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Abstract

Background: Berberine represents a promising supplement with several health benefits. Thus, this study aimed to investigate the
efficacy of berberine in reducing mammary carcinoma induced by 7,12-dimethylbenz[a]anthracene (DMBA) in female mice. Materials
and Methods: A total of 40 virgin female mice were segregated into four groups: an untreated control group, a group treated with a daily
oral dose of berberine (BBR) extract (25 mg/kg), a group injected with a single dose of 50 mg/kg DMBA in the breast fat pad, and a group
treated with DMBA, similar to the third group. After 1 week of injections, the animals were treated with BBR extract, as in the second
group. Results: Animals treated with DMBA for mammary carcinoma induction showed increases in liver enzymes (ALT, AST, and
ALP), kidney biomarkers (BUN, UA, and CRT), and an oxidative stress marker (MDA). Meanwhile, DMBA also promoted a decrease
in the antioxidant marker (GSH) and a minor elevation in estrogen levels. Conversely, the progesterone levels increased significantly,
along with those of proinflammatory cytokines (interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-«)). The histopathological
analysis revealed carcinoma cells in the breast tissue, with a marked desmoplastic response. Meanwhile, the uterus showed hyperplasia
and dysplasia of endometrial epithelia. The immunohistochemical analysis for Ki-67 expression revealed an intense immunoreaction
associated with carcinoma proliferation in the breast. In contrast, the treatment with BBR extraction one week after the induction of
mammary carcinoma by DMBA resulted in a significant decrease in liver enzymes and kidney biomarkers, as well as a reduced MDA
level and a higher GSH level due to oxidative stress reduction, along with a variance in female hormone levels and a decrease in cytokines.
Furthermore, the histopathological analysis showed a decline in the occurrence of carcinoma and desmoplastic response in the breast,
as well as less hyperplasia and dysplasia of endometrial epithelia, and a lower incidence of Ki-67 expression in the breast. Conclusion:
This study observed that berberine extract possessed a potent effect in reducing the mammary carcinoma induced by DMBA in female
mice.
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1. Introduction intake, smoking, and exposure to chemicals [4]. Clini-
cal subtypes of breast cancer include progesterone recep-
tor (PR)+, estrogen receptor (ER)+, HER2+, and triple-
negative breast cancer (TNBC), which contribute to further
complicating the diagnosis of mammary cancer [5]. Nu-
merous histological patterns of mammary carcinoma have
been observed; the most common was invasive ductal carci-
noma; meanwhile, other patterns included lobular and crib-

riform [6].

Mammary carcinoma is the most prevalent diagnosed
carcinoma in women. Consequently, animal models of
mammary adenocarcinoma have been developed as valu-
able tools for mammary cancer research to identify mecha-
nisms of carcinoma development and associated treatment
models [1]. Moreover, 7,12-dimethylbenz[a]anthracene
(DMBA), a carcinogenic chemical composed of an aro-
matic cyclic hydrocarbon, is widely used to investigate

mammary adenocarcinoma in animal models and has been
shown to induce mammary carcinoma in rodent models
[2]. Notably, DMBA activates the aryl hydrocarbon re-
ceptor, which represents the initial step in gene transcrip-
tion, including cytochrome enzymes that play an essential
role in DMBA metabolism [3]. Meanwhile, the risk fac-
tors associated with breast cancer may be non-modifiable,
such as age, genetic mutations, family history, pregnancy,
and breastfeeding, unlike modifiable factors, which include
hormonal replacement therapy, physical activity, alcohol

A natural benzylisoquinoline alkaloid, berberine
(BBR), which is mainly present in medicinal plants within
the Ranunculaceae, Berberidaceae, and Rutaceae families,
may also exist in the stem bark, rhizomes, and even roots
of plants [7]. Berberine contains several natural bioactive
agents, such as hydrochloride salt, which is used as an oral
antibacterial agent [8]. Recently, these extracted herbal
medicines, including berberine, were found to possess sig-
nificant potential for treating vascular diseases [9]. Berber-
ine is a yellowish powder with a melting point of up to 140
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°C; berberine is soluble in warm water but insoluble in or-
ganic solvents [10]. Moreover, BBR has been postulated
to promote a protective impact against liver injury induced
by doxorubicin or tetrachloride [11]. Several investigations
also showed that BBR increased the activity of antioxidant
enzymes, such as catalase (CAT) and superoxide dismutase
(SOD), but decreased the activity of oxidative stress mark-
ers, including nitric oxide (NO) levels and malondialdehyde
(MDA) [12].

Therefore, this study aimed to determine the effect of
BBR extract on the control of mammary adenocarcinoma
induced by DMBA in female Albino mice.

2. Materials and Methods
2.1 Animals

Female Albino mice were supplied from the animal
house of the central lab of King Saud University, Saudi
Arabia. Animals weighed approximately 30 g and were
about 14 to 15 weeks old. The mice were kept in clean
plastic cages, at room temperature, and subjected toa 12 h
day/night cycle. The mice were fed on commercial rodent
pellets and had access to clean water.

2.2 Experimental Design and Samples Collection

Animals were randomly segregated into four groups
with 10 mice per group: the first group was the untreated
control, the second group was treated with a daily oral
dose of BBR extract (25 mg/kg) (Paradise Company, Dania
Beach, FL, USA) [13], the third group was injected with a
single dose of 50 mg/kg DMBA in the breast fat pad, the
fourth group was treated with DMBA similar to the third
group; a week after the injection, the animals were treated
with BBR extract, as in the second group. The experiment
lasted for 28 days after the BBR extract treatment. Finally,
the animals were euthanized by CO5, flow with a flow rate of
(2-3 L/min), the anesthesia model was performed by plac-
ing the animal in a small chamber (40 x 30 cm) specifically
made for mice, and then the animal was subjected to CO-
flow for 5 min. Blood samples were obtained from the heart
and placed in centrifuge tubes, which were then centrifuged
at 3000 x g for 30 min. Sera were gathered and stored at
—20 °C till assay. Breast and uterus pieces were preserved
in 10% formalin.

2.3 Biochemical Analysis
2.3.1 Determination of Liver Enzyme Activity

Liver enzymes (ALT (Cat. No. 292 006 (100 T)), AST
(Cat. No. 260 001, 260 002), and ALP (Catalog No. 216
001)) were determined in serum using spectrophotometer
kits (Spectrum, Madrid, Spain).

2.3.2 Determination of Kidney Biomarkers

Kidney biomarkers (BUN (Cat. No. 321 001), UA
(Cat. No. 323 000), and CRT (Cat. No.331001)) in the
serum were evaluated using commercial kits (Spectrum,
Madrid, Spain).

2.3.3 Determination of Oxidative Stress

Malondialdehyde (MDA, Cat. No.: E-BC-K025-M)
and glutathione reductase (GSH, Cat. No.: E-BC-K030-S)
in the serum were determined using d and spectrophotom-
etry (Elabscience®, Wuhan, China).

2.3.4 Estimation of Female Hormones

Serum estrogen (Cat. No. E-EL-0152) and proges-
terone (Cat. No.E-EL-0154) levels were measured by
enzyme-linked immunosorbent assay (ELISA) using com-
mercial kits (Elabscience®, Wuhan, China) according to
the manufacturer’s protocol.

2.3.5 Evaluation of Inflammatory Cytokines

Serum interleukin-6 (IL-6) (Cat. No.: E-EL-M0044)
and tumor necrosis factor-alpha (TNF-«) (Cat. No.: E-EL-
M0049) levels were evaluated using ELISA (Elabscience®,
Wuhan, China).

2.3.6 Histopathological Analysis

Breast and uterus samples were collected and fixed in
10% formalin. Then, the samples were dehydrated in as-
cending grades of alcohol. The samples were embedded
in paraffin wax, then sectioned at 6 um and dried. Some
sections were stained using hematoxylin and eosin, and
others were stained in Masson’s trichrome. The sections
were then imaged using light microscopy (Nikon, Tokyo,
Japan). The sections were graded according to the Notting-
ham histopathological score [ 14] as follows: grade 0, scores
1-2; grade I, scores 3-5; grade II, scores >5.

2.4 Immunohistochemistry

Detection of Ki-67 expression in breast tissue us-
ing the Avidin biotin complex method (ABC). The sec-
tions were deparaffinized and rehydrated, then unmasked
in a citrate buffer in a microwave for 5 min, washed with
phosphate-buffered saline (PBS) buffer 3 times, incubated
with a hydrogen peroxide blocking solution, and then a pro-
tein block was applied after washing. The samples were
incubated with a primary antibody at -4 °C in the dark
overnight. Simply, the sections were washed and incubated
with a secondary antibody for 1.5 hours, then washed and
incubated with the avidin—biotin complex for 1 hour. After
washing, the sections were incubated with DAB for 30 min,
then dehydrated and mounted. The sections were imaged
using light microscopy (Nikon, H550S, Tokyo, Japan).

2.5 Analysis of Images

The presented study used five images per sample
(fields were imaged at 400x magnification). Images of
the sections stained with Masson trichrome and the ABC
method for Ki-67 expression were analyzed using ImageJ
(1.53, National Institutes of Health, Bethesda, MD, USA)
and Fiji (v2.14.0, University of Wisconsin—-Madison, Madi-
son, WI, USA) to measure percentages and optical densi-
ties.
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Fig. 1. The effect of BBR extract on liver enzymes activities. Bar graph of the liver enzyme activities: (A) ALT activity, (B) AST

activity, (C) ALP activity. DMBA promoted a significant increase in the liver enzymes, which decreased with BBR extract treatment.

Bars represent the mean; p < 0.05 was considered significant; a, significant difference compared to the control; b, significant com-
pared to the DMBA group. DMBA, 7,12-dimethylbenz[a]anthracene; BBR, berberine; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; ALP, alkaline phosphatase.

2.6 Statistical Analysis

Data are expressed as the mean + standard error of
the mean (SEM) and were statistically analyzed using ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA), known as n =
7, as well as the analysis of variance (ANOVA) one-way
test; significance was noted as a value of p < 0.05; if the
ANOVA denoted a significant effect, multiple comparisons
were performed using Tukey’s post hoc test to identify pair-
wise differences between groups.

3. Results

3.1 BBR Extract Treatment Lowered Liver Enzymes That
Were Raised After Induction of Breast Tumor by DMBA

A single dose of 50 mg/kg DMBA significantly in-
creased liver enzyme levels (ALT, AST, and ALP) com-
pared with the control group (Fig. 1). Meanwhile, treatment
with BBR after DMBA resulted in a significant decrease in
liver enzyme levels compared to the DMBA group.

3.2 BBR Extract Treatment Lowered Kidney Biomarkers
After Induction of Breast Tumor by DMBA

The investigation of kidney biomarkers showed a sig-
nificant elevation in BUN and UA levels in the DMBA-
treated group. Meanwhile, animals treated with BBR ex-
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tract after DMBA presented a significant decline in BUN
and UA levels compared to the DMBA group. The CRT
levels did not change across experimental groups during the
experiment (Fig. 2).

3.3 BBR Extract Decreased the Oxidative Stress and
Increased the Antioxidant Biomarkers After the Induction
of Breast Tumor by DMBA

DMBA markedly increased MDA levels, a lipid per-
oxide end product, indicating elevated oxidative stress.
Moreover, the GSH levels were significantly decreased
within the same group, indicating reduced antioxidant ac-
tivity. However, treatment with BBR extract after DMBA-
induced breast cancer significantly reduced MDA levels
and increased GSH levels, indicating the ability of BBR
extract to reduce oxidative stress and enhance antioxidant

capacity (Fig. 3).

3.4 Modulation of Female Hormones by BBR Extract After
Induction of Breast Tumor by DMBA

The estimate of the estrogen hormone levels showed
minor changes across the experimental groups (Fig. 4).
Moreover, progesterone levels were significantly higher in
the tumor group (animals treated with DMBA) than in the
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Fig. 2. Effect of BBR extract on kidney biomarkers. Bar graph of the kidney biomarkers. (A) BUN Blood Urea Nitrogen level, (B)
UA Uric Acid level, (C) CRT creatinine level, DMBA showed significant increases in kidney biomarkers, with decreases following BBR
treatment. Bars represent the mean; p < 0.05 was considered significant; a, significant difference compared to the control; b, significant

compared to the DMBA group. BUN, blood urea nitrogen; UA, uric acid; CRT, creatinine.
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Fig. 3. Effect of BBR extract on oxidative stress. Bar graph of the oxidative stress biomarkers, (A) MDA level, (B) GSH level. DMBA
promoted a significant increase in MDA level and a decrease in GSH level. The BBR extract significantly decreased MDA levels and

increased GSH levels. Bars represent the mean; p < 0.05 was considered significant; a, significant difference compared to the control;

b, significant compared to the DMBA group.

control group. In contrast, the groups treated with the BBR
extract after tumor induction showed a significant decrease
compared to the tumor group.

3.5 Proinflammatory Cytokines were Lowered by BBR
Extract After Induction of Breast Tumor by DMBA

The estimated cytokine levels (IL-6 and TNF-«)
were significantly higher in the tumor group (DMBA-
treated) than in the control group. Meanwhile, the animals

treated with BBR extract after tumor induction with DMBA
showed a significant decline in cytokine levels compared to
the tumor group (Fig. 5).

3.6 Histopathological Analysis

The control breast images contained no view of the
mammary glands in the adipose tissue (Fig. 6A); the breast
images of the animals treated with BBR extract revealed
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Fig. 4. Effect of BBR extract on female hormones. Bar graph of the hormone estimation. (A) Non-significant changes in estrogen

hormone levels are observed across groups; (B) a significant increase in progesterone in the tumor group, and a significant decrease in the

tumor group treated with BBR extract. Bars represent the mean; p < 0.05 was considered significant; a, significant difference compared

to the control; b, significant compared to the DMBA group.
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Fig. 5. Effect of BBR extract on cytokines. Bar graph of the cytokine determination. A significant rise in IL-6 and TNF-« is observed
in the tumor group (treated with DMBA) and a significant decrease in the tumor group treated with BBR extract, (A) IL-6, (B) TNF-a.

Bars represent the mean; p < 0.05 is considered significant; a, significant difference compared to the control; b, significant compared to

the DMBA group.

no pathological changes, as in the control (Fig. 6B). Mean-
while, the breast images of the animals treated with DMBA
demonstrated an induction of a mammary carcinoma mani-
fested by hyperplasia of epithelial cells, as carcinoma cells
formed along with desmoplastic stroma (Fig. 6C), which
registered grade Il and scored 7 (Table 1). Additionally, the
breast images of the animals treated with BBR extract af-
ter induction of breast tumor by DMBA, showed a reduced
presence of mammary carcinoma (Fig. 6D), which regis-
tered grade I and scored 5 (Table 1).

Table 1. Nottingham histopathological score on mammary

adenocarcinoma in an animal model.

Groups Grades  Score
C 0 0
BBR 0 0
DMBA I 7
DMBA + BBR I 5
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Breast tissue stained by Masson trichrome showed no
desmoplastic reactions in the control, as did the breast tis-
sue of animals treated with BBR extract (Fig. 7A,B). Con-
versely, the breast tissues of animals treated with DMBA
displayed an intense presence of desmoplastic stroma as
a response to the mammary carcinoma induced (Fig. 7C),
with a high percentage and optical density of stain (Fig. 8).
Moreover, the breast tissues of animals treated with BBR
extract after mammary carcinoma induction revealed a re-
duced desmoplastic response (Fig. 7D), with a lower per-
centage and optical density of staining (Fig. 8).

The uterus of control animals showed a normal
structure (Fig. 9A). Additionally, the uterus of animals
treated with BBR extract showed no pathological alter-
ations (Fig. 9B). However, the uterus of animals treated
with DMBA revealed hyperplasia and dysplasia of epithe-
lia, referring to early tumor formation (Fig. 9C). Further-
more, the uterus of animals treated with BBR extract after
DMBA showed less hyperplasia and dysplasia of endome-
trial epithelia (Fig. 9D).
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Fig. 6. Effect of BBR extract on breast cancer. Photomicrograph of breast tissues. (A) Control breast tissue and (B) breast tissue

of an animal treated with BBR extract revealed no pathological changes. (C) Breast tissue from animals treated with DMBA showed

carcinoma cells and a desmoplastic reaction (D). Breast tissue from animals treated with BBR extract after tumor induction showed fewer

carcinoma cells and a reduced desmoplastic reaction. (H&E, 400x%, scale bar = 25 pum). MGs, mammary glands; AT, adipose tissue;

carcinoma cells (black arrow); D (desmoplastic reaction).

3.7 Immunohistochemical Analysis of Ki-67 Expression in
Breast

Control and breast of animals treated with BBR ex-
tract showed a negative response of Ki-67 expression
(Fig. 10A,B). However, the breast of animals treated with
DMBA displayed an intense immune response (Fig. 10C),
which is considered evidence of more proliferation of car-
cinoma cells, with a high percentage and optical density
of expression stain (Fig. 11). However, the breast tissues
of animals treated with BBR extract after mammary car-
cinoma induction by DMBA revealed a reduced immune
response (Fig. 10D), referring to decreased activity of car-
cinoma cells in proliferation, with a lower percentage and
optical density of Ki-67 expression (Fig. 11).

4. Discussion

This study aimed to investigate the efficacy of berber-
ine in reducing mammary carcinoma in female mice in-
duced by DMBA. Mammary carcinoma can be induced in
different rat and mouse strains after a single dose of car-
cinogens, such as DMBA, or other agents, including nitro-

somethylurea (NMU). The induced tumors were found to be
invasive to the breast fat pad. The induced tumor was highly
hormone-dependent and, therefore, is widely used as an an-
imal model of estrogen and progesterone-dependent breast
cancers [2]. The present study revealed that a single dose
of DMBA (50 mg/kg) promotes the onset of mammary car-
cinoma. Prior studies have suggested that DMBA mediates
carcinogenesis through DNA destruction and the deregula-
tion of critical genes involved in cell proliferation and sur-
vival [15]. DMBA has also been reported to activate the
aryl hydrocarbon receptor (AhR), a factor that might reg-
ulate certain genes and contribute to cellular metabolism
[16]. AhR-dependent could upregulate cytochrome P450
enzymes that metabolize DMBA into a mutagenic interme-
diate that induces DNA destruction and initiates tumorige-
nesis [17].

This work revealed that injecting DMBA causes a sig-
nificant elevation in liver enzyme levels. A previous study
reported that administering DMBA significantly increased
ALT, AST, and GGT levels due to hepatocyte damage
caused by DMBA, which destroyed hepatocyte DNA and
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Fig. 7. Effect of BBR extract on desmoplastoc reactions of breast cancer. Photomicrograph of breast tissue stained with Masson

trichrome. (A) Control breast tissue and (B) breast tissue of animals treated with BBR extract revealed no desmoplastic reactions. (C)
Breast tissue of animals treated with DMBA displayed (D) intense desmoplastic reaction. (D) Breast tissue from animals treated with
BBR extract after tumor induction showed less desmoplastic stroma (red arrow). (Masson trichrome, 400, scale bar =25 um).
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Fig. 8. Morphometrics of Masson trichrome stain. Bar chart of Masson trichrome stain metrics showing significant increase of
distribution percentage and optical density of Masson trichrome stain. (A) Percentage, (B) optical density. a, significant compared to

control; b, significant compared to DMBA group.

led to the release of enzymes into the bloodstream, thereby ~ associated with non-alcoholic fatty liver disease, as BBR
elevating enzymatic activities [18]. Moreover, the present ~ might inhibit hepatocyte damage [19].

findings show that BBR extract treatment after the induc-
tion of breast tumor by DMBA caused a significant de-
crease in liver enzymes. Previous observations have shown

A polycyclic aromatic hydrocarbon causes several
toxic effects; one of the most severe was nephrotoxicity,
) as kidneys exposed to this potent carcinogen showed a sig-
that BBR extract could reduce these elevated liver enzymes — ie o i0 oo o i BUN and CRT [20]. The present results
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Fig. 9. Effect of BBR extract on hyperplasia of uterus. Photomicrographs of the uterus. (A) Control uterus, (arrow) epithelia, (G)

uterine gland, (S) stroma. (B) The uterus of animals treated with BBR extract showed no pathological changes, stroma (S), uterine

gland (G). Black arrow indicates epithelia. (C) The uteri of animals treated with DMBA showed marked hyperplasia and dysplasia of the

endometrial epithelium (black arrows). (D) The uteri of animals treated with BBR extract after DMBA treatment showed less hyperplasia
of endometrial epithelium (black arrow). (H&E, 400 %, scale bar = 25 pm).

also confirmed that injecting a single dose of DMBA into
the breast fat pad to induce mammary carcinoma led to a
marked increase in kidney biomarkers, especially BUN and
UC. Additionally, the present results showed that adminis-
tering BBR extract significantly reduced kidney biomark-
ers elevated by DMBA injection. Another study reported
that BBR extract reduced kidney impairment and sup-
pressed podocyte dysfunction, as evidenced by reduced kid-
ney biochemical markers in diabetic animals, via targeting
the phosphatidylinositol 3-kinase—protein kinase B path-
way [21].

During DMBA-induced breast carcinogenesis, reac-
tive oxygen species (ROS) and DMBA-DNA adducts are
produced [2]. DMBA, then bound to cellular membranes,
initiated peroxidation of polyunsaturated fatty acids, and
statistically increased oxidative stress by raising MDA lev-
els and decreasing antioxidant biomarkers such as CAT,
SOD, and GSH [22]. Accordingly, this work showed
that DMBA injection elevated MDA levels and reduced
GSH levels, indicating intense oxidative stress. This
work also showed that treatment with BBR extract after

DMBA-induced carcinogenesis significantly reduced ox-
idative stress and enhanced antioxidant capacity. Further-
more, previous observations reported that MDA levels de-
clined and glutathione (GSH) levels increased when BBR
extract was co-administered with a high-fat diet; therefore,
BBR could attenuate oxidative stress by activating antiox-
idative pathways [23].

The presented study revealed that DMBA used as a
mammary carcinoma inducer resulted in the increase of
female hormones estrogen and progesterone, which indi-
cated that the tumor induced by DMBA was hormone-
dependent. It was observed in a prior study that, in virgin
female Sprague-Dawley rats, the immune expression of the
prognostic factors estrogen receptor a (ERa) and proges-
terone receptor (PR) after DMBA-induced mammary car-
cinoma was higher for ERa and PR [24]. Another study
reported that a single injection of DMBA into the breast
fat pad significantly increased female hormones [25]. The
current observations revealed that BBR extract treatment
after induction of breast cancer by DMBA decreased the
female hormones, especially progesterone, which may be
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Fig. 10. Effect of BBR extract on proliferation of tumor cells by Ki-67 detection. Photomicrographs of mouse breast tissue stained

immunohistochemically for Ki-67 expression. (A) The control showed a negative response. (B) Breast tissue of animals treated with BBR
extract showed a negative response; (C) breast tissue of animals treated with DMBA displaying an intense immune response (arrows);
(D) breast tissue of animals treated with BBR extract after DMBA posting, showed a decreased immune response (arrow). (ABC, 400 %,
scale bar =25 um).
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Fig. 11. Morphometrics of Ki-67 expression immune stain. Bar chart of Ki-67 distribution percentage and optical density after
treatment with BBR extract compared to DMBA group. (A) Percentage, (B) optical density. a, significant compared to control group; b,
significant compared to DMBA group.

represented as a result of the reduction of tumor incidence.
Accordingly, the study’s observations revealed that BBR
extract could inhibit polycystic ovarian syndrome by mod-
ulating the PI3K/AKT pathway and altering estrogen, pro-
gesterone, FSH, and LH [26]. Moreover, prior studies re-

&% IMR Press

ported that BBR treatment significantly inhibited colorectal
tumor growth and enhanced pathological markers, such as
apoptosis induction and cell cycle arrest, in addition to re-
ducing the hepatic metastasis burden and decreasing molec-
ular markers associated with invasive metastasis [27,28].
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This work showed that injecting DMBA into the breast
fat pad significantly increased proinflammatory cytokine
levels (IL-6 and TNF-«). Several studies have displayed
a correlation between breast cancer and inflammation [16].
Inflammation principally contributed to malignant cell pro-
liferation and breast cancer therapy resistance [29,30]. It
was previously described that animals treated with DMBA
showed an obvious elevation in the inflammatory markers
IL-13, IL-6, and TNF-a. Meanwhile, the proinflamma-
tory cytokine STAT3 controlled a mechanism that induced
cancer. IL-6 and TNF-« promote cancer activity by phos-
phorylating transcription factors, such as STAT3 [31]. The
current study found that treatment with BBR extract after
DMBA-induced mammary carcinoma resulted in a signifi-
cant decrease in proinflammatory cytokines IL-6 and TNF-
a. BBR extract could lower cytokines that inhibit B and T
lymphocytes and macrophages [32].

Our results showed that a single injected dose of
DMBA into the breast fat pad induced mammary carcinoma
cells, accompanied by inflammatory cells and a marked
desmoplastic reaction in the breast. Moreover, DMBA
caused hyperplasia and dysplasia of the uterine endometrial
epithelium, along with high Ki-67 expression in breast tis-
sue, indicating a strong proliferative activity of carcinoma
cells. Another study reported the formation of neoplastic
tumor cells, along with lymphocytes, in the breast follow-
ing DMBA injection into the breast fat pad [33]. Alter-
natively, these current observations showed that treatment
with BBR extract after the induction of breast tumors re-
sulted in reduced carcinoma, a desmoplastic response in
the breast, less hyperplasia and dysplasia of epithelia in the
uterus, and a lower Ki-67 expression in the breast. A pre-
vious study showed that BBR extract could reduce DMBA-
induced ductal carcinoma and invasive carcinoma, likely
due to active bioactive compounds in the extract [13].

5. Conclusion

This study concludes that the carcinogen DMBA
could damage DNA and induce mutations in cells, leading
to carcinogenesis. When localized in the breast through the
fat pad injection, the DMBA induced mammary carcinoma,
also causing an increase in liver enzymes, kidney biomark-
ers, oxidative stress, and female hormones, along with a
heavy induction of mammary carcinoma in the breast with
a desmoplastic response and hyperplasia in the endometrial
epithelia of the uterus. However, berberine extract could
modify biochemical markers and oxidative stress altered by
DMBA due to its bioactive components; moreover, berber-
ine extract decreased the presence of carcinoma, desmo-
plastic response in the breast, and the reduced hyperplasia
of epithelia in the uterus.
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