in prostate and histological alterations in 
the testes and prostate of Wistar rats.

MATERIALS AND METHODS

Chemicals
Reduced glutathione (GSH), oxidized glutathione (GSSG), 
nicot inamide adenine dinucleot ide phosphate 
reduced (NADPH), flavin adenine dinucleotide, ethylene 
diamine tetra‑acetic acid (EDTA), nicotinamide adenine 
dinucleotide reduced, xanthine, di‑nitrophenyl hydrazine, 
thiobarbituric acid (TBA), trichloroacetic acid (TCA), 
bovine serum albumin (BSA), 1,2‑dithio‑bis‑nitrobenzoic 
acid (DTNB), glutathione reductase (GR) were obtained 
from Sigma (Sigma Chemical Co., St Louis, MO), 
farnesol (Fluka chemika, Buchs, Switzerland), ferric 
nitrate, ammonium thiocyanate, hydrogen peroxide, 
magnesium chloride, di‑sodium hydrogen phosphate, 
sodium di‑hydrogen phosphate, and sodium hydroxide 
were purchased from E. Merck Limited. All other chemicals 
and reagents were of the highest purity grade commercially 
available. Filter tipped cigarettes (69 mm.) of a popular 
international brand in India were purchased from the local 
market in New Delhi, India.

Animals
A 4‑6‑week‑old male albino rats (130‑150 g) of Wistar 
strain were obtained from Central Animal House of 
Hamdard University, New Delhi, India. They were housed 
in polypropylene cages in groups of six rats per cage and 
were kept in a room maintained at 25°C  ± 2°C with a 
12 h light/dark cycle. They were allowed to acclimatize 
for 1 week before the experiments and were given free 
access to standard laboratory feed (Hindustan Lever Ltd., 
Bombay, India) and water ad libitum.

Preparation of aqueous cigarette smoke extract
CSE was prepared by a modification of previously published 
method.[26] Cigarettes (69 mm filtered) were smoked to 
0.5 cm above the filter, through an experimental apparatus 
with a constant airflow driven by a vacuum pump. Airflow 
was adjusted in such a way that a 69‑mm cigarette took 
1 min in combustion. CSE was prepared by bubbling smoke 
from three cigarettes into 30 ml sterilized deionized distilled 
water (DDW), at a rate of one cigarette per minute. This 
preparation was considered to be 100% CSE.[27,28] CSE was 
prepared just 20 min before the animal exposure, and stored 
at 4°C in airtight glass bottles. Differences in CSE content 
from one preparation to another were monitored for its 
efficacy by its absorbance at 320 nm.[29] and 524 nm.[28] 
Further phenolic content of the CSE was evaluated using 
Folin–Ciocalteu reagent.[30] There were slight variations 
in absorbance at 320 nm and 524 nm (0.630  ± 0.05 
and 0.057 ± 0.002 Abs. Units respectively) and phenolic 
content in CSE prepared at different time intervals was 
found to be 26.018 µg/ml ± 1.86 µg/ml CSE and there 
were no significant difference. Freshly prepared CSE was 
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terminated by the addition of 0.5 ml ice‑cold perchloric 
acid (10% [v/v]). After 10 min, 2.4 ml of distilled water 
was added and centrifuged at 4000 rpm for 10 min and µg 
uric acid formed/min/mg protein was recorded at 290 nm.

Measurement of lipid peroxidation
The assay for membrane LPO was carried out by the 
method of Wright et al. (1981) with some modifications.[34] 
The reaction mixture in a total volume of 3.0 ml contained 
1.0 ml tissue homogenate, 1.0 ml of TCA (10%), and 
1.0 ml TBA (0.67%). All the test tubes were placed in a 
boiling water bath for a period of 45 min. The tubes were 
shifted to ice bath and then centrifuged at 2500 × g for 
10 min. The amount of malondialdehyde (MDA) formed 
in each of the samples was assessed by measuring the optical 
density of the supernatant at 532 nm. The results were 
expressed as the nmol MDA formed/gram tissue by using 
a molar extinction co‑efficient of 1.56 × 105/M/cm.

Measurement of Reduced glutathione (GSH) 
levels
The GSH content in prostate was determined by the 
method of Jollow et al. (1974) in which 1.0 ml of PMS 
fraction (10%) was mixed with 1.0 ml of sulphosalicylic 
acid (4%).[35] The samples were incubated at 4°C for at least 
1 h and then subjected to centrifugation at 1200 × g for 
15 min at 4°C. The assay mixture contained 0.4 ml filtered 
aliquot, 2.2 ml phosphate buffer (0.1 M, pH 7.4), and 
0.4 ml DTNB (10 mM) in a total volume of 3.0 ml. The 
yellow colour developed was read immediately at 412 nm 
on spectrophotometer (Milton Roy Model‑21 D). The 
GSH content was calculated as µmol DTNB conjugate 
formed/gram tissue using molar extinction co‑efficient of 
13.6 × 103/M/cm.

Measurement of glutathione peroxidase 
activity
Glutathione peroxidase activity was assayed by the method 
of Mohandas et al., (1984).[36] The reaction mixture 
consisted of 1.49 ml phosphate buffer (0.1 M, pH 7.4), 
0.1 ml EDTA (1 mM), 0.1 ml sodium azide (1 mM), 
0.05 ml GR (1 IU ml1), 0.05 ml GSH (1 mM), 0.1 ml 
NADPH (0.2 mM), 0.01 ml H2O2 (0.25 mM) and 0.1 ml 
10% PMS in a total volume of 2 ml. The disappearance of 
NADPH at 340 nm was recorded at 25°C. Enzyme activity 
was calculated as nmol NADPH oxidized/min/mg protein 
using molar extinction co‑efficient of 6.22 × 103/M/cm.

Measurement of Glutathione reductase (GR)
activity
The GR activity was measured by the method of Carlberg 
and Mannervik (1975).[37] The assay system consisted 
of 1.65 ml phosphate buffer (0.1 M, pH 7.6), 0.1 ml 

administered to animal groups from same preparation on 
the same day. For control group air bubbled deionized water 
was prepared with the same procedure.

Intratracheal (i.t.) instillation of CSE
Animals were exposed to CSE by i.t. instillation method 
described previously.[31] Briefly, trachea of the animals was 
exposed by a minor surgery on the skin on ventral side of 
the neck, under anesthesia and the CSE then injected into 
the trachea by piercing a sterile syringe needle in between 
two cartilaginous tracheal rings. Control group was treated 
in the same manner with the injection of air bubbled DDW. 
The dose of CSE or DDW was taken as a volume injected 
intratracheally and the dose was 1.3 ml/kg b.wt.[32]

Treatment regimen
To study, the effect of pre‑treatment of animals with 
farnesol on CSE induced oxidative damage to prostate 
and testis, 25 male Wistar rats were randomly allocated to 
five groups of five rats in each. The animals of Groups I 
served as control received corn oil orally (5 ml/kg b.wt. 
once daily, for 7 days). Group III received pre‑treatment 
with farnesol (FS) by gavages once daily for 7 days at a 
dose of 50 mg/kg b.wt. (FS I). Groups IV and V received 
farnesol once daily for seven consecutive days at a dose 
level of 100 mg/kg b.wt. (FS II). On day 7, 1 h after the 
last treatment with farnesol or corn oil the animals of 
Groups II, III and IV were administered with a single i.t 
dose of CSE (1.3 ml/kg b.wt.), Group I (control group) 
and Group V (only FS II group) were administered with 
DDW i.t.(1.3 ml/kg b.wt.). All the animals were killed 24 h 
after last treatment.

Post‑mitochondrial supernatant preparation 
and estimation of different parameters
Prostate was removed quickly, cleaned with ice‑cold 
saline (0.85% sodium chloride). The prostate (10% w/v) 
was homogenized in chilled phosphate buffer (0.1 M, 
pH 7.4) using a Potter Potter Elvehjen homogenizer. 
The homogenate was filtered through muslin cloth, and 
were centrifuged at 3000 rpm for 10 min at 4°C by Eltek 
Refrigerated Centrifuge (model RC 4100 D) to separate 
the nuclear debris. The aliquot so obtained was centrifuged 
at 12,000 rpm for 20 min at 4°C to obtain PMS, which 
was used as a source of various enzymes.

Measurement of xanthine oxidase activity
The activity of xanthine oxidase was assayed by the method 
of Stirpe and Della Corte (1969).[33] The reaction mixture 
consisted of 0.2 ml PMS, which was incubated for 5 min 
at 37°C with 0.8 ml phosphate buffer (0.1 M, pH 7.4). 
The reaction was started by adding 0.1 ml xanthine 
(9 mM) and kept at 37°C for 20 min and the reaction was 
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EDTA (0.5 mM), 0.05 ml GSSG (1.0 mM), 0.1 ml 
NADPH (0.1 mM), and 0.1 ml of 10% PMS in a total 
volume of 2.0 ml. The enzyme activity was assessed at 25°C 
by measuring the disappearance of NADPH at 340 nm and 
was calculated as nmol NADPH oxidized/min/mg protein 
using molar extinction co‑efficient of 6.22 × 103/M/cm.

Measurement of catalase activity
Catalase activity was assayed by the method of 
Claiborne (1985).[38] The reaction mixture consisted of 
1.95 ml phosphate buffer (0.1 M, pH 7.4), 1.0 ml hydrogen 
peroxide (0.019 M), and 0.05 ml 10% PMS in a final 
volume of 3 ml. Changes in absorbance were recorded at 
240 nm. Catalase activity was calculated as nmol H2O2 
consumed/min/mg protein.

Histology
The prostate and testes were excised flushed with saline, 
fixed in 10% neutral buffered formalin for at least 24 h 
and after fixation, the specimens were dehydrated in 
ascending grades of ethanol, cleared in benzene, and 
embedded in paraffin wax. Blocks were made and 5 µm 
thick sections were cut from the prostate and testes. The 
paraffin embedded tissue sections were deparaffinized using 
xylene and ethanol. The slides were washed with phosphate 
buffered saline and permeabilized with permeabilization 
solution (0.1 M citrate, 0.1% Triton X‑100). These sections 
stained with haematoxylin and eosin and were observed 
under light microscope at × 40 magnifications to investigate 
the histo‑architecture of prostate and testes of Wistar rats.

Measurement of protein
The protein concentration in all samples was determined 
by the method of Lowry et al.[39] using BSA as standard.

Statistical analysis
The data from individual experiments are presented as the 
means ± SD. Differences between groups were analyzed 
using ANOVA followed by Dunnett’s multiple comparisons 
test and minimum criterion for statistical significance was 
set at P < 0.05 for all comparisons.

RESULTS

Effect of CSE on antioxidant enzymes in 
prostate of Wistar rats and its amelioration  
by FS
The i.t. instillation of CSE (Group II) caused a significantly 
decreased the activities of glutathione metabolizing 
enzymes such as GR and glutathione peroxidase 
GPx (P < 0.001), and catalase activity (P < 0.001) when 
compared with control (Group I) animals. Lower dose of 
farnesol (FS I 50 mg/kg b.wt. + CSE) (Group III) caused a 
significant augmentation in the activities of GR (P < 0.05), 
GPx (P  < 0.001) and catalase (P  < 0.001) as compared 
to Group II animals. Higher dose of farnesol (FS II 
100 mg/kg b.wt.  + CSE) (Group IV) also significantly 
increased the activities of GR (P < 0.001), GPx (P < 0.001) 
and catalase (P  < 0.001) as compared to CSE‑treated 
animals (Group II). Whereas only farnesol treated 
group (Group V) animals did not showed any significant 
change in the activities of different enzymes as compared 
to control (Group I) animals [Table 1].

Effect of CSE on reduced glutathione level in 
prostate of Wistar rats and its amelioration by 
FS
GSH levels were decreased significantly (P  < 0.001) 
in CSE treated animals (Group II) as compared to 
control (Group I) animals. Lower dose of farnesol (FS 
I 50 mg/kg b.wt.  + CSE) (Group III) and higher dose 
of farnesol (FS II 100 mg/kg b.wt. + CSE) (Group IV) 
showed a significant increase in GSH level i.e. (P < 0.05) 
and (P < 0.001) when compared with Group II animals. 
Only FS II (farnesol 100 mg/kg b.wt.) (Group V) did 
not show any significant change in the GSH levels when 
compared with Group I [Figure 1].

Effect of CSE on MDA level and xanthine 
oxidase activity in prostate of Wistar rats and 
its amelioration by FS
CSE admin i s t r a t ion  (Group  I I )  re su l t ed  in 
increased MDA formation (P  <  0.001) [Figure 2] 

Table 1: Effects of farnesol and cigarette smoke extract on the activities of glutathione reductase, 
glutathione peroxidase, catalase and xanthine oxidase
Treatment 
groups

GR nmol NADPH 
oxidized/min/mg 

protein

GPx nmol 
NADPH oxidized/
min/mg protein

CAT nmol H2O2 
consumed/min/

mg protein

XO μg uric acid 
formed/min/mg 

protein
Control 53.98±2.68 211.22±1.68 7.63±0.32 0.0306±0.0013
CSE 13.39±0.26### 126.99±3.40### 2.41±0.25###  0.0716±0.0012###

FS I 29.23±1.22* 203.02±3.37*** 7.19±0.14*** 0.0344±0.0019***
FS II 44.66±1.95*** 241.32±1.61*** 8.28±0.52*** 0.0481±0.0013***
Only FS II 50.13±3.58 221.78±5.96 8.74±0.26 0.0342±0.0013

Values are expressed in means±SD (n=5). Significant differences are indicated by #P<0.05; ##P<0.01, and ###P<0.001 Control vs CSE, and *P<0.05,**P<0.01 and 
***P<0.001 CSE vs FS treated groups. CSE: Cigarette smoke extract 1.3 ml/kg b.wt.; FS I: Farnesol 50 mg/kg b.wt; FS II: Farnesol 100 mg/kg b.wt 
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and XO (P  <  0.001) [Table 1] when compared to 
control (Group I). FS I (farnesol 50 mg/kg b.wt.)  + 
CSE (Group III) and dose FS II (farnesol 100 mg/
kg b.wt.) + CSE (Group IV) (P < 0.001) treated groups 
restored the levels to normal when compared with Group II 
animals. Only FS II (farnesol 100 mg/kg b.wt.) (Group V) 
did not show any significant change in the MDA levels and 
XO activity when compared with Group I.

Effect of CSE on histology of prostate of Wistar 
rats and its amelioration by FS
CSE‑treated rats show normal histo‑architecture for the 
prostate tissue with thin lining of small columnar cells, 
large lumen, and with less prostatic secretions. Figure 2 
shows broad and irregular columnar cell lining with nuclei 
stratification and prostatic secretions were also elevated. 
Farnesol treated Groups III and IV showed comparatively 
restored histological findings similar to that of control. 
Only Farnesol treated group were found to be devoid of 
any pathological histology [Figure 3].

Effect of CSE on rat testis and its amelioration 
by FS
CSE treatment resulted in decrease of Leydig 
cells (Group II) when compared to control (Group I). 
FS treatment at both the doses (Group III and IV) 
resulted in the normal number of leydig cells. Only FS II 
dose (Group V) did not show and significant difference 
when compared to control (Group I) [Figure 4].

DISCUSSION

In this study, we have examined the protective effects of 
farnesol against CSE‑induced prostate oxidative stress in 

Wistar rats. According to some epidemiological studies, 
cigarette smoke plays a role in the development of prostate 
cancer and it is a major health hazard.[5‑8] The exact 
mechanism of cigarette smoke induced prostate cancer is 
not known however, it may be because of oxidative burden 
induced by cigarette smoke. Cigarette smoke contains 
billions of free radicals and chemicals that generate ROS 
in vivo[40] and this makes cigarette smoke highly oxidative 
and is responsible for most of the damages. The present data 
has demonstrated causal role of cigarette smoke oxidants 
in prostate and testes injury and farnesol is minimizing 
it significantly. Free radicals and ROS generated by 
cigarette smoke may play a key role in the instigation of 
membrane LPO. LPO is a marker of oxidative stress and 
several studies have reported that remarkable elevation 
in the level of MDA, a LPO product, was observed after 
CSE treatment.[12,41] Our results also corroborated with 
the above mentioned findings, which showed that there 
is increase in the MDA level in rats treated with CSE 
and pre‑treatment with farnesol significantly reduced 
the MDA level. It was also observed that CSE‑induced 
enhanced activity of xanthine oxidase further strengthen 
the involvement of oxidative stress, which resulted in 
CSE‑induced oxidative damage in the prostate of Wistar 
rats. Farnesol pre‑treatment significantly attenuated the 
CSE induced XO activity. XO is an enzyme that reduces 
O2 to superoxide anion radical (O2•−) and consequently 
produce oxidative stress.[42]

GSH is a low‑molecular weight tripeptide cellular 
antioxidant, which protects against the peroxidation of 
lipid membrane by conjugating with the electrophile such 
as 4‑Hydroxy‑3‑nonenal, formed during LPO and thus, 
GSH gets depleted in this conjugation reaction.[43] In this 
study, it was observed that the level of GSH is depleted 
in CSE treated group as compared to control group. 

Figure 1: Effect of farnesol and cigarette smoke extract (CSE) on 
reduced glutathione level in prostate of Wistar rats. Values are 
represented in means  ± S.D. (n  = 5). Significant differences are 
indicated by #P<0.05, ##P<0.01, and ###P<0.001 when compared with 
control animals (Group I), and *P<0.05, **P<0.01 and ***P<0.001 when 
compared with CSE treated animals (Group II). CSE = Cigarette smoke 
extract 1.3 ml/kg b.wt.; FS I = Farnesol 50 mg/kg b.wt; FS II = Farnesol 
100 mg/kg b.wt

Figure 2: Effect of farnesol and cigarette smoke extract (CSE) on 
MDA level of prostate. Values are expressed in means ± SD (n = 5). 
Significant differences are indicated by #P<0.05, ##P<0.01, and 
###P<0.001 when compared with control animals (Group I), and 
*P<0.05, **P<0.01 and ***P<0.001 when compared with CSE treated 
animals (Group II). CSE = Cigarette smoke extract 1.3 ml/kg b.wt.; 
FS I = Farnesol 50 mg/kg b.wt; FS II = Farnesol 100 mg/kg b.wt
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Farnesol supplementation significantly attenuated the level 
of GSH at both the doses of farnesol. Our findings are in 
agreement with the previous reports from our laboratory, 
which showed farnesol significantly alleviated the Fe‑NTA, 
CSE, and DMH‑induced depletion of GSH level.[9,12,21] 
According to present findings, farnesol significantly 
attenuated the activities of glutathione dependent enzymes 
i.e. GPx and GR against CSE in the prostate of Wistar rats. 
It also attenuated the activity of catalase, an antioxidant 
enzyme responsible for the break‑down of hydrogen 
peroxide into water and oxygen.[21]

The above mentioned findings corroborated with the 
histological data, which exhibited the protective effects 
of farnesol against CSE‑induced nuclei stratification with 
papilli formation and closely packed gland lined by tall 
columnar cells and an increase in prostatic secretions. 
Pre‑treatment with farnesol showed normal prostate 
architecture, minimal secretion in the prostate acini, and 
no nuclei stratification is seen. It was also demonstrated 
that CSE treatment resulted in decrease of leydig cells. 
Farnesol pre‑treatment showed significant protective effects 
against CSE‑induced reduction in leydig cells in the testes 
of Wistar rats.

The precise mechanism of protective action of farnesol 
against CSE is still unknown but it can be concluded from 
the findings of the present study that farnesol exhibits the 
protective effect against CSE‑induced oxidative damages in 
prostate probably through the attenuation of CSE‑induced 
oxidative stress. Further studies are still warranted to 
explicate the exact protective mechanism of farnesol.
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