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ABSTRACT
The main factors contribute to breast cancer development is the combination of exogenous 
and endogenous factors. Endogenous factors include both SIRT1 and NF-kB. Exogenous 
factor used in this research is 7.12 dimethylbenz(a)anthracene (DMBA). 1,2-epoxy-3[3-
3[3,4-dimetoxy-phenil]-4h-1-benzophiran-4-on] propane (EPI) is a derivative of isoflavone 
generate from clove leaf oil. To examine the effect of EPI on SIRT1 and NF-kB expression 
in DMBA-induced Sprague Dawley (SD) rats, and the correlation between SIRT1 and NF-
kB expressions. Tissue generated form 35 Sprague Dawley female rats aged 2 weeks old 
were used in this study. Those rats were divided into 7 groups (5 rats/group), namely 
normal control group; corn oil group; DMBA group; EPI treated groups with 1 mg/kgBW 
(EPI I), 2 mg/kgBW (EPI II), and 4 mg/kgBW (EPI III), respectively; and doxorubicin 
group. EPI and doxorubicin were administered from 1st until 15th week, while DMBA 
were administered from 3rd until 9th week. The paraffin block was prepared from all 
breast organ of the rats that terminated at the end of week 15th. Examination of SIRT1 
and NF-kB expression was performed using light microscope at 400x magnifications, 
after immunohistochemistry (IHC) staining. Expression level of SIRT1 and NF-kB were 
analyzed using IHC-profiler plug-in in ImageJ software. SIRT1 and NF-kB expression in 
EPI treated groups were not significantly different with the one in Doxorubicin group, but 
lower than DMBA group (p=0.000). There was a positive correlation between SIRT1 and 
NF-kB expression (p=0.001; r=0.773) in EPI-treated group. EPI was able to prevent an 
increasing of SIRT1 and NF-kB expression in SD model breast cancer that induced with 
DMBA. There is a positive correlation between SIRT1 and NF-kB expression in EPI-treated 
SD rats that were induced by DMBA.

ABSTRAK
Faktor utama penyebab kanker payudara adalah kombinasi faktor endogen dan eksogen. 
Faktor endogen antara lain adalah ekspresi SIRT1 dan NF-kB dan Faktor eksogen yang 
digunakan untuk penelitian ini adalah 7.12 dimethylbenz(a)anthracene (DMBA). 1,2-epoxy-
3[3-3[3,4-dimetoxy-phenil]-4h-1-benzophiran-4-on] propane (EPI) merupakan turunan 
isoflavone yang disintesis dari minyak daun cengkeh. Untuk mengkaji pengaruh EPI 
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terhadap SIRT1 dan NF-kB pada tikus Sprague Dawley yang diinduksi dengan DMBA dan 
mengkaji hubungan antara ekspresi SIRT1 dan NF-kB. Penelitian ini menggunakansampel 
blok paraffin yang dihasilkan dari 35 tikus betina Sprague Dawley yang dibagi dalam 7 
kelompok (5 tikus/kelompok), yaitu kontrol tanpa perlakuan, kelompok minyak jagung, 
kelompok DMBA, kelompok perlakuan EPI dosis 1 mg/kgBB (EPI I), 2 mg/kgBB (EPI II), 
dan 4 mg/kgBB (EPI III), serta kelompok doksorubisin. Parafin blok disiapkan dari semua  
jaringan payudara tikus. Pemeriksaan ekspresi SIRT1 dan NF-kB dilakukan menggunakan 
mikroskop cahaya perbesaran 400X setelah pewarnaan imunohostokimia dengan antibody 
anti SIRT1 dan anti NF-kB. Tingkat ekspresi SIRT1 dan NF-kB dinilai menggunakan 
software Image J. Ekspresi SIRT1 and NF-kB pada kelompok EPI tidak berbeda nyata 
dengan kelompok Doxorubicin, tetapi lebih rendah daripada kelompok DMBA (p=0.000). 
Terdapat korelasi positif antara tingkat ekspresi SIRT1 and NF-kB (p=0.001; r=0.773) 
pada kelompok perlakuan EPI. EPI dapat mencegah peningkatan ekspresi SIRT1 and NF-
kB pada model tikus kanker payudara yang diinduksi dengan DMBA. Terdapat korelasi 
positif antara tingkat ekspresi SIRT1 and NF-kB (p=0.001; r=0.773) pada tikus model 
yang diberi EPI. 

Keywords: Isoflavone, SIRT1 expression, NF-kB expression, breast cancer, EPI, DMBA, 
Sprague Dawley rats.

INTRODUCTION

Breast cancer is the most common cancer 
in women. In Indonesia, the incidence of 
breast cancer is 20-30/100.000 per year.1 
According to the data from Ministry of Health 
Republic of Indonesia in 2013, breast cancer 
is the second highest cancer in Indonesia, 
approximately 0.5% of total population of 
Indonesia. The highest prevalence rate is in D.I 
Yogyakarta Province, approximately 2.4%. 
It is estimated that the most of breast cancer 
patients are in East Java (11.511 patients) and 
Central Java (9.688 patients).2  The biggest 
contribution to breast cancer pathogenesis is 
the combination of exogenous and endogenous 
factors. The exogenous factors included diet, 
alcohol and pollution, and the endogenous 
factors included estrogens and progesterone 
exposures; and others.3 In this study we use 
7.12 dimethylbenz (α) anthracene (DMBA) 
for tumor induction as the exogenous factor, 
while SIRT1 (Silent information regulator 
1) and NF-κB (Nuclear factor-kappaB) are 
examined as the endogenous factor.

SIRT1 is a NAD+-dependent histone 
deacetylase, which is involved in multiple 
biologic processes in several organisms.4 
SIRT1 does not only deacetylate histone but 
also some regulator gene such as p53,5 p736 
and Rb.7 It has been reported that SIRT1 
regulates cell proliferation, survival, and 
death, and plays a pivotal role in tumorigenesis 
and longevity.8 NF-κB is a protein that 
regulate nearly every aspect of tumor biology, 
including the promotion of cell survival, 
induction of cell proliferation, the promotion 
of metastasis and stimulation of angiogenesis.9 
NF-κB plays role in inhibiting apoptosis, but 
it can enhances proliferation in several breast 
cancer cells.10

1.2-epoxy-3[3-3[3.4-dimetoxy-phenil]-
4h-1-benzophiran-4-on] propane (EPI) is an 
isoflavone derivatives,  as well as genistein, 
daidzine, and glisetine. It is a synthetic 
compound made of clove leaf oil.11 In vivo 
study showed that EPI inhibits the formation 
and enlargement of nodule, and improve the 
histological structure of breast tumor tissue 
of induced tumor in SD rats. Furthermore, 
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EPI can inhibit angiogenesis and cell 
proliferation.12 However, the study of the 
effect of EPI on SIRT1 and NF-κB expression 
never been reported.  Therefore, this study 
aimed to examine the effect of EPI on SIRT1 
and NF-κB expression in DMBA induced 
Sprague Dawley rats, and to examine the 
correlation of SIRT1 and NF-κB expression in 
DMBA induced Sprague Dawley rats treated 
with EPI.

METHODS

Research Sample
The samples used in this study are 

tissues generated from paraffin blocks taken 
from 35 Sprague Dawley rats that divided 
into 7 groups. The groups are normal group, 
control-solvent groups (corn oil), DMBA 
group (solvent + DMBA), EPI 1 groups (1 
mg/kgBW EPI + DMBA + solvent), EPI II 
group (2 mg/kgBW EPI + DMBA + solvent), 
EPI III group (4 mg/kgBW EPI + DMBA + 
solvent), and doxorubicin group (8 mg/kgBW 
doxorubicin + DMBA + solvent).12 

Immunohistochemistry (IHC) staining of 
SIRT1 and NF-κB

The expression of SIRT 1 and NF-κB p65 
was performed by immunohistochemistry 
(IHC) staining using kit from BIOCARE 
(STUHRP700H, L10). The antibodiy used to 
localized the expression of  SIRT1 was from 
ABCAM (AB110304); and antibody anti-
NF-κB p65 was from Santa Cruzz Bio (SC-
8008). The staining was done according to 
SOP P-013 Laboratory of Histology and Cell 
Biology, Faculty of Medicine, Universitas 
Gadjah Mada. 

Examination of SIRT1 and NF-κB 
expression

SIRT1 and NF-κB were examined using 
light microscope from 5 different perspectives 

with 400x magnifications . The calculation 
of the expression level was performed using 
IHC-profiler plug-in in ImageJ software. 
The principles of the software is color 
deconvolution and analysing the images 
pixel-by-pixel in order to obtain a score 
automatically.13 The result of Image J is the 
scores of expression level, which are negative 
(0), low positive (1), positive (2), and high 
positive (3), and the data showed in mean.

Statistical analysis
The difference of SIRT1 and NF-κB 

expressions among groups were analyzed 
using of one-way ANOVA and post-hoc 
Bonferroni. The correlation between SIRT1 
and NF-κB expressions in EPI-treated groups 
were analyzed by Spearman test.

Ethical issues
This research was approved by ethical 

committee Faculty of Medicine, Universitas 
Gadjah Mada Yogyakarta (Ethical Clearance 
Number KE/FK/481/EC).

RESULT

The effect of EPI in SIRT1 expression 
among different rat groups.

SIRT1 expression could not be found 
in normal group and corn oil group. While, 
the expression can be observed in DMBA 
group, EPI group, and Doxorubicin group. 
The strongest expression of SIRT1 can be 
observed in DMBA group (Figure 1). 

Based on the measurement using Image 
J, the lowest SIRT1 expression was found in 
normal group (0.12±0.035) and the highest 
expression was found in DMBA group 
(0.49±0.062). SIRT1 expression in EPI groups 
were generally lower than the one in DMBA 
group, corresponds to 0.27±0.072 for EPI I, 
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0.19±0.038 for EPI II, and 0.14±0.025 for 
EPI III. The SIRT1 expression in doxorubicin 
group (0.14±0.30) is closely similar to EPI III 
(Table 1).

One-way ANOVA with post hoc 
Bonferroni test indicated that there is no 
significant difference between normal group 
and corn oil group (p=1.000; data considered 
significantly different if p <0.05) (Table 1). It 
was indicated that corn oil as DMBA solvent 
does not affect SIRT1 expression. One-way 
ANOVA test showed that SIRT1 expression 

in DMBA group was significantly different to 
normal group (p=0.000). Meanwhile, SIRT1 
expression in EPI groups (EPI I, II EPI and 
EPI III) were significantly lower the one in 
DMBA group (p=0.000). SIRT1 expression 
in EPI III significantly lower than EPI I (p 
= 0.001). Moreover, SIRT1 expression in 
doxorubicin group was significantly lower 
compared to DMBA group (p = 0.000) and 
EPI I (p = 0.002), but did not significantly 
different from EPI II (p = 1.000) and EPI III 
(p = 1.000).

FIGURE 1.  SIRT1 expression in (A) Normal group; (B) Corn oil group; (C) DMBA group; (D) EPI I group (1 
mg/kgBW EPI); (E) EPI II group (2 mg/kgBW EPI); (F) EPI III group (4 mg/kgBW EPI); and (G) 
Doxorubicin group (8 mg/kgBW Doxorubicin) (400x)
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TABLE 1. Profile SIRT1 expression in each groups

Rat groups SIRT1 expression 
(Mean ± SD) 95% C.I. p

Normal 0.12 ± 0.035a 0.0770-0.1630 0.000*

Corn oil 0.13 ± 0.025a 0.1011-0.1629
DMBA 0.49  n± 0.062b 0.4087-0.5633
EPI 1mg/kgBW 0.27 ± 0.072a c 0.1787-0.3573
EPI 2mg/kgBW 0.19 ± 0.038a d 0.1390-0.2330
EPI 4mg/kgBW 0.14 ± 0.025a 0.1011-0.1629
Doxorubicin 8mg/kgBW 0.14 ± 0.030a 0.1028-0.1772

Distribution of data was tested by the Shapiro-Wilk: p≥0.05. Data showed in mean ± std. deviation.
* One-Way Anova test significant:  p≤0.05. Bonferroni post hoc test with significant results are 
marked with a superscript notation
a-b-c Different superscripts value in the same column indicate significant differences (p<0.05)
d superscript indicates there is no significant difference compare c

The effect of EPI on NF-κB expression among different rat groups.

Figure 2.  NF-κB expression in each groups. (A) Normal group; (B) Corn oil 
group; (C) DMBA group; (D) EPI I group (1 mg/kgBW EPI); (E) 
EPI II group (2 mg/kgBW EPI); (F) EPI III group (4 mg/kgBW 
EPI); and (G) Doxorubicin group (8 mg/kgBW Doxorubicin)
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NF-κB p65 was localized in the cytoplasm 
of breast cancer cells. NF-κB expression could 
not be found in normal group and corn oil 
group. The NF-κB p65 expression was clearly 
observed in DMBA group, EPI group, and 
Doxorubicin group. The strongest expression 
was observed in DMBA group. The lowest 
NF-κB expression was found in normal group 
(0.17±0.044). Based on the measurement 

using Image J software, the highest expression 
level was found in DMBA group (0.53±0.083). 
NF-κB expression level in EPI groups were 
generally lower than DMBA group, which 
were 0.31±0.038 for EPI I, 0.20±0.025 for 
EPI II, and 0.18±0.036 for EPI III. The NF-κB 
expression in doxorubicin group (0.23±0.45) 
is closely similar to EPI II.

Table 2. Profile NF-κB expression in each groups.

Rat groups NF-κB expression (Mean ± SD) 95% C.I. p
Normal 0.17 ± 0.044a 0.1176-0.2264 0.000*
Corn Oil 0.18 ± 0.050a 0.1185-0.2415
DMBA 0.53 ± 0.083b 0.4230-0.6290
EPI 1mg/kgBW 0.31 ± 0.038a c 0.2670-0.3610
EPI 2mg/kgBW 0.20 ± 0.025a 0.1748-0.2372
EPI 4mg/kgBW 0.18 ± 0.036a 0.1296-0.2184
Doxorubicin 8mg/kgBW 0.23 ± 0.045a 0.1655-0.2785

Distribution of data was tested by the Shapiro-Wilk: p≥0.05. Data showed in mean ± std. deviation.
* One-Way Anova significant:  p≤0.05. Bonferroni post hoc test with significant results are marked with a 
superscript notation
a-b-c Different superscripts value in the same column indicate significant differences (p<0.05)
d superscript indicates there is no significant difference compare c superscript

One-Way ANOVA with post hoc 
Bonferroni test indicated that there is no 
significant difference between normal group 
and corn oil group (p=1.000; data considered 
significantly different if p <0.05) (Table 2). It 
is assumed that corn oil as a DMBA solvent 
does not affect NF-κB expression. One-Way 
ANOVA test showed that NF-κB expression 
in normal group (p=0.000) and EPI groups 
(EPI I, II EPI and EPI III) (p=0.000) were 
significantly lower than DMBA group NF-

κB expression among those three EPI groups 
showed that there was significant difference 
between EPI I and EPI II group (p = 0.033); EPI 
II and EPI III (p = 0.002). However, there is no 
significant difference between EPI II an EPI 
III (p = 1.000). Moreover, NF-κB expression 
in doxorubicin group was significantly lower 
compared to DMBA group (p = 0.000) but 
does not have significant difference with EPI 
groups (p=0.123 for EPI I; p = 1.000 for EPI 
II and EPI III).
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Correlation between SIRT1 and NF-κB 
expression in EPI-treated groups of DMBA-
induced in Sprague Dawley rats

Figure 3.  Scatter plot of SIRT1 and NF-κB expres-
sion after EPI treatment

In order to examine the correlation between 
SIRT1 and NF-κB expression in EPI-treated 
groups, linearity checking by using a scatter 
graph showed that. the data has an abnormal 
distribution, but there is linear relationship 
among the variables (r2= 0.575) (FIGURE 
3). Therefore, correlation between SIRT1 and 
NF-κB expression in EPI-treated group was 
analyzed using Spearman correlation test.

Table 3.  Spearman correlation test results between 
SIRT1 and NF-κB expression.

 NF-κB expression
SIRT1 expression r = 0.792

p = 0.001
n = 15

The Spearman correlation test found 
that there is a significant correlation between 
SIRT1 and NF-κB expression in EPI-treated 
groups (p-value = 0.001). The Spearman test 
also obtained R-value= 0.792 which indicated 

that there is a strong positive correlation 
between SIRT1 and NF-κB expression (Table 
3).

DISCUSSION

Breast cancer is the most commonly 
diagnosed cancer in women around the world 
and statistically estimated at 29% (232,670) 
of all new cancer cases in women.14 Generally, 
breast cancer caused by a gene mutation, 
polymorphism, chemicals or carcinogenetic 
agent exposure, and several other factors. 
But, the biggest contribution to breast cancer 
pathogenesis is combination of exogenous 
factors such as diet, alcohol and pollution, as 
well as endogenous factors such as estrogens 
and progesterone exposures.3

Two proteins that expected to have a role 
in the pathogenesis of breast cancer are SIRT1 
(Silent Information Regulator 1) and NF-κB 
(Nuclear Factor-kappaB), and they will be 
examined as endogenous factors. Exogenous 
factor used in this study is dimethylBenz 
7.12 (α)anthracene (DMBA), a polycyclic 
aromatic hydrocarbons (PaH) that often used 
to induce cancer in experimental animals. 
The interaction between DMBA and Aryl 
hydrocarbon receptor (AhR) on the surface of 
the cells will promote the tumorigenesis. This 
interaction will activate cytochrome p450 
enzyme, in this case CYP1A1 and CYP1B1, 
which result in the oxidation of DMBA by 
CYP1A1 and CYP1B1 into 7.12-DMBA-3.4-
oxide. Furthermore, it will be converted into 
7.12-DMBA-3.4-diol by epoxide hydrolase 
enzyme. Once DMBA converted into the diol 
form, it will be further oxidized by CYP1A1 
and CYP1B1 into 7.12-DMBA-3.4-oxide-
diol-1.2-epoxide, which is a very potent 
carcinogenic.15
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The effect of EPI on SIRT1 expression 
among different rat groups.

SIRT1 expression in normal SD rats 
(0.12 ± 0.035) is significantly lower than the 
expression in DMBA group (0.49 ± 0.062) 
(p= 0.000). This is caused by activation of 
AhR by DMBA, which will interact with 
unliganded ERα and the entire AhR/ERα.16 
ERα has direct interaction with SIRT1, 
and catalytically activate SIRT1.17 This is 
consistent with tumorigenesis process, that 
proved with nodules formation in DMBA-
induced Sprague Dawley.12,18 Similar results 
were obtained by Padauleng et al.,18 which 
discovered that SIRT1 expression on DMBA-
induced rat was higher than the un-induced 
ones. Furthermore, Padauleng et al.,18 found 
that SIRT1 expression was observed in poor 
histological grade carcinoma SD rats and 
there was a positive correlation between size 
of the nodules and PCNA proliferation marker 
with SIRT1 expression. This phenomenon 
proves the connection between SIRT1 with 
the development of breast cancer.18

SIRT1 mechanism in breast cancer 
development associated to the ability to 
deacetylate some molecules including tumor 
suppressor gene p53,5 p73,6 and HIC1.19 In 
addition to the capability in deacetylating 
tumor suppressor molecules, SIRT1 also 
able to regulate aromatase cytochrome 
p450 enzyme, including CYP19A1 group. 
CYP19A1 is an enzyme that contributes to 
increase estradiol concentrations. Estradiol is 
one of the main factors in the development of 
estrogen-dependent tumors.20 

In this study, EPI treated groups have 
significantly lower SIRT1 expression compar-
ed to DMBA rat group (p <0.001). The 
EPI was administered prior to the DMBA 
inducement, which is indicated that EPI can 

prevent the increasing of SIRT1 expression. 
The results were similar to the one done by 
Kikuno et al.,21 who found that decreasing 
SIRT1 expression in the cytoplasm of cell that 
treated by genistein. Kikuno et al.,21 reported 
that an epigenetic pathway of genistein 
able to activate tumor suppressor gene by 
modulating either histone H3-Lysine 9 (H3-
K9) methylation or deacetylation at gene 
promoters.21

Interestingly, Rasbach et al.,22 reported 
that several isoflavone derivatives have 
contradictive effect on recombinant SIRT1 
activity. Daidzein, formononetin, DCHC, 
and 7-C activate SIRT1 at low concentrations 
(5-10 µM), and they further increase SIRT1 
activity at 100 µM. In contrast, no SIRT1 
activation was observed when treated by 
genistein, biochanin A, 7, 4’-D, or 5, 7, 4, 
-T. They explained that although the binding 
of the substituted isoflavone to SIRT1 has 
not been examined, but the presence of the 
5-hydroxyl group in genistein and biochanin 
A can block the ability of these compounds 
to activate SIRT1, whereas the absence 
of the 5-hydroxyl group in daidzein and 
formononetin promotes SIRT1 deacetylation 
activity. Hereafter, substitution of a methoxy 
group for a hydroxyl group at the 7-position, 
as seen in 7, 4’D and 5, 7, 5’-T, blocked SIRT1 
activation. It suggests that a free hydroxyl 
group is necessary at the 7-position to promote 
SIRT1 deacetylase activity.22

The effect of EPI on NF-κB expression level 
among different rat groups.

NF-κB expression level in normal SD 
rats (0.17 ± 0.044) is significantly lower than 
DMBA group (0.53 ± 0.083) (p = 0.000). In 
addition, DMBA-induced rats had positive 
breast carcinoma, characterized by the 
formation of nodules.12,18 It proves that NF-
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κB expression is high in SD rats with breast 
tumors. These results are consistent with study 
conducted by Rahman et al.,23 who reported 
that presentation of NF-κB expression in 
DMBA-induced rats is higher than control 
group rat (corn oil-only). Furthermore, 
Rahman et al.,23 found that increasing of 
NF-κB expression can be due to a mutation 
in the transcription factor NF-κB itself or 
in genes that regulate the activity of NF-
κB such as IκB gene.23 Currier et al.,24 also 
reported that DMBA-induced tumor showed 
increased concentrations of transactivation 
complex of p50/p65, p50/c-Rel, p52/RelB. 
The transactivation complex acts as NF-κB 
transcription factor. Furthermore, increasing 
of transactivation complex will increase NF-
κB expression. Once NF-κB overexpression 
occurs, it will lead cell proliferation that cause 
tumorigenesis.24

NF-κB is able to regulate almost all 
aspects of tumor biology. NF-κB can act as a 
promoter, as well as the capability to induce 
cell proliferation, promotion of metastasis and 
stimulate angiogenesis. In breast cancer, many 
studies have demonstrated the role of NF-κB 
in epithelial transition towards mesenchymal, 
which cause the tumor cell gained their 
motility and become invasive cancer cells.25 
Therefore, inhibition of NF-κB can cause the 
death of tumor cells, and it prevents the tumor 
cells to proliferate and increases treatment 
responses.26

In this study, EPI administration was done 
prior to DMBA induction. EPI treated group 
have significantly lower NF-κB expression (p 
<0.001) compared to the one in DMBA group. 
It indicated that the administration of EPI 
before DMBA inducement can prevent the 
increasing of NF-κB expression. Similar result 
has obtained by Davis et al.,27 who found that 
genistein decreases NF-κB DNA binding and 
abrogates NF-κB activation, which mediated 

by DNA-damaging agents, H2O2 and tumor 
necrosis factor-α (TNF- α).27 The ability 
of isoflavone in inhibiting the activation of 
NF-κB is also observed in other cancer cell 
types. In T-cell lymphoma, genistein reduces 
the activity of NF-κB by cleavage IκBα that 
mediated by caspase-3.28 In cystic human 
fibrosis bronchial glands case, genistein may 
regulate IκBα that can inhibit the activation 
of NF-κB and reduce the production of IL-8.29

EPI has similar structure with 17β-estradiol 
(estrogen, E2), which is suspected having 
a role in decreasing NF-κB expression. The 
similarity of EPI and 17β-estradiol makes 
the compound has the ability to bind to 
estrogen receptors (α and β).30 Generally, it is 
assumed that ERα mediates estrogen induced 
proliferation and ERβ may inhibit cellular 
proliferation by antagonizing the actions of 
ERα.31 Furthermore, genistein has a higher 
affinity to ERβ compared to ERα.32 Xing et 
al.,33 found that ERβ inhibit the binding of 
p65 to NF-κB promoter, thus, it causes the 
reducing the NF-κB expression. Since the 
structure of EPI similar to 17β-estradiol, EPI 
can bind to ERβ and activates ERβ to inhibit 
p65 binding to the promoter. As a result, NF-
κB transcription also reduces. However, this 
assumption is still a hypothesis, because the 
activity of estrogen receptor (both ERα and 
ERβ) was not examined in this study.

Correlation between SIRT1 and NF-κB 
expression in EPI-treated groups of DMBA-
induced in Sprague Dawley rats

In this study, EPI can prevent the increasing 
of SIRT1 and NF-κB expression in DMBA-
induced SD rat. The statistical analysis found 
that there is a positive correlation between 
SIRT1 and NF-κB expression in EPI-treated 
group. The ability of EPI to prevent the 
increasing of SIRT1 and NF-κB expression 
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probably related to the ability of isoflavone 
derivate in regulating the expression of 
cytochrome p450 especially CYP1A1 and 
CYP1B1. The regulation of isoflavone derivate 
to the CYP1A1 and CYP1B1 was found by 
Shertzer et al.,34 and Robert et al.35 Shertzer et 
al.,34 They found that isoflavone derivate such 
as genistein, daidzein, and aglukon form can 
inhibit CYP1A1 and benzo[α]pyrene (BaP) to 
bind DNA strand. Robert et al.,35 found that 
metabolites of daidzein and genistein can 
inhibit CYP1B1 which will further hamper 
cell proliferation. Moreover, biochanin A 
and formononetin have anti-carcinogenic 
effects due to the ability to compete with the 
substrate of CYP1B1.35 In consequence, the 
inhibition CYP1A1 and CYP1B1 enzyme will 
prevent the formation of carcinogenic agent of 
DMBA.

CONCLUSION

1,2-epoxy-3 [3- (3,4-dimetoksifenil) 
-4H-1-benzoiran-4-on) propane (EPI) at 1 
mg/kgBW, 2 mg/kgBW and 4 mg/kgBW 
can prevent the increasing of SIRT1 and NF-
κB expression in DMBA-induced Sprague 
Dawley rat model of breast cancer. There is a 
significant positive correlation between SIRT1 
and NF-κB expression in EPI-treated group of 
DMBA-induced Sprague Dawley rat.
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