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Fermented papaya extracts (FPEs) are obtained by fermentation of papaya by Aspergillus oryzae and yeasts. In this study, we
investigated the protective effects of FPEs on mammary gland hyperplasia induced by estrogen and progestogen. Rats were
randomly divided into 6 groups, including a control group, an FPE-alone group, a model group, and three FPE treatment
groups (each receiving 30, 15, or 5ml/kg FPEs). Severe mammary gland hyperplasia was induced upon estradiol benzoate and
progestin administration. FPEs could improve the pathological features of the animal model and reduce estrogen levels in the
serum. Analysis of oxidant indices revealed that FPEs could increase superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) activities, decrease malondialdehyde (MDA) level in the mammary glands and serum of the animal models, and
decrease the proportion of cells positive for the oxidative DNA damage marker 8-0xo0-dG in the mammary glands. Additionally,
estradiol benzoate and progestin altered the levels of serum biochemical compounds such as aspartate transaminase (AST),
total bilirubin (TBIL), and alanine transaminase (ALT), as well as hepatic oxidant indices such as SOD, GSH-Px, MDA, and
8—oxo—2'—de0xyguanosine (8-0x0-dG). These indices reverted to normal levels upon oral administration of a high dose of FPEs.
Taken together, our results indicate that FPEs can protect the mammary glands and other visceral organs from oxidative damage.

1. Introduction

Fermented fruit and vegetable juices are popular functional
foods in China. They contain large amounts of probiotics,
amino acids, carbohydrates, and functional enzymes, which
can be easily digested. In addition, fermented fruit and vege-
table juice exhibits antioxidant, antitumor, antidiabetic, and
anti-inflammatory activities [1, 2]. Papaya is used in tradi-
tional medicine because of its antioxidant, antitumor, and
immune regulatory effects [3-6]; these effects could be due
to the high content of a-tocopherol, flavonoid, benzyl isothio-
cyanate, lycopene, and papain in papaya [7-10]. Fermented

papaya is used in medical treatment and has been developed
as a commercial functional food in Japan, United States, and
several European countries [11]. Studies have shown that
fermented papaya products (FPP) protect hemocytes from
oxidative damage, prevent complications of aging, and cure
Alzheimer’s disease (AD) [12-14]. Due to its antioxidant
activity, FPP exhibits potential for tumor treatment, immune
regulation, and wound healing in diabetics [4, 6, 15]. Fermen-
ted papaya extracts (FPEs) are the fermentation liquor
extracted from papaya through long-term fermentation by
Aspergillus and yeast; they are commercially available in
the form of tablets and powder. Clinically, FPEs are applied
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as functional food to regulate endocrine disorders and
antioxidant activity, as well as to improve immune and
anti-inflammatory responses.

Mammary gland hyperplasia is a common noninflam-
matory and nontumor disease that occurs in women of
child-bearing age. This condition accounts for 75% of all
breast diseases [16, 17]. Women suffering from mammary
gland hyperplasia exhibits two to three times higher risk of
breast cancer than the general population. The risk is five
to eight times higher among patients with atypical hyperpla-
sia [18, 19]. The occurrence of mammary gland hyperplasia
is directly related to endocrine disorders, which are mainly
caused by imbalance of estrogen and progestin [20]. Hyper-
plasia of mammary epithelial cells can also be induced by cho-
lesterol and its oxidative product cholesterol epoxide [21, 22].
In the present study, animal models of mammary gland
hyperplasia were established using estradiol benzoate and
progestin based on the underlying mechanism of mammary
gland hyperplasia. Using these models, the protective effect,
functions, and mechanism of FPEs in estrogen-induced
mammary gland hyperplasia were investigated.

2. Materials and Methods

2.1. FPEs and Drugs. Immature papaya (half a month from
maturity) were peeled and cut into 2 mm slices after remov-
ing the seeds. The prepared papaya was fermented for 3
months through Aspergillus oryzae (isolated from millet cat-
sup and stored at our laboratory), and then fermented for 3
months using yeasts (Saccharomyces cerevisiae, provided by
Desheng Biotechnology Co. Ltd., Zhejiang, China) with 5%
glucose at 24-28°C. The FPEs were obtained by squeezing
and filtering after fermentation. Total flavonoids, one of the
important functional constituents in FPEs, were nearly
11.65mg/ml detected by UV method. Estradiol (2 mg/ml)
and progestin (10 mg/ml) were purchased from Hangzhou
Animal Pharmaceutical Factory, China.

2.2. Animals and Treatments. Thirty-six female SPF Sprague-
Dawley (SD) rats (180-200g, 7-8 weeks old, and at sexual
maturity) were purchased from the Shanghai Slack Labora-
tory Animal Co. Ltd. All animals were groomed in the
barrier system with a clean environment at 20°C-25°C
under 50-60% humidity and with a 12h light and 12h dark
cycle. Animal experiments were conducted in laboratories
that passed the AAALAC (Association for Assessment and
Accreditation of Laboratory Animal Care International)
authentication. The rats were randomly divided into six
groups, with each group containing six rats.

Group 1, the blank control group, received daily intra-
muscular injection of 0.5ml/kg saline and were orally
administered 30 ml distilled water/kg weight. Group 2, the
FPE control group, was orally administered 30 ml of FPEs/kg
weight at the beginning of the experiment. Group 3, the model
group, received intramuscular injection of 0.5 mg (0.5 ml)/kg
estradiol benzoate from day 1 to day 25 and 4 mg (0.5 ml)/kg
progestin from day 26 to day 30. As treatment groups,
group 4, group 5, and group 6 received estradiol benzoate
and progestin the same as the model group and were orally
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treated with FPEs from day 1 to day 30. Group 4, treatment
group I, was administered an oral dose of 30 ml of FPEs/kg.
Group 5, treatment group II, was administered an oral dose
of 15ml of FPEs plus 15ml of distilled water/kg. Group 6,
treatment group III, was administered an oral dose of 5ml
of FPEs plus 25 ml of distilled water/kg.

2.3. Nipple Measurement. On the 31st day, the third nipple on
the right side of the rats in each group was shaved. The diam-
eter and height of the shaved nipple were measured using a
Vernier caliper.

2.4. Sample Collection. On the 31st day, all experimental rats
were anesthetized with 2.5% pentobarbital solution and
killed humanely. Blood and tissue samples were collected
from the mammary glands, heart, liver, spleen, lung, kidney,
ovary, and uterus. To avoid interference from blood cells, the
blood in the liver was cleared by injecting saline through the
portal vein. Once blood clotted at room temperature, the
serum was separated within 10min by centrifugation at
3000 xg. A portion of the serum was immediately used for bio-
chemical detection, and the remainder was stored at =70°C
for analysis of hormones and oxidant indices. Half of the
collected tissue samples were stored in 10% formaldehyde
for pathological and immunohistochemical (IHC) tests,
and the remaining half was stored at —70°C for testing
oxidant indices and 8-oxo-2-deoxyguanosine (8-oxo-dG).

2.5. Sex Hormone Concentrations. The concentration of
each sex hormone in the serum was tested as per standard
specifications using estradiol (E2), progesterone (P), luteiniz-
ing hormone (LH), and follicle-stimulating hormone (FSH)
detection kits (Beijing Kemei Biological Technology Co. Ltd.).

2.6. Oxidative Index Detection. Malondialdehyde (MDA)
level, superoxide dismutase (SOD), and glutathione perox-
idase (GSH-Px) activities in the serum, mammary glands,
and livers were detected using commercially available
detection kits following the manufacturer’s instructions
(Sigma-Aldrich).

2.7. Blood Biochemistry. Serum biochemical parameters
including aspartate transaminase (AST), alanine transami-
nase (ALT), total bilirubin (TBIL), alkaline phosphatase
(ALP), creatine kinase (CK), blood urea nitrogen (BUN),
creatinine (Crea), total protein (TP), albumin (ALB), glucose
(GLU), total cholesterol (T-CHO), triglyceride (TG), potas-
sium (K*), serum sodium (Na"*), chloride (Cl7), and total
calcium (TCa) were analyzed using a Hitachi 7020 automatic
biochemical analyzer.

2.8. Detection of 8-Oxo-2"-deoxyguanosine (8-oxo-dG) through
Enzyme-Linked Immunosorbent Assay (ELISA) and IHC. The
biomarker 8-oxo-dG was detected in the mammary glands
and liver tissues through ELISA and IHC analyses. For ELISA,
50 mg of the tissues was collected. Total DNA was extracted
using a genome extraction kit (Sigma-Aldrich) and quantified
by colorimetric method. Approximately 300 ng of DNA was
extracted from each sample. The content of 8-0xo-dG in the
total DNA was determined using the EpiQuik™ 8-OHdG
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TasLE 1: Effect of FPEs on the nipple and sex hormones in rats.

Nipple (mm)

Sex hormones

Groups Height Diameter E2 (pg/ml) P (pg/ml) LH (pg/ml) FSH (pg/ml)
Control 1.22+0.14° 1.27 +0.10° 33.56+ 12.43" 70.44 + 13.34° 4.63+0.69° 5.17+0.83°
SPE control 1.27+0.11° 1.29+0.14° 3824 +8.31° 79.25 + 16.08° 5.27+1.08° 4.63+1.32°
EB +PR 1.86+0.17° 1.78 +0.12° 166.55 + 46.51° 151.22 +26.25° 9.16+2.71° 18.46 £3.15°
EB+PR+30ml SPE/kg  1.45+0.23" 1.41+0.21° 62.55 + 42.63*" 125.53 +19.23*" 5.77 +1.54° 8.64+3.24°
EB + PR+ 15 ml SPE/kg 1.64 +0.24° 1.46 +0.18%° 98.24 +31.31%° 142.65+7.19° 7.15+2.26% 10.52 +2.54%
EB + PR+ 5 ml SPE/kg 1.76 + 0.09° 1.72+0.16% 135.62 + 36.89%° 138.97 + 16.52° 8.23+1.84° 16.63 £2.11%°

SPE: fermented papaya extract; EB: estradiol benzoate; PR: progestin; E2: estradiol; P: progesterone; LH: luteinizing hormone; FSH: follicle-stimulating
hormone. Statistical differences are within the individuals at the same column. *p < 0.05 compared with control group; °p < 0.05 compared with EB + PR group.

DNA Damage Quantification Direct Kit (Colorimetric)
(EpiGentek). The results are presented as the ratio of
8-0x0-dG-positive cells.

For IHC, mammary glands were fixed in 10% formalde-
hyde for at least 24h and sliced into 4 um sections after
embedding in wax. After dewaxing, hydration, antigen
retrieval, DNA hybridization, and sealing treatment, the
slices were incubated overnight in anti-8-oxo-dG monoclo-
nal antibody (1:250, Trevigen) at 4°C. Next, the slices were
incubated in DyLight 594-labled goat anti-mouse IgG
(1:250, Jackson) for 30 min. After washing, the slices were
evaluated using a fluorescence microscope.

2.9. Pathological Mechanism Detection. Each major visceral
organ was fixed in 10% formaldehyde for at least 24 h, sliced
into 4 pym sections after embedding with wax, and dyed with
standard HE dyeing procedures. The pathological state of
each visceral organ was observed by optical microscopy.
Signs of pathological damage, such as lobule increase, acinar
increase, mammary duct and lumen ectasia, and mammary
duct and lumen secretion, were analyzed.

2.10. Statistical Analysis. Results are reported as mean+
SEM (standard error of mean) and were analyzed using
SPSS 22.0. One-way ANOVA was conducted to compare
data among more than two groups. p < 0.05 was considered
statistically significant.

3. Results

3.1. Protective Effect of FPEs on Serum Sex Hormone Index of
Rats. The regulatory effect of FPEs on sex hormone concen-
tration in the model rats was determined by detecting serum
E2, P, LH, and FSH levels. After administering the model rats
with estradiol benzoate and progestin, the serum levels of
these hormones increased (compared with those in the
control group, p <0.05). After treatment with FPEs, the
levels of E2 and FSH were found to be evidently decreased
(compared with those in the model group, p <0.05) and
dose-dependent. In addition, the level of P was signifi-
cantly decreased in the larger-dose (30ml of FPEs/kg)
group, and the level of LH was obviously reduced both
in the larger-dose group and the middle-dose (15ml of
FPEs/kg) group (compared with those in the model group,
p <0.05) (Table 1).

3.2. Effect of FPEs on Nipple Size of Rats. The diameter and
height of the nipples of rats increased upon estradiol benzo-
ate and progestin administration (compared with those in
the control group, p < 0.05). However, upon treatment with
FPEs, the diameter and height of their nipples improved. In
the larger-dose group, the diameter and height of their
nipples were significantly attenuated (compared with those
in the model group, p <0.05). Additionally, the middle-
dose group apparently alleviated the diameter of nipples.
However, the smaller-dose (5ml of FPEs/kg) group did not
show an evident modulatory role in the diameter and height
of nipples (Table 1).

3.3. Protective Effect of FPEs on Mammary Gland Pathology
in Model Animals. In this study, mammary gland hyperplasia
was induced by administering estradiol benzoate and proges-
tin and treated with FPEs. Histopathological analysis showed
that the lobules and acinars in the control group and group
administered with FPEs alone showed no apparent hyperpla-
sia, with few acinars and no clear secretion in the mammary
ducts and lumens. By contrast, severe pathological changes,
including mammary gland hyperplasia, lobule increase,
acinar increase, mammary duct and lumen ectasia, and
mammary duct and lumen secretion increase, were observed
in the model group. Table 2 shows the statistics for several
pathological features related to mammary gland hyperplasia
across the study groups. The pathology of the mammary
glands in the model rats given with the larger dose and mid-
dle dose of FPEs improved, with significant changes observed
in lobule number, acinar number, and mammary duct and
lumen secretion. Mammary duct and lumen secretion in
the treatment group administered a high dose of FPEs almost
returned to the normal level. In addition, pathological
improvements of mammary gland hyperplasia were found
to be positively correlated with FPE dosage (Figure 1).

3.4. FPEs Improve Mammary Gland Hyperplasia in Model
Rats via Its Antioxidant Effects. Mammary gland hyperplasia
induced by estradiol benzoate and progestin resulted in oxi-
dative damage. Oxidant indices such as SOD and GSH-Px
activities and MDA level in the serum and mammary glands
were detected the day after mammary gland hyperplasia was
induced. Therefore, we sought to evaluate the protective
effect of FPEs against oxidative damage in the mammary
glands. As shown in Figure 2, SOD and GSH-Px activities
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TaBLE 2: Effect of SM on estradiol benzoate and progestin induced mammary gland changes on histopathology.

Groups et Lobuleincrease  Acinarincrease e uctand - Mamary Guct and
Control - - - - -

FPEs control - - - - -

EB +PR +++ +++ +++ +++ +++

EB + PR+ 30 ml FPEs/kg + + + ++ +/-

EB + PR+ 15 ml FPEs/kg ++ ++ ++ +++ +

EB + PR+ 5 ml FPEs/kg +++ +++ +++ +++ ++

FPEs: fermented papaya extracts; EB: estradiol benzoate; PR: progestin. The histopathology changes were determined at the end of experiment. —: none;
+/—: some have and some not; +: mild; ++: moderate; +++: severe.

(a) (b)

(c) (d)

(e) (f)

F1GURE 1: Photomicrographs showing mammary gland of rats in the control and treatment groups (200x). There was no apparent hyperplasia
and no clear secretion in the mammary ducts and lumens in the control group (a) and the FPE-treatment-alone group (b). However, severe
mammary gland hyperplasia (MGH), lobule increase (LI), acinar (MA) increase, mammary duct (MD) and lumen ectasia, and mammary
duct and lumen secretion were observed in the estradiol benzoate and progestin treatment group (c). The pathology of the mammary
glands of the model rats improved upon treatment with FPEs at 30 ml/kg (d), 15 ml/kg (e) and 5 ml/kg (f). Scale bar, 100 ym.
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FiGure 2: Effect of FPEs on SOD and GSH-Px activities and MDA level in the serum and mammary glands, which had changed upon

treatment with estradiol benzoate and progestin. Data are presented as mean + SEM. “p < 0.05 compared with the control group; ®p < 0.05

compared with the EB + PR group.
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FiGure 3: Effect of FPEs on AST, ALT, and TBIL biochemistry indices and SOD, GSH-Px, and MDA oxidative indices in the livers, which
changed upon treatment with estradiol benzoate and progestin administration. Data are presented as mean + SEM. *p < 0.05 compared

with the control group; ®p < 0.05 compared with the EB + PR group.

and MDA level in the mammary glands and serum of the
model rats obviously changed compared with that in the
control group (p < 0.05). These oxidative indices in the mam-
mary glands and serum of the model rats also significantly
improved after treatment with FPEs both in the larger-dose
group and the middle-dose group (compared with those in
the model group, p<0.05). SOD and GSH-Px activities
in the serum of model rats treated with high doses of
FPEs recovered to levels observed in the control group.
Moreover, SOD activity in the serum of rats treated with
FPEs alone (group 2) was higher than that in the control
group (p < 0.05). Although the smaller-dose group did not
show an apparent antioxidant effect, these results indicate
that FPEs can increase the antioxidant levels and inhibit the
hyperplasia of mammary glands by antioxidants.

3.5. Blood Biochemistry. Each serum biochemical index was
determined to investigate the damage induced by estradiol
benzoate and progestin in the body and the protective effect
of FPEs. The AST and TBIL indices in the model rats obvi-
ously increased, and the ALT index obviously decreased in
the model rats (compared with those in the control group,
p <0.05). Compared with those in the model group, the
AST, TBIL, and ALT indices in the larger-dose FPE

treatment group were obviously improved and recovered to
the levels of the control group (p < 0.05). Furthermore, FPEs
showed a dose-dependent effect on AST index. The TBIL
index was also evidently reduced in the middle-dose group.
However, the TBIL and ALT indices in the smaller-dose
group were not significantly changed (compared with those
in the model group, p > 0.05) (Figure 3).

3.6. FPEs Inhibit Liver Damage in Model Rats via Their
Antioxidant Effects. Estradiol benzoate and progestin can
induce mammary gland hyperplasia and change AST, TBIL,
and ALT, which suggested that estradiol benzoate and
progestin could induce damage to other visceral organs.
Pathological examination of the major visceral organs did
not reveal any obvious pathological change in the visceral
organs, except for the liver, which underwent inflammatory
infiltration. Mammary gland hyperplasia is inhibited by FPEs
mainly via antioxidants. The SOD and GSH-Px activities and
MDA levels in the liver were examined to determine whether
liver damage induced by estradiol benzoate and progestin
was caused by oxidative stress and whether the liver was pro-
tected by FPEs via antioxidants. The liver was completely
cleaned with saline to avoid interference from blood. Results
showed that SOD and GSH-Px activities were obviously
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decreased, and the MDA level was increased in the model
group (compared with those in the control group, p < 0.05).
These oxidative indices in the liver tissues of the model rats
treated with FPEs were obviously restored both in the
larger-dose group and the middle-dose group. The SOD
and GSH-Px activities in the larger-dose group were
increased to the same level as the control group (compared
with those in the model group, p < 0.05, and compared with
those in the control group, p > 0.05). However, the smaller-
dose group did not show a significant protective effect. In
addition, the SOD activity in rats orally administered FPEs
alone was higher than that in the control group (p <0.05).
Thus, our results demonstrated that FPEs also prevented
liver damage via their antioxidant properties (Figure 3).

3.7. Treatment with FPEs Reduced the Oxidative Stress
Marker 8-ox0-dG. A part of mammary gland hyperplasia is
the early pathological changes of breast cancer. Oxidative
stress plays a crucial role in breast cancer induced by estro-
gen. The biomarker of 8-0x0-dG is one of the predominant
forms of free radical-induced oxidative lesions and has there-
fore been widely used in the evaluation of oxidative DNA
damage and carcinogenesis [23].

Results of IHC and ELISA analyses showed that the
number of cells expressing 8-oxo-dG in mammary gland
tissues was increased by estradiol benzoate and progestin.
By contrast, the number of 8-oxo-dG-positive cells was
remarkably reduced in the larger-dose and the middle-dose
FPE treatments (compared with that in the model group,
p <0.05) (Figure 4).

ELISA was conducted to detect 8-oxo0-dG content in liver
tissues. Similarly, the content of 8-0xo-dG in liver tissues of
the animal models was reduced in the larger-dose and the
middle-dose FPE treatments (compared with that in the
model group, p < 0.05). The 8-oxo-dG contents in livers of
rats administered with these two doses of FPEs had recovered
to the level in the control group (Figure 5).

4. Discussion

The pathogenesis of mammary gland hyperplasia remains
unclear, and studies suggest that this condition could be
attributed to endocrine dyscrasia [24]. Increase in estrogen
level in the body is known to promote multiplication of
mammary gland cells, and long-term high-estrogen stimula-
tion destroys the balance of mammary gland tissue hyperpla-
sia and recovery during menstrual cycles. These phenomena
result in gland duct expansion, adenomatosis, and acinus
increase and further cause pathological mammary gland
hyperplasia [20]. A large amount of reactive oxygen species
(ROS) was found to be produced by long-term high-
estrogen stimulation, which in turn caused oxidative stress
injury in mammary gland tissues [25-27]. Given the afore-
mentioned mechanism of mammary gland hyperplasia,
estrogen and progestin can be utilized to induce mammary
gland hyperplasia in model rats [18, 28]. In the present study,
model rats with mammary gland hyperplasia induced by
estradiol benzoate and progestin exhibited obvious elevation
of estrogen level in the serum. Concomitant with this rise in

estrogen level, severe pathological changes were observed.
Oxidative stress is also a crucial factor in mammary gland
hyperplasia. After mammary gland hyperplasia was induced
by estrogen and progestin, SOD and GSH-Px activities,
which are the major antioxidant enzymes that capture harm-
tul active oxygen, in the serum and mammary glands of rats,
were found to be obviously decreased.

FPPs are widely applied as functional food in the treat-
ment and remission of various diseases [29, 30]. Although
the mechanism underlying their therapeutic effects still
remains unclear, antioxidant activity is one of its major func-
tions [12, 31]. Antioxidant activity has been shown to be
effective in the treatment and remission of complications
related to age [32], erythrocyte oxidative damage [13], wound
healing in diabetics [11, 33, 34], and AD [14]. In this study,
FPEs can not only improve oxidative indices in the animal
models, but can also increase SOD activity in the normal
animals. This indicates that FPEs exhibit strong antioxidant
activity, and their protective effect on mammary gland
hyperplasia is likely related to this property.

Estrogen can induce cell multiplication and inhibit
DNA repair [35, 36]. Previous studies showed that breast
tumor is induced by estrogen through oxidative DNA
damage [25, 37, 38]. The biomarker 8-oxo-dG is a product
of ROS that induces oxidative DNA damage, which is
regarded as a cell marker of oxidative stress and oxidative
DNA damage, and is the most common product of oxidative
stress damage induced by estrogen [39, 40]. After long-term
estrogen inducement, 8-oxo-dG-positive cells in the mam-
mary gland obviously increased, but improved when the
animal models were given with FPEs. This finding indicates
that, in addition to its antioxidant activity, FPEs also have
the ability to inhibit oxidative DNA damage. This is consis-
tent with a previous report that FPP can reduce oxidative
DNA damage and improve cytokine balance [41].

In this study, a panel of blood biochemical markers in the
experimental animals were detected. The AST, ALT, and
TBIL indices in the serum of the animals with mammary
gland hyperplasia induced by estrogen were remarkably
increased. Meanwhile, these biochemical indices in the
animal models treated with FPEs had recovered to the level
of the control group. This result indicates that estrogen can
cause mammary gland hyperplasia and damage other visceral
organs. However, FPEs can protect these organs from being
injured. AST and ALT are markers of heart and liver damage,
whereas TBIL is a marker of liver damage. After pathological
detection of the major visceral organs, no obvious patholog-
ical changes to the heart, spleen, lung, kidney, ovary, and
uterus were observed. However, pathological changes in the
liver, which mainly consisted of inflammatory cell infiltra-
tion, were still induced. However, high-dose FPEs completely
protected the liver from being injured. Oxidant indices and
oxidative DNA damage markers indicate that FPE acts as
an antioxidant to protect the liver from damage. Previous
studies showed that FPP can protect liver activity and
inhibit liver cancer, which is mainly achieved via its antiox-
idant activity [42, 43]. Oxidative stress plays an important
role in mediating hepatotoxicity associated with many dis-
eases [44, 45]. FPEs improve and protect the organs, and
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FiGurek 4: Effect of SPE supplementation on oxidative stress in mammary gland hyperplasia of rats induced by estradiol benzoate
and progestin administration. (a-f) Representative images of 8-oxo-dG immunostaining in the mammary glands (200x). No apparent
8-0x0-dG-positive cells were observed in the control group (a) and the FPE-treatment-alone group (b). A high percentage of 8-oxo-dG-
positive cells were observed in the estradiol benzoate and progestin treatment group (c). Scale bar, 100 ym. However, the percentage of 8-oxo-
dG-positive cells decreased upon treatment with FPEs at 30 ml/kg (d), 15 ml/kg (e) and 5 ml/kg (f). (g) Quantification of 8-oxo-dG-positive
cells in the mammary glands by ELISA. Data are presented as mean = SEM. *p < 0.05 compared with the control group; ®p < 0.05 compared

with the EB + PR group.

in turn improve blood biochemical indexes, through their
antioxidative effects.

FPP is available in the market in powdered form after
papaya fermentation with edible fungi. FPEs, the extracting
solution fermented by papaya through the collaboration
of A. oryzae and yeasts for six months, can be easily pre-
pared and consumed. Clinically, FPEs are mainly used for

improving digestion and immune regulation, endocrine
dyscrasia improvement, and weight reduction. In this
study, three FPE treatment groups (each receiving 30, 15,
or 5ml/kg FPEs) was used for evaluating the protective
effect on mammary gland hyperplasia. The results provide
convincing evidence that FPEs with higher and middle
doses could obviously improve hormone levels, clinical
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FiGure 5: Quantification of 8-oxo-dG-positive cells in the liver by
ELISA. Data are presented as mean+SEM. “p <0.05 compared
with the control group; ®p < 0.05 compared with the EB + PR group.

signs, oxidative indices, biochemical index, and pathological
changes in model animals of mammary gland hyperplasia,
and with smaller dose had no significant modulatory role.
Moreover, the higher dose is the optimal dose, which was
converted into an adult dose 70ml/kg approximately
according to body surface area. In general, the clinical dose
of adult women is 100 ml/d. A 1-month safety evaluation of
FPEs for SD rats was conducted. The results showed that
blood biochemistry, hematology, histopathology, ingestion,
and water intake of the rats administered the recommended
clinical dose of FPEs four times did not obviously change.
However, an obvious decrease in body weight was docu-
mented, which is also a possible reason for the observed
change in body shape.

Studies have shown that mammary gland hyperplasia
induced by estrogen can be effectively inhibited by FPEs via
their antioxidant effects. In addition, FPEs can also improve
and repair oxidative damage in the liver. FPEs contain abun-
dant nutrients, such as alpha-tocopherol [8], flavonoid [9],
glutamic acid, cystine, cytosine, nicotinic acid, pipecolic acid,
homoserine, quinic acid, and glucuronic acid, which possess
antioxidant and antitumor functions. In recent years, liquor
obtained via fruit fermentation has become popular in China
and is commonly sold as commercial food. Each active
element in FPEs should be further analyzed. Future studies
should focus on the functions and mechanism of FPEs in
various diseases and in developing FPEs as functional food.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Acknowledgments

The project was supported by the Science and Technol-
ogy Department of Zhejiang Province (2016F30009) and
the Natural Science Foundation of Zhejiang Province
(LQY18H160001, LY17H310009).

References

[1] M. Lu, Y. Toshima, X. Wu, X. Zhang, and Y. Q. Cai, “Inhibi-
tory effects of vegetable and fruit ferment liquid on tumor
growth in Hepatoma-22 inoculation model,” Asia Pacific
Journal of Clinical Nutrition, vol. 16, no. S1, pp. 443-446, 2007.

[2] H.Y.Huang, M. Korivi, C. H. Tsai, J. H. Yang, and Y. C. Tsai,

“Supplementation of lactobacillus plantarum K68 and fruit-

vegetable ferment along with high fat-fructose diet attenuates

metabolic syndrome in rats with insulin resistance,” Evidence-

based Complementary and Alternative Medicine, vol. 2013,

Article ID 943020, 12 pages, 2013.

S. Mehdipour, N. Yasa, G. Dehghan et al., “Antioxidant poten-

tials of Iranian Carica papaya juice in vitro and in vivo are

comparable to a-tocopherol,” Phytotherapy Research, vol. 20,

no. 7, pp. 591-594, 2006.

[4] K. M. Sadek, “Antioxidant and immunostimulant effect of
Carica papaya Linn. aqueous extract in acrylamide intoxicated
rats,” Acta Informatica Medica, vol. 20, no. 3, pp. 180-185,
2012.

[5] J. A. Osato, L. A. Santiago, G. M. Remo, M. S. Cuadra, and
A. Mori, “Antimicrobial and antioxidant activities of unripe
papaya,” Life Sciences, vol. 53, no. 17, pp. 1383-1389, 1993.

[6] N. Otsuki, N. H. Dang, E. Kumagai, A. Kondo, S. Iwata, and
C.Morimoto, “Aqueous extract of Carica papayaleaves exhibits
anti-tumor activity and immunomodulatory effects,” Journal
of Ethnopharmacology, vol. 127, no. 3, pp. 760-767, 2010.

[7] A. Basu and S. Haldar, “Dietary isothiocyanate mediated
apoptosis of human cancer cells is associated with Bcl-xL
phosphorylation,” International Journal of Oncology, vol. 33,
no. 4, pp. 657-663, 2008.

[8] L.S. Ching and S. Mohamed, “Alpha-tocopherol content in 62
edible tropical plants,” Journal of Agricultural and Food
Chemistry, vol. 49, no. 6, pp. 3101-3105, 2001.

[9] K. H. Miean and S. Mohamed, “Flavonoid (myricetin,
quercetin, kaempferol, luteolin, and apigenin) content of
edible tropical plants,” Journal of Agricultural and Food
Chemistry, vol. 49, no. 6, pp. 3106-3112, 2001.

[10] D. Telgenhoff, K. Lam, S. Ramsay et al., “Influence of papain
urea copper chlorophyllin on wound matrix remodeling,”
Wound Repair and Regeneration, vol. 15, no. 5, pp. 727-735,
2007.

[11] E. Collard and S. Roy, “Improved function of diabetic wound-
site macrophages and accelerated wound closure in response
to oral supplementation of a fermented papaya preparation,”
Antioxidants and Redox Signaling, vol. 13, no. 5, pp. 599-
606, 2010.

[12] O. L. Aruoma, R. Colognato, I. Fontana et al, “Molecular
effects of fermented papaya preparation on oxidative damage,
MAP kinase activation and modulation of the benzo [a]
pyrene mediated genotoxicity,” BioFactors, vol. 26, no. 2,
pp. 147-159, 2006.

[13] F. Marotta, M. Weksler, Y. Naito, C. Yoshida, M. Yoshioka,
and P. Marandola, “Nutraceutical supplementation: effect of
a fermented papaya preparation on redox status and DNA

(3

—_—



10

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

damage in healthy elderly individuals and relationship with
GSTM1 genotype,” Annals of the New York Academy of
Sciences, vol. 1067, no. 1, pp. 400-407, 2006.

M. Barbagallo, F. Marotta, and L. J. Dominguez, “Oxidative
stress in patients with Alzheimer’s disease: effect of extracts
of fermented papaya powder,” Mediators of Inflammation,
vol. 2015, Article ID 624801, 6 pages, 2015.

B. S. Nayak, R. Ramdeen, A. Adogwa, A. Ramsubhag, and
J. R. Marshall, “Wound-healing potential of an ethanol
extract of Carica papaya (Caricaceae) seeds,” International
Wound Journal, vol. 9, no. 6, pp. 650-655, 2012.

K. H. Allison, P. R. Eby, J. Kohr, W. B. DeMartini, and C. D.
Lehman, “Atypical ductal hyperplasia on vacuum-assisted
breast biopsy: suspicion for ductal carcinoma in situ can strat-
ify patients at high risk for upgrade,” Human Pathology,
vol. 42, no. 1, pp. 41-50, 2011.

D. J. Marchant, “Benign breast disease,” Obstetrics and Gyne-
cology Clinics of North America, vol. 29, no. 1, pp. 1-20, 2002.
L. Wang, D. Zhao, L. Di et al, “The anti-hyperplasia of
mammary gland effect of Thladiantha dubia root ethanol
extract in rats reduced by estrogen and progestogen,” Journal
of Ethnopharmacology, vol. 134, no. 1, pp. 136-140, 2011.

D. Medina, “Biological and molecular characteristics of
the premalignant mouse mammary gland,” Biochimica et Bio-
physica Acta (BBA)-Reviews on Cancer, vol. 1603, no. 1,
pp. 1-9, 2002.

J. L. Yang, Y. Ren, L. Wang et al., “PTEN mutation spectrum in
breast cancers and breast hyperplasia,” Journal of Cancer
Research and Clinical Oncology, vol. 136, no. 9, pp. 1303-
1311, 2010.

E. C. Ontsouka and C. Albrecht, “Cholesterol transport and
regulation in the mammary gland,” Journal of Mammary
Gland Biology and Neoplasia, vol. 19, no. 1, pp. 43-58, 2014.

C. E. Ontsouka, X. Huang, E. Aliyev, and C. Albrecht, “In
vitro characterization and endocrine regulation of choles-
terol and phospholipid transport in the mammary gland,”
Molecular and Cellular Endocrinology, vol. 5, no. 439,
pp. 35-45, 2017.

A. Valavanidis, T. Vlachogianni, and C. Fiotakis, “8-hydroxy-
2" -deoxyguanosine (8-OHdG): a critical biomarker of
oxidative stress and carcinogenesis,” Journal of Environmental
Science and Health, Part C: Environmental Carcinogenesis ¢
Ecotoxicology Reviews, vol. 27, no. 2, pp. 120-139, 2009.

N. L. Henry, “Endocrine therapy toxicity: management
options,” American Society of Clinical Oncology Educational
Book, vol. 34, pp. €25-e30, 2014.

S. D. Gupta, J. Y. So, J. Wahler et al., “Tocopherols inhibit
oxidative and nitrosative stress in estrogen-induced early
mammary hyperplasia in ACI rats,” Molecular Carcinogenesis,
vol. 54, no. 9, pp. 916-925, 2015.

L. Marinelli, G. Gabai, J. Wolfswinkel, and J. A. Mol,
“Mammary steroid metabolizing enzymes in relation to hyper-
plasia and tumorigenesis in the dog,” The Journal of Steroid
Biochemistry and Molecular Biology, vol. 92, no. 3, pp. 167-
173, 2004.

S. M. Mense, F. Remotti, A. Bhan et al., “Estrogen-induced
breast cancer: alterations in breast morphology and oxidative
stress as a function of estrogen exposure,” Toxicology and
Applied Pharmacology, vol. 232, no. 1, pp. 78-85, 2008.

T. Chen, J. Li, J. Chen, H. Song, and C. Yang, “Anti-hyperpla-
sia effects of Rosa rugosa polyphenols in rats with hyperplasia

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

Oxidative Medicine and Cellular Longevity

of mammary gland,” Environmental Toxicology and Pharma-
cology, vol. 39, no. 2, pp. 990-996, 2015.

S. Murakami, S. Eikawa, S. Kaya, M. Imao, and T. Aji, “Anti-
tumor and immunoregulatory effects of fermented papaya
preparation (FPP: SAIDO-PS501),” Asian Pacific Journal of
Cancer Prevention, vol. 17, no. 7, pp. 3077-3084, 2016.

Z. E. Kharaeva, L. R. Zhanimova, M. S. Mustafaev et al.,
“Effects of standardised fermented papaya gel on clinical symp-
toms, inflammatory cytokines, and nitric oxide metabolites in
patients with chronic periodontitis: an open randomised
clinical study,” Mediators of Inflammation, vol. 2016, Article
1D 9379840, 12 pages, 2016.

1. Calzuola, G. L. Gianfranceschi, and V. Marsili, “Compara-
tive activity of antioxidants from wheat sprouts, Morinda
citrifolia, fermented papaya and white tea,” International
Journal of Food Sciences and Nutrition, vol. 57, no. 3-4,
pp. 168-177, 2006.

F. Marotta, K. Pavasuthipaisit, C. Yoshida, F. Albergati, and
P. Marandola, “Relationship between aging and susceptibility
of erythrocytes to oxidative damage: in view of nutraceutical
interventions,” Rejuvenation Research, vol. 9, no. 2, pp. 227-
230, 2006.

R. Dickerson, B. Deshpande, U. Gnyawali et al., “Correction of
aberrant NADPH oxidase activity in blood-derived mononu-
clear cells from type II diabetes mellitus patients by a naturally
fermented papaya preparation,” Antioxidants and Redox
Signaling, vol. 17, no. 3, pp. 485-491, 2012.

S. Gurung and N. Skalko-Basnet, “Wound healing properties
of Carica papaya latex: in vivo evaluation in mice burn model,”
Journal of Ethnopharmacology, vol. 121, no. 2, pp. 338-341,
2009.

S.J. Weroha, S. A. Li, O. Tawfik, and J. J. Li, “Overexpression of
cyclins D1 and D3 during estrogen-induced breast oncogene-
sis in female ACI rats,” Carcinogenesis, vol. 27, no. 3,
pp. 491-498, 2006.

K. P. Singh, J. Treas, T. Tyagi, and W. Gao, “DNA demethyla-
tion by 5-aza-2-deoxycytidine treatment abrogates 17 beta-
estradiol-induced cell growth and restores expression of
DNA repair genes in human breast cancer cells,” Cancer
Letters, vol. 316, no. 1, pp. 62-69, 2012.

B. Singh, A. Chatterjee, A. M. Ronghe, N. K. Bhat, and H. K.
Bhat, “Antioxidant-mediated up-regulation of OGG1 via
NRF2 induction is associated with inhibition of oxidative
DNA damage in estrogen-induced breast cancer,” BMC
Cancer, vol. 13, no. 1, p. 253, 2013.

S. M. Mense, B. Singh, F. Remotti, X. Liu, and H. K. Bhat,
“Vitamin C and a-naphthoflavone prevent estrogen-induced
mammary tumors and decrease oxidative stress in female
ACI rats,” Carcinogenesis, vol. 30, no. 7, pp. 1202-1208, 2009.

M. M. Montano, L. J. Chaplin, H. Deng et al., “Protective roles
of quinone reductase and tamoxifen against estrogen-induced
mammary tumorigenesis,” Oncogene, vol. 26, no. 24, pp. 3587-
3590, 2007.

B. Singh, N. K. Bhat, and H. K. Bhat, “Induction of NAD (P)
H-quinone oxidoreductase 1 by antioxidants in female ACI
rats is associated with decrease in oxidative DNA damage
and inhibition of estrogen-induced breast cancer,” Carcino-
genesis, vol. 33, no. 1, pp. 156-163, 2012.

F. Marotta, C. Yoshida, R. Barreto, Y. Naito, and L. Packer,
“Oxidative-inflammatory damage in cirrhosis: effect of
vitamin E and a fermented papaya preparation,” Journal of



Oxidative Medicine and Cellular Longevity

[42]

(43]

[44]

(45]

Gastroenterology and Hepatology, vol. 22, no. 5, pp. 697-703,
2007.

J. Somanah, S. Ramsaha, S. Verma et al., “Fermented papaya
preparation modulates the progression of N-methyl-N-
nitrosourea induced hepatocellular carcinoma in Balb/c mice,”
Life Sciences, vol. 151, pp. 330-338, 2016.

B. Rajkapoor, B. Jayakar, S. Kavimani, and N. Murugesh,
“Effect of dried fruits of Carica papaya Linn on hepatotoxic-
ity,” Biological and Pharmaceutical Bulletin, vol. 25, no. 12,
pp. 1645-1646, 2002.

N. Houstis, E. D. Rosen, and E. S. Lander, “Reactive oxygen
species have a causal role in multiple forms of insulin resis-
tance,” Nature, vol. 440, no. 7086, pp. 944-948, 2006.

S. C. Gupta, D. Hevia, S. Patchva, B. Park, W. Koh, and B. B.
Aggarwal, “Upsides and downsides of reactive oxygen species
for cancer: the roles of reactive oxygen species in tumorigene-
sis, prevention, and therapy,” Antioxidants Redox Signaling,
vol. 16, no. 11, pp. 1295-1322, 2012.

11



	Modulatory Effect of Fermented Papaya Extracts on Mammary Gland Hyperplasia Induced by Estrogen and Progestin in Female Rats
	1. Introduction
	2. Materials and Methods
	2.1. FPEs and Drugs
	2.2. Animals and Treatments
	2.3. Nipple Measurement
	2.4. Sample Collection
	2.5. Sex Hormone Concentrations
	2.6. Oxidative Index Detection
	2.7. Blood Biochemistry
	2.8. Detection of 8-Oxo-2′-deoxyguanosine (8-oxo-dG) through Enzyme-Linked Immunosorbent Assay (ELISA) and IHC
	2.9. Pathological Mechanism Detection
	2.10. Statistical Analysis

	3. Results
	3.1. Protective Effect of FPEs on Serum Sex Hormone Index of Rats
	3.2. Effect of FPEs on Nipple Size of Rats
	3.3. Protective Effect of FPEs on Mammary Gland Pathology in Model Animals
	3.4. FPEs Improve Mammary Gland Hyperplasia in Model Rats via Its Antioxidant Effects
	3.5. Blood Biochemistry
	3.6. FPEs Inhibit Liver Damage in Model Rats via Their Antioxidant Effects
	3.7. Treatment with FPEs Reduced the Oxidative Stress Marker 8-oxo-dG

	4. Discussion
	Conflicts of Interest
	Acknowledgments

