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Abstract
The anti-estrogenic and anti-cell proliferative effect of allyl isothiocyanate (AITC) was carried out by analyzing the status of sex
hormones and its receptors and cell proliferative markers in chemically induced mammary carcinogenesis in rats. Mammary
tumor was induced by a single dose of DMBA (25 mg/rat) and MNU (50 mg/kg bw) injected subcutaneously near mammary
gland. RT-PCR, western blotting and immunohistochemical analysis of mammary tissues show an upregulation of
ER-α, PR, aromatase, PCNA, cyclin D1 and AgNORs staining and down regulation of p53 expression as well as
plasma estradiol, prolactin and testosterone levels increased in DMBA and MNU-induced tumor bearing rats. Oral
administration of AITC at a dose of 20 mg/kg bw restored the levels of sex hormones and its receptors, aromatase,
cell proliferative markers and AgNORs staining near to normal levels. Molecular docking studies also supported
these findings. The results suggest that anti-estrogenic and anti-proliferative effect of AITC prevent the development
of DMBA and MNU-induced mammary carcinogenesis in rat.
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Introduction

Breast cancer is the major health concern among women folk
and continues to be the leading cause of morbidity and mor-
tality worldwide [1]. Sex hormones play a vital role in the
process of mammary carcinogenesis. Prolonged exposure of
estrogen and its related factors such as early menarche, late
menopause, nulliparity, frequent use of oral contraceptive and
hormone replacement therapy are considered to be the major
risk factors [2]. Estrogen and progesterone actions are medi-
ated via nuclear receptor known as estrogen receptors (ER) α
and β and progesterone receptors (PR) A and B respectively
promote the proliferation of both normal and cancerous mam-
mary gland epithelium by altering the intracellular signaling
pathways [3]. Aromatase inhibition is an important target for

reducing cell proliferation in estrogen dependent breast cancer
[4]. Prolactin is a lactogenic hormone and its cleavage prod-
uct, activates uncontrolled proliferation of epithelial cells in
mammary gland [5].

Cell proliferation process plays an important role in multi-
step carcinogenesis. p53 is a tumor suppressor protein control-
ling cell proliferation, growth and transformation. It has been
strongly implicated in the process of carcinogenesis and apo-
ptosis [6]. Proliferating cell nuclear antigen (PCNA), a highly
conserved nuclear protein of DNA polymerase-δ, act as a
useful marker to assess tumor cell proliferation and progres-
sion [7]. Cyclin D1 contributes to mammary carcinogenesis,
presumably by increasing cell proliferation and differentiation
[8].

7,12-dimethylbenz(a)anthracene (DMBA) and N-methyl-
N-nitrosourea (MNU) are chemical carcinogens induce breast
cancer. DMBAmetabolite, diol epoxide is a strong carcinogen
interacts with DNA of proliferating cells in the terminal end
buds of mammary epithelium inducing neoplastic transforma-
tion [9]. MNU is a highly specific carcinogen and does not
require metabolic activation to form DNA mutation and also
estrogen dependent, invasive and metastasize. The
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mechanism of cancer induction of DMBA and MNU are dif-
ferent but both producing adenocarcinoma. The tumor growth
is hormone dependent and upregulate the expression of estro-
gen and progesterone receptors [10].

The chemopreventive efficacy of phytochemicals have
been studied by using in vitro and in vivo models [11]. Allyl
isothiocyanate (AITC) found in some brassica vegetables
emerging as a promising chemopreventive agent. The
anti-tumor [12] and anti-proliferative [13] properties of
AITC were studied in various cancer cell lines and
found that the putative mechanisms are inhibition of
cytochrome P450 enzymes and activation of phase II
enzymes. Our previous study also reported that AITC
found to be effective in prevention of mammary tumor-
igenesis in DMBA induced female Sprague-Dawley
(SD) rats [14]. The present study aimed to investigate
the anti-estrogenic and anti-proliferative effect of AITC
in chemoprevention of DMBA and MNU induced mam-
mary carcinogenesis in female SD rats by analyzing the
sex hormone in plasma, hormone receptors and cell pro-
liferative markers in mammary tissues.

Materials and Methods

Chemicals

AITC, DMBA and MNU were purchased from Sigma-
Aldrich Chemicals Pvt. Ltd., Bangalore, India. Primary anti-
bodies for ER-α, PR, aromatase, p53, PCNA, cyclin D1 and
β-actin were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA). All the other chemicals used were of ana-
lytical grade.

Animal Model

Female SD rats (weighed 100–120 g), six to seven weeks of
age were purchased from National Institute of Nutrition,
Hyderabad, India. After getting proper approval from the
Institutional Animal Ethics Committee for the Control and
Supervision of Experimental Animal (CPCSEA approval no:
983) guidelines, the rats were maintained in the Central
Animal House, Rajah Muthiah Medical College and
Hospital, Annamalai University, Chidambaram, Tamilnadu,
India. The rats were acclimatized under the controlled condi-
tions of temperature (24 ± 2 °C), humidity (50 ± 10%) and
12 h light/dark cycle with provided feed and water ad libitum.

Experimental Design

After dose fixation, total numbers of 60 rats were divided into
six groups consisting of 10 rats each. Group I rats were served
as untreated control. Groups II & IV, III & V rats were

received a single subcutaneous injection of DMBA (25 mg/
rat) and MNU (50 mg/kg bw) respectively near to the mam-
mary gland at the end of the first week. Groups II & III rats
received no other treatment. Groups IV & V rats were admin-
istered orally AITC (20mg/kg bw) by intubation once in a day
by starting one week before the exposure of the carcinogen
and were continued till the end of experimental period. Group
VI rats were received oral administration of AITC (20 mg/kg
bw) throughout the experimental period (16 weeks). The dose
of AITC 20 mg/kg bw was decided based on our previ-
ous dose dependent study [14].

Evaluation of Hormone Profile

Hormones such as plasma estradiol, progesterone, prolactin
and testosterone were measured using enzyme-linked immu-
nosorbent assay kits as per the manufacturer’s instructions.

Histological Analysis

For histological analysis, mammary tissues were excised and
immersed in 10% formalin solution for fixation, dehydrated
with graded ethanol solutions from 50% to 100% and then
embedded in paraffin. Paraffin-embedded mammary tissue
sections (3–5 μm) were cut using a microtome then
rehydrated with xylene and dehydrated with graded ethanol.
Argyrophilic Nucleolar Organizer Regions (AgNORs) stain-
ing was performed according to the method of Ploton et al.
[15]. Images were captured by Nikon Coolpix 4500 micro-
scope at 40x magnification. Mammary tissues AgNORs dots/
nuclei was analysed by using standard quantification software
ImageJ.

Reverse Transcription-Polymerase Chain Reaction
Analysis

The total RNA was isolated from the mammary tissues
using Trizol reagent according to the method of
Chomczynski and Sacchi [16]. The diluted RNA sample
was quantified spectrophotometrically by measuring the
absorbance at 260 nm. The purified RNA was reverse
transcribed by using reverse transcriptase enzyme into a
single strand cDNA. The cDNA was amplified with re-
spective primers of ER-α, PR, aromatase, p53, PCNA
and cyclin D1 as mentioned below, GAPDH used as an
internal standard.

ER-α forward primer: 5’-AATTCTGACAATCG
ACGCCAG-3 ′ and reverse primer: 5’-GTGCTTCA
ACATTCTCCCTCCTC-3 ′, PR forward primer: 5’-
CCCACAGGAGTTTGTCAAGCTC-3′ and reverse primer:
5’-TAACTTCAGACATCATTTCCGG-3′ for the amplifica-
tion was carried out in an automated thermal cycler as follows:
the reaction was performed with 35 cycles of denaturation for
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1 min at 95 °C, annealing for 1 min at 62 °C, extension for
2 min at 72 °C and then terminated with a 5 min ex-
tension at 72 °C. Aromatase forward primer: 5’-
GCTTCTCATCGCAGAGTATCCGG-3′ and reverse
primer: 5’-CAAGGGTAAATTCATTGGGCTTGG-3′ for
the amplification was carried out in an automated ther-
mal cycler as follows: the reaction was performed with
35 cycles of denaturation for 30 s at 95 °C, annealing
for 30 s at 60 °C, extension for 30 s at 72 °C and then
terminated with 5 min extension at 72 °C.

p53 forward primer: 5’-GATTCTTTCTCCTCTCCTAC-3′
and reverse primer: 5’-TGTAGATGGCCATGGCACGG-3′
for the amplification was carried out in an automated thermal
cycler as follows: 35 cycles of denaturation for 1 min at 95 °C,
annealing for 1 min at 53 °C, extension for 1 min at 72 °Cwith
initial denaturation at 95 °C for 5 min and final extension for
5 min at 72 °C. PCNA forward primer: 5’-GCCCTCAA
AGACCTCATCAA-3′ and reverse primer: 5’-GCTCCCCA
CTCGCAGAAAAC-3′ for the amplification was carried out
in an automated thermal cycler as follows: 25 cycles of dena-
turation for 1 min at 95 °C, annealing for 30 s at 60 °C, ex-
tension for 1 min at 72 °Cwith initial denaturation at 72 °C for
30 s and final extension for 7 min at 72 °C. Cyclin D1 forward
primer: 5’-TGGAGCCCCTGAAGAAGAG-3′ and reverse
primer: 5′- AAGTGCGTTGTGCGGTAGC-3′ for the ampli-
fication was carried out in an automated thermal cycler as
follows: the reaction was performed with 45 cycles of dena-
turation for 45 s at 94 °C, annealing for 30 s at 45 °C,
extension for 30 s at 72 °C and then terminated with
7 min extension at 72 °C.

GAPDH forward primer: 5’-TTCTTGTGCAGTGC
CAGCCTCGTC-3′ and reverse primer: 5’-TAGGAACA
CGGAAGGCCATGCCAG-3′ for the amplification was car-
ried out in an automated thermal cycler as follows: the reac-
tion was performed with 35 cycles of denaturation for 30 s at
95 °C, annealing for 30 s at 58 °C, extension for 30 s at 72 °C
and then terminated with 5 min extension at 72 °C. The am-
plified PCR products were analyzed by electrophoresis in 2%
agarose gels and visualized under UV illumination using
ethidium bromide.

Western Blotting Analysis

Mammary tissues were homogenized in ice-cold RIPA buffer.
The homogenate was centrifuged at 12,000 rpm for 15 min at
4 °C. The supernatant was collected and the protein concen-
tration was measured by the method of Lowry et al. [17]. Total
cellular proteins containing 50 μg were loaded and separated
using 10% SDS polyacrylamide gel electrophoresis. The sep-
arated proteins were transferred into PVDF membrane. The
membranes were incubated with the blocking buffer contain-
ing 5% BSA (Bovine Serum Albumin) for 2 h to reduce non-
specific binding sites and then incubated with the specific

primary antibodies for ER-α (mouse monoclonal; 1:1000),
PR (mouse monoclonal; 1:1000), aromatase (rabbit polyclon-
al; 1:1000), p53 (mouse monoclonal; 1:1000), PCNA (mouse
monoclonal; 1:1000), cyclin D1 (mouse monoclonal;
1:1000) and β-actin (rabbit polyclonal; 1:500) were di-
luted with 5% BSA in TBS (Tris-Buffered Saline) for
overnight at 4 °C. Membranes were washed thrice with
TBST (Tris-Buffered Saline Tween 20). The membranes
were incubated with their corresponding secondary anti-
bodies for 2 h at room temperature. Membranes were
washed thrice with TBST. Protein bands were visualized
by an enhancing chemiluminescence method using an
ECL kit (GenScript ECL kit, USA). Bands were
scanned using a scanner and quantitated by ImageJ, a
public domain Java image processing software, Wayne
Rasband, NIH, Bethesda, MD, USA, which control was
set to 1.

Immunohistochemical Analysis

Paraffin embedded mammary tissue sections were processed
and then immunostained with the primary antibodies for ER-α
and PR at a concentration of 1 μg/mL with 3% BSA in TBS
and incubated overnight at 4 °C. The slides were washed
thrice with TBST and incubated with their respective HRP
conjugated secondary antibodies, diluted 1:200 with 3%
BSA in TBS and incubated for 2 h at room temperature.
Sections were then washed with TBST and incubated with
0.02% diaminobenzidine containing 0.01% hydrogen perox-
ide for 5–10 min and counter staining was performed using
hematoxylin and the slides were visualized under a light
microscope.

Molecular Docking Study

Molecular docking study was done using Schrodinger suite
2014–2. The structure of AITC was retrieved from PubChem
(www.ncbi.nlm.nih.gov/pccompound) and the structures of
target proteins such as aromatase (PDB ID: 3EQM) and ER-
α (PDB ID: 3ERT) were retrieved from the protein data bank
(www.rcsb.org/pdb). Receptor grid generation and ligand
docking were performed by employing Glide Xp docking
algorithm.

Statistical Analysis

Statistical analysis was performed using SPSS 16 (SPSS, Inc.,
Chicago) statistical package. The data is expressed as mean ±
standard deviation. One way analysis of variance (ANOVA)
followed by Duncan’s Multiple Range Test (DMRT) compar-
ison method was used to correlate the difference between the
variables. Data is considered statistically significant if
p values are less than 0.05.
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Results

Effect of AITC on Level of Sex Hormones in Plasma
of Control and Experimental Rats

Table 1 shows the level of sex hormones in plasma of control
and experimental rats. The level of sex hormone such as es-
tradiol, prolactin and testosterone are significantly (p < 0.05)
increased and the level of progesterone is significantly
(p < 0.05) decreased in group II and III cancer-bearing rats
when compared to the group I control rats. Whereas the levels
of estradiol, prolactin and testosterone are significantly
(p < 0.05) decreased and the level of progesterone is signifi-
cantly (p < 0.05) increased in group IV and V AITC treated
rats when compared to the group II and III cancer-bearing rats.
However, there are no significant (p < 0.05) changes in the
level of sex hormones in group VI AITC alone treated rats
when compared to group I control rats.

Effect of AITC on mRNA and Protein Expression
of ER-α, PR and Aromatase in Mammary Tissues
of Control and Experimental Rats

Figures 1 and 2 show the RT-PCR and western blot analysis
expression of ER-α, PR and aromatase in mammary tissues of
control and experimental rats. The mRNA and protein expres-
sion of ER-α, PR and aromatase are significantly (p < 0.05)
increased in group II and III cancer-bearing rats when com-
pared to group I control rats. Whereas the mRNA and protein
expression of ER-α, PR and aromatase are significantly (p <
0.05) decreased in group IV and V AITC treated rats when
compared to the group II and III cancer-bearing rats.
However, there are no significant (p < 0.05) changes in the
mRNA and protein expression of ER-α, PR and aromatase
in group VI AITC alone treated rats when compared to group
I control rats.

Effect of AITC on the Protein Expression of ER-α
and PR in Mammary Tissues of Control
and Experimental Rats

Figures 3 and 4 (A-F) show the immunohistochemical analy-
sis of ER-α and PR in mammary tissues of control and exper-
imental rats. The protein expression of ER-α and PR are sig-
nificantly (p < 0.05) increased in group II (B) and III (C)
cancer-bearing rats when compared to group I (A) control rats.
Whereas the protein expression of ER-α and PR are signifi-
cantly (p < 0.05) decreased in group IV (D) and V (E) AITC
treated rats when compared to the group II (B) and III (C)
cancer-bearing rats. However, there are no significant
(p < 0.05) changes in the expression of ER-α and PR in group
VI (F) AITC alone treated rats when compared to group I (A)
control rats.

Effect of AITC on Histological Analysis of AgNORs
Staining in Mammary Tissues of Control
and Experimental Rats

Figure 5a–f shows the histological analysis of AgNORs stain-
ing in mammary tissues of control and experimental rats. The
group II (B) and III (C) cancer-bearing rats showed signifi-
cantly (p < 0.05) increased AgNORs dots/nuclei, which is re-
duced in group IV (D) and V (E) AITC treated rats. The group
I (A) control and group VI (F) AITC alone treated rats exhib-
ited very low accumulation of AgNORs dots/nuclei.

Effect of AITC on mRNA and Protein Expression
of p53, PCNA and Cyclin D1 in Mammary Tissues
of Control and Experimental Rats

Figures 6 and 7 show the RT-PCR and western blot analysis
expression of p53, PCNA and cyclin D1 in mammary tissues
of control and experimental rats. The mRNA and protein ex-
pression of p53 are significantly (p < 0.05) decreased and

Table 1 Effect of AITC on
hormone profile in plasma of
control and experimental rats

Groups Estradiol (pg/mL) Progesterone (ng/mL) Prolactin (ng/mL) Testosterone (ng/mL)

Control 31.56 ± 3.0a 11.46 ± 0.8a 14.59 ± 1.0a 3.63 ± 0.3a

DMBA 49.23 ± 3.7b 6.84 ± 0.5b 25.92 ± 1.7b 9.16 ± 0.8b

MNU 45.08 ± 3.3c 8.51 ± 0.7c 23.18 ± 1.7c 7.97 ± 0.6c

DMBA + AITC 35.21 ± 2.6a 10.68 ± 0.9a 16.12 ± 1.4a 4.23 ± 0.3a

MNU+AITC 34.16 ± 2.7a 11.06 ± 0.9a 15.61 ± 1.1a 4.12 ± 0.3a

AITC 32.86 ± 2.7a 11.21 ± 0.9a 14.89 ± 1.0a 3.91 ± 0.3a

Values are expressed as mean ± SD for ten rats in each group

Values not sharing a common superscript differ significantly at p < 0.05
a Comparisons were made between groups I, IV, V and VI
b Comparisons were made between group II
c Comparisons were made between group III
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PCNA and cyclin D1 were significantly (p < 0.05) increased
in group II and III cancer-bearing rats when compared to
group I control rats. Whereas the mRNA and protein

expression of p53 was significantly (p < 0.05) increased and
PCNA and cyclin D1 are significantly (p < 0.05) decreased in
group IVand VAITC treated rats when compared to the group

Fig. 1 RT-PCR analysis of ER-α,
PR and aromatase in the
mammary tissues of control and
experimental rats. (I) Shows the
band intensity quantified by den-
sitometry and normalized to
GAPDH loading control. Lane 1:
control rats (group I); Lane 2:
DMBA-induced rats (group II);
Lane 3: MNU-induced rats
(group III); Lane 4: DMBA-
induced rats treated with AITC
(group IV); Lane 5: MNU-
induced rats treated with AITC
(group V); Lane 6: AITC alone
treated rats (group VI). (II) The
representative graph shows the
relative mRNA expression of fold
changes in RT-PCR. Values are
given as mean ± SD for groups of
ten rats in each. Values not shar-
ing a common superscript differ
significantly at p < 0.05 (DMRT)

Fig. 2 Western blotting analysis
of ER-α, PR and aromatase in the
mammary tissues of control and
experimental rats. (I) Shows the
band intensity quantified by den-
sitometry and normalized to re-
spective β-actin loading control.
Lane 1: control rats (group I);
Lane 2: DMBA-induced rats
(group II); Lane 3: MNU-induced
rats (group III); Lane 4: DMBA-
induced rats treated with AITC
(group IV); Lane 5: MNU-
induced rats treated with AITC
(group V); Lane 6: AITC alone
treated rats (group VI). (II) The
representative graph shows the
relative protein expression of fold
changes in western blot. Values
are given as mean ± SD for
groups of ten rats in each. Values
not sharing a common superscript
differ significantly at p < 0.05
(DMRT)
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II and III cancer-bearing rats. However, there are no signifi-
cant (p < 0.05) changes in the mRNA and protein expression
of p53, PCNA and cyclin D1 in group VI AITC alone treated
rats when compared to group I control rats.

Molecular Docking Study

Figure 8 (A1, A2, B1 and B2) shows the molecular docking
studies of AITC binding with aromatase and cocrystal struc-
ture of aromatase, ER-α and cocrystal structure of ER-α. The
results revealed that AITC exhibit a phenomenal binding in-
teraction with aromatase and cocrystal structure of aromatase,
ER-α and cocrystal structure of ER-α glide energy −18.363,
−48.381, −19.532 and − 63.083 (kcal/mol) respectively. A1

represents AITC form hydrogen bond with Ala 438 and hy-
drophobic interactions with Ile 133, Ala 306, Phe 148, Leu
152 and Met 303 of aromatase. A2 represents AITC form
hydrogen bond with Ala 438 and hydrophobic interactions
with Met 311, Cys 437, Met 446, Ile 442, Gly 439, Phe 148,
Ile 132, Leu 152, Phe 203, Ala 306 and Met 303 of cocrystal
structure of aromatase. B1 represents AITC form hydrogen
bond with Trp 383 and hydrophobic interactions of Met 357,
Leu 387, Leu 354 and Ala 350 of ER-α. B2 represents AITC
form hydrogen bond with Arg 394 and Glu 353 and hydro-
phobic interactions of Leu 354, Leu 391, Leu 349, Leu 387,
Asp 351, Phe 404, Leu 346, Thr 347, Ala 350, Leu 428, Trp
383, Ile 424, Leu 384, Leu 525, Met 421, Met 343, Gly 521
and His 524 of cocrystal structure of ER-α.

Fig. 3 Immunohistochemical
analysis of ER-α status in the
mammary tissues of control and
experimental rats. (I) A photomi-
crographic image shows the im-
munohistochemical analysis of
ER-α. a control rats (group I); b
DMBA-induced rats (group II); c
MNU-induced rats (group III); d
DMBA-induced rats treated with
AITC (group IV); e MNU-
induced rats treated with AITC
(group V); f AITC alone treated
rats (group VI). Arrows indicate
positively stained cells. (II) The
representative graph shows the
relative protein expression of fold
changes in immunohistochemis-
try. Values are given as mean ±
SD for groups of ten rats in each.
Values not sharing a common su-
perscript differ significantly at p
< 0.05 (DMRT). 40×
magnification
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Discussion

Estrogen plays a vital role in promoting cell growth, differen-
tiation and function of the mammary gland [18]. Estrogen
mediates its action through classical pathway via nuclear re-
ceptors ER-α and ER-β. ER-α act as a ligand-activated tran-
scription factor regulate the expression of estrogen responsive
genes. In this study, both DMBA and MNU-induced tumor
bearing rat showing increased level of circulatory estradiol,
decreased level of progesterone and high expression of
ER-α and PR in mammary tumor tissues. Previous studies
were also reported the similar results [19, 20]. However,
AITC administration reduces the level of estradiol, down reg-
ulates the expression of ER-α and PR and improves the level

of progesterone indicates that AITC inhibit the synthesis of
estrogen and expression of its receptors on target organ as
evidenced by the results of RT-PCR, western blotting and
immunohistochemical analysis. Kang et al. [21] reported that
isothiocyanate such as PEITC and BITC suppress ER-α in
MCF7 and T-47D breast cancer cells by inhibiting promoter
activity of estrogen response elements. Molecular docking
study also reveals that the antagonistic effect of AITC with
ER-α. Previous study also reported that phytochemicals bind
to human ER leading to selective estrogen receptor modula-
tion [22]. Prolactin induces cellular proliferation, survival and
motility in mammary glands [23]. In this study, we found that
an increased level of prolactin in tumor bearing rats which is
coincide with the study of Arivazhagan and Sorimuthu Pillai

Fig. 4 Immunohistochemical
analysis of PR status in the
mammary tissues of control and
experimental rats. (I) A photomi-
crographic image shows the im-
munohistochemical analysis of
PR. a control rats (group I); b
DMBA-induced rats (group II); c
MNU-induced rats (group III); d
DMBA-induced rats treated with
AITC (group IV); e MNU-
induced rats treated with AITC
(group V); f AITC alone treated
rats (group VI). Arrows indicate
positively stained cells. (II) The
representative graph shows the
relative protein expression of fold
changes in immunohistochemis-
try. Values are given as mean ±
SD for groups of ten rats in each.
Values not sharing a common su-
perscript differ significantly at
p < 0.05 (DMRT). 40×
magnification
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[9]. However, AITC administration reduce prolactin level sig-
nificantly may be due to anti-estrogenic effect on mammary
epithelium.

Upregulated expression of aromatase was observed in
women breast tumor [24]. Aromatase inhibitors are normally
used for the treatment of estrogen-dependent ER positive
breast cancer [25]. In this study, the expression of aromatase
and the level of testosterone were increased in cancer bearing
rats and AITC administration reduces aromatase expression
and the level of testosterone which indicates its aromatase
inhibition potential. Previous data suggest that melatonin
down-regulates the expression of aromatase through its mod-
ulatory activity of cAMP [24] and tangeretin reduces testos-
terone in cancer bearing rats [9]. In-silico docking study also

reveals that AITC found to be a strong docking ligand to
aromatase. Previous findings provide valuable information
on the binding process of flavonoid compounds to the binding
site of aromatase [26].

Cell proliferation plays a crucial role in initiation, promo-
tion and progression of mammary carcinogenesis. The explo-
ration of natural or dietary compounds that inhibit ab-
normal proliferation in tumor cells has immense value
in chemoprevention of breast cancer [27]. Nucleolar or-
ganizer regions that bind to silver ions through a set of
acidic, non histone proteins are chromosomal loops of
DNA involved in the ribosomal synthesis [28]. Malignant
cells exhibit a larger number of AgNOR patterns indicating
increased cell proliferation [29].

Fig. 5 Pathological analysis of
AgNORs staining in the
mammary tissues of control and
experimental rats. (I) A photomi-
crographic image shows the
pathological analysis of AgNORs
staining. a control rats (group I); b
DMBA-induced rats (group II); c
MNU-induced rats (group III); d
DMBA-induced rats treated with
AITC (group IV); e MNU-
induced rats treated with AITC
(group V); f AITC alone treated
rats (group VI). (II) The repre-
sentative graph shows the histo-
logical scoring of AgNORs dots/
nuclei in pathological analysis.
40× magnification. Arrows indi-
cate AgNORs black dots
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p53, a tumor suppressor protein regarded as a key factor
regulate the balance between cell survival and cell death, via
regulation of both the G1 and G2/M stage of cell cycle [30].

Activated p53 involved number of cellular processes such as
DNA repair, cell cycle arrest, inhibition of cell proliferation
and induction of apoptosis [31]. AITC triggers sub-G1 and

Fig. 6 RT-PCR analysis of p53,
PCNA and cyclin D1 in the
mammary tissues of control and
experimental rats. (I) Shows the
band intensity were quantified by
densitometry and normalized to
GAPDH loading control. Lane 1:
control rats (group I); Lane 2:
DMBA-induced rats (group II);
Lane 3: MNU-induced rats
(group III); Lane 4: DMBA-
induced rats treated with AITC
(group IV); Lane 5: MNU-
induced rats treated with AITC
(group V); Lane 6: AITC alone
treated rats (group VI). (II) The
representative graph shows the
relative mRNA expression of fold
changes in RT-PCR. Values are
given as mean ± SD for groups of
ten rats in each. Values not shar-
ing a common superscript differ
significantly at p < 0.05 (DMRT)

Fig. 7 Western blotting analysis
of p53, PCNA and cyclin D1 in
the mammary tissues of control
and experimental rats. (I) Shows
the band intensity were quantified
by densitometry and normalized
to respective β-actin loading
control. Lane 1: control rats
(group I); Lane 2: DMBA-
induced rats (group II); Lane 3:
MNU-induced rats (group III);
Lane 4: DMBA-induced rats
treated with AITC (group IV);
Lane 5: MNU-induced rats treat-
ed with AITC (group V); Lane 6:
AITC alone treated rats (group
VI). (II) The representative graph
shows the relative protein expres-
sion of fold changes in western
blot. Values are given as mean ±
SD for groups of ten rats in each.
Values not sharing a common su-
perscript differ significantly at
p < 0.05 (DMRT)
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G2/M phase arrest by its regulator proteins CDK1, cyclin B
and cyclin A [32]. In the present study, the expression of p53
was decreased in DMBA and MNU-induced rats [33].
Administration of AITC to carcinogens injected rats signifi-
cantly augmented the expression of p53 [34]. The cellular and
molecular responses in mouse lungs after treatment with

benzyl isothiocyanate-N-acetylcysteine (BITC-NAC) and
phenethyl isothiocyanate-N-acetylcysteine (PEITC-NAC)
are known to be associated with oxidative stress. BITC-
NAC and PEITC-NAC activate p53 activity in mouse lungs
by inducing phosphorylation and subsequently expression of
its effector genes, Bax and p21WAF/CIP1 [35].

Fig. 8 Representation of binding
mode of AITC with aromatase
(A1), cocrystal structure of
aromatase (A2), ER-α (B1) and
cocrystal structure of ER-α (B2)
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PCNA, a 36-kDa nuclear protein essential for replication of
DNAvia DNA polymerase-δ, which acts as a candidate mark-
er for cell proliferation in breast cancer [27]. In this study, an
elevated expression of PCNA in tumors is in proportion with
rate of tumor cell proliferation. Similar results were reported in
DMBA [36] and MNU [37] induced mammary carcinogene-
sis in rats. The down regulation of PCNA expression in AITC
treated rats suggest its anti-cell proliferative mechanismwhich
has been implicated in the observed chemopreventive efficacy
of AITC.

Cyclin D1, a cell cycle-regulatory nuclear protein controls
cell proliferation by allowing cell proceed from G1 to S phase
[38]. Cyclin D1 up regulated expression in tumor tissue of
DMBA [39] and MNU [40] induced mammary tumors are

find in line with the results of present study. Oral administra-
tion of AITC significantly reduce the expression of cyclin D1
which clearly demonstrates the anti-cell proliferative effect of
AITC, which coincide with the study of sulforaphane, a natu-
ral analog of AITC block G1 phase of cell cycle associated
with a down-regulation of cyclin D1 [41].

Conclusion

The mechanism of DMBA andMNU-induced mammary can-
cer are different but both produced same kind of estrogen
dependent adenocarcinoma. The putative chemopreventive
mechanism of AITC is mainly control the regulation of

Fig. 9 Schematic representation
of the possible mechanism of
action of AITC during chemically
inducedmammary carcinogenesis
through anti-estrogenic and anti-
cell proliferative potential
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estrogen synthesis, expression of estrogen receptors and cell
proliferative markers as shown in the schematic diagram
(Fig. 9). Anti-estrogenic and anti-cell proliferative effect of
AITC inhibits neoplastic transformation and progression of
mammary tumor. Molecular docking study also strengthens
the study.
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