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Germinated brown rice and its bioactives
modulate the activity of uterine cells in
oophorectomised rats as evidenced by gross
cytohistological and immunohistochemical
changes
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Abstract

Background: Germinated brown rice (GBR) is gaining momentum in the area of biomedical research due to its
increased use as a nutraceutical for the management of diseases. The effect of GBR on the reproductive organs of
oophorectomised rats was studied using the gross, cytological, histological and immunohistochemical changes,
with the aim of reducing atrophy and dryness of the genital organs in menopause.

Methods: Experimental rats were divided into eight groups of six rats per group. Groups 1, 2 and 3 (sham-operated
(SH), oophorectomised without treatment (OVX) and oophorectomised treated with 0.2 mg/kg oestrogen,
respectively) served as the controls. The groups 4,5,6,7 and 8 were treated with 20 mg/kg Remifemin, 200 mg/kg of
GBR, ASG, oryzanol and GABA, respectively. All treatments were administered orally, once daily for 8 weeks. Vaginal
smear cytology was done at the 7" week on all the rats. The weight and dimensions of the uterus and vagina
were determined after sacrifice of the rats. Uterine and vaginal tissues were taken for histology and
Immunohistochemical examinations.

Results: GBR and its bioactives treated groups significantly increased the weight and length of both the uterus and
the vagina when compared to Oophorectomised non-treated group (OVX-non-treated) (p < 0.05). Significant
changes were observed in the ratio of cornified epithelial cells and number of leucocytes in the vaginal cytology
between the oophorectomised non-treated and treated groups. There was also an increase in the luminal and
glandular epithelial cells activity in the treated compared with the untreated groups histologically.
Immunohistochemical staining showed specific proliferating cell nuclear antigen (PCNA) in the luminal and
glandular epithelium of the treated groups, which was absent in the OVX-non-treated group. GBR improved the
length and weight of the uterus and also increased the number of glandular and luminal cells epithelia of

the vagina.

Conclusion: GBR and its bioactives could be a potential alternative in improving reproductive system atrophy,
dryness and discomfort during menopause.
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Background

The shifting trend in the management of ailments from
synthetic compounds and drugs to nutraceutical and na-
tural products has gained momentum in the last two
decades. In this respect, germinated brown rice (GBR)
and it bioactive compounds have been among the most
widely studied, especially in the area of metabolic dis-
eases such as obesity, cancer and diabetes [1-4]. GBR is
brown rice that is soaked for 12-24 hours at varying
temperature, during which it sporulates and releases its
bioactive nutrients, which increase in quantity to ap-
proximately twice its original content. Some of the nutri-
ents reported to increase include y-amino butyric acid
(GABA), dietary fibre, inositol, ferulic acid, phytic acid,
tocotrinols, magnesium, potassium, zinc, y-oryzanol and
prolylendopeptidase inhibitor [5]. It has been reported
that GABA increased dramatically when brown rice was
soaked at 40°C in water for 8—24 hours [6]. Documented
effectiveness of GBR also includes suppression of liver
damage, hypercholesterolaemia and neuro-protective ef-
fects [7-9].

Menopause is a natural transition in a woman’s life in
which her menstrual cycle ceases and she is no longer
fertile due to depletion of ovarian follicles and a gradual
decrease in ovarian production of oestrogen and other
hormones [10] The decrease in oestrogen level during
the menopause is associated with atrophy of the genital
organs whereby the mucosa becomes inelastic, pale, dry
and thin. Vaginal atrophy leads to dyspareunia, thus
impairing sexual functioning, which invariably leads to
psychological stress. There is also increased suscepti-
bility to infection, trauma and urinary incontinence [11]
Although conventional hormone therapy is highly ef-
fective in suppressing menopausal disorders, there is
widespread concern about its safety. Previous studies re-
ported the effects of late complications due to hormone-
replacement therapy (HRT) such as breast, uterine and
ovarian cancers, vaginal bloating and bleeding, and car-
diovascular and other related complications [12-17].

Soy isoflavones have been established to have a selec-
tive oestrogenic effect and recent studies implicated ge-
nistein, a component of soy, in the enhancement of
chemically induced colon and breast cancers [18-20].

Vaginal cytology of female rats can be used to deter-
mine the oestrous cycle, hormonal status and the relative
function of the reproductive system in rats. The stages
of the vaginal cell cycle correlate well with the changes
in the ovaries and uterus. Also, the proportion and dis-
tribution of the various types of cells in the vaginal
smear determines the healthy state of the reproductive
system and the hormonal level. Proliferating cell nuclear
antigen (PCNA) is as an endogenous marker for cell
proliferation and has been equated to the Brdu prolifera-
tion assay [21-24]. It acts as a docking site for a number
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of proteins involved in the regulation of cell cycle and
DNA repair [24,25]. An organ such as the uterus, which
is always under the influence of ovarian hormones,
serves as a good model for PCNA evaluation in prolife-
ration [21].

The gross and histological appearances of tissues are
important parameters in accessing the effect of adminis-
tered compounds in both pharmacological and toxico-
logical studies. The aim of this study is to ascertain the
possibility of using germinated brown rice as a substitute
to HRT in converting vaginal and uterine atrophy in
menopause.

Methods

Experimental animals

Forty-eight mature Sprague—Dawley rats of 12 weeks
of age, weighing 250-260g were procured from the
Faculty of Veterinary Medicine University Putra Malaysia
(Serdang, Selangor, Malaysia). They were acclimatised for
2 weeks and given feed and water adlibitum. The whole
animal study was done at the animal house, Faculty of
Medicine and Health Science, University Putra Malaysia
where the rats were housed in plastic cages in a controlled
air-conditioned room (25-30°C) with exposure to 12/12-h
light/dark cycle. The study was carried out according to
the guidelines for the use of animals and was approved by
the Animal Care and Use Committee (ACUC) of the Fac-
ulty of Medicine with approval number UPM/FPSK/
PADS/UUH/FO1. After acclimatisation, the rats were
grouped into eight groups of six rats each.

GBR, drugs and chemicals

Brown rice was from Bernas Rice company (Malaysia),
Cimicifuga racemosa (Remifemin® 20 mg/tab) was pur-
chased from Schaper & Brummer GmbH&Co. (Salzgitter,
Germany). Conjugated oestrogen (Premarin® 0.625 mg/tab)
was procured from Wyeth Ireland Newbridge, (Co. Kildare,
Ireland). Xylazine HCL 20 mg/ml and ketamine HCL were
from TROY laboratories PTY Ltd (Smithfield, Australia).

Extract and drug preparation
Brown rice phenolics were extracted using 80% me-
thanol and analysed by HPLC as earlier reported [26],
GABA was extracted from GBR and subsequently ana-
lysed using HPLC-DAD (Agilent, Santa Clara, CA) [27],
oryzanol was analysed using the method reported by
Azlan [28] and ASG was extracted using a combination
of methanol and chloroform and quantified using GCMS
[29].The four different samples were dissolved in dis-
tilled water (100 mg/5mls) using (0.2%) tween 20, ho-
mogenised with a high-speed homogeniser and a final
effective dose of 200 mg/kg/day was administered orally.
Premarin(0.625 mg/tablet)was ground into powder
using a blender and dissolved in distilled water (17.5 mg
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in 72.8 mls) making a concentration of 0.24 mg/ml, and a
final dose of 0.2 mg/kg/day was administered orally [30].

Remifemin (20 mg/tablet) were ground into powder
using an electric blender, dissolved in distilled water at a
concentration of 1 mg/ml, and a final dose of 20 mg/kg/day
was administered orally.

Surgical procedure

The group lrats were sham operated by exposing the
ovaries and returning them back to their anatomical
position. Bilateral oophorectomy was performed on all
the rats in groups 2-8under anaesthesia using 12 mg/
80 mg/kg xylazine/ketamine. The dorso-lateral part of
the abdominal region was scrubbed and shaved, disin-
fected with poviden-iodine using gauze bandage. Two
incisions of 1 cm long were performed on each of the
caudal parts of the dorso-lateral area of the rats using
sharp scissors after lifting the skin with a tom-forceps.
Muscles were separated along their fibres and ovaries
were located, double ligated and removed. The wound
was then closed in two layers.

Grouping and dosing

Two weeks after the surgery, treatment for the study
was commenced on the rats. The group 2 rats were
oophorectomised without treatment; groups 3 and 4
were treated with 0.2 mg/kg oestrogen and 20 mg/kg
Remifemin, respectively, while groups 5, 6, 7 and 8 were
treated with GBR, ASG, GABA and oryzanol at the dose
rate of 200 mg/kg, respectively. All treatments were ad-
ministered orally once a day for 8 weeks.

Vaginal cytology

At the seventh week, vaginal smears were taken from
each rat in the groups at approximately the same time of
the day between 8 am-10 am over a period of four days,
to minimise the incidence of transitional and missed
stages. Lavage with saline (0.9% NaCl) was done by flu-
shing the cells from the vaginal lining by introducing
0.2mls of normal saline into the vagina using a pipette
and gently aspirating the content. This releasing and as-
pirating is done 2—3 times, then one or two drops of the
resulting cell suspension is placed on a clean slide and
covered with a slip and then mounted on a light micro-
scope for viewing.

Sacrifice, tissue sectioning and histology

At the eighth week, all the rats were sacrificed un-
der ether anaesthesia, the uterus gently removed and the
length and weight recorded immediately. They were
then transferred immediately into RCL2 and stored
at -80°C until analysis. The samples were later fixed in
10% formalin for 24 hours, sectioned and stained using
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Haematoxylin and Eosin (H&E) stain and observed un-
der a light microscope.

Immuno-peroxidase

Immunohistochemistry to detect the presence of PCNA
was done following the same procedure reported earlier
[31] with some modifications. Sections were mounted
on gelatin-coated glass slides, deparaffinised in three
changes of xylol and rehydrated in graded alcohol then
washed with distilled water. The sections were then
placed in 10 mmol citrate buffer, pH 6.0, for 10 mins at
50 W in a microwave, cooled at room temperature for
5 minutes. Non-specific bindings were covered using 5%
bovine serum albumin (BSA), Sections were then incu-
bated using H>O, (3%) for 30 minutes to block endogen-
ous peroxidase activity and washed in PBSt and distilled
water. PC10 monoclonal antibody procured from
DakoCytomation (Denmark) was used as the primary
antibody for an hour at a ratio of 1:200 then rinsed in
PBS and reacted with polyclonal rabbit anti-mouse as
the secondary antibody for 10 minutes at room tem-
perature. The peroxidase reactions were developed in
3,3-diaminobenzidine in chromagen solution (DAB +
CHROMAGEN) and counter stained with methylene
blue for 2 minutes, and finally, sections were cleared in
xylene and cover-slipped for examination under a light
microscope.

Statistical analysis

All samples were analysed in triplicate. Data were pre-
sented as mean + standard deviation (SD). Differences
were evaluated by one-way analysis of variance (ANOVA)
and mean comparison was determined by Turkey Kramer
LST, using JMPI10 statistical software. Differences were
considered significant at p < 0.05.

Results

Uterine weight and length

Grossly, the uteri of the oophorectomised non-treated
control rats were atrophied compared to the sham-
operated control and the oophorectomised treated rats
as shown in Table 1. Significant differences were ob-
served in the weight and length of the uterus and vagina
of the oophorectomised treated group, the oophorecto-
mised non-treated and the group treated with Remifemin
(p<0.0001). The significance levels between the groups
were indicated in Table 1.

Vaginal cytology

The vaginal cells (cornified and epithelial) increased in
number in oophorectomised treated rats at the 7 week
of treatment compared to the oophorectomised non-
treated group (Table 2 and Figure 1).
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Table 1 Mean + SD uterus and vaginal weight and length after 8 weeks of intervention with GBR and its bioactives in

oophorectomised rats

Groups Sham ovX OVX + oestrogen OVX + Remifemin OVX+GBR OVX+ASG OVX+ORZ OVX+GABA
0.2 mg/kg 20 mg/kg 200 mg/kg 200 mg/kg 200 mg/kg 200 mg/kg
Uterus weight(@ 091 +0.18° 041+008° 131+032? 0.56 +0.05 085+004° 088+007° 089+006° 0.87+004°
Uterus length (cm)  505+039° 321+041° 585+089° 399+031° 506+044° 521+040° 514+035° 506+029°
Vaginal weight(g) ~ 019+0.05° 0.06+001° 0.17+004° 0.05+001° 0.18+006° 0.18+006° 0.19+004° 0.17+0.04°
Vaginal length (cm)  094+008> 027 +006° 089008 033+003° 094+004° 093+004° 091+005 090+007°

Means Comparisons for all pairs using Tukey-Kramer HSD (values with different superscripts a, b, c in the same row are significantly different p < 0.0001).

Histology

Histologically, the sham-operated non-treated group
showed normal uterine activity, while the oophorecto-
mised non-treated group showed depleted epithelia with
slight to absent uterine activity(Figure 2A and B). The
oestrogen-treated group had an increased number of
glands and epithelial lining, the group treated with ASG
at 200 mg showed an increased number of glands, while
the epithelia lining was slightly depleted (Figure 2C
and D). The uteri of 200mgGBR-treated rats showed in-
creased glandular formation containing fluid that showed
activity and the y-oryzanol-treated group(ORZ 200 mg)
exhibited an increase in proliferation of uterine glands,
which were very active (Figure 2F and H). Remifemin
(20 mg) showed an increase in the number of the uterine
glands and empty lumens with increased epithelial lining,
The group treated with the GABA fraction (200 mg)
showed an increase in uterine glands, and slight epithelial
depletion (Figure 2G and E).

Immunohistochemistry

Immunoreactivity for PCNA was observed in the lu-
minal and glandular epithelium, as well as the stromal
cells, which was observed in positive control sections
and also in treated groups. Positive cells exhibited a
dark-brown homogeneous staining, while the light-brown
staining areas showed less reactivity. Sham-operated rats
as well as oestrogen-, oryzanol- and Remifemin-treated
groups all showed PCNA reaction on stromal and luminal
epithelial linings as shown in Figures 3A, C, G and H.
Groups treated with ASG, GBR and GABA showed PCNA
reaction on stromal, luminal and glandular epithelial
cells, with the group treated with GABA showing strong

reactivity as shown in Figures 3D, E and F. Oophorecto-
mised non-treated rats showed a mild PCNA reaction
only on the columnar epithelial lining (Figure 3B).

Discussion

The use of natural substances as hormonal-replacement
therapy in menopause is well documented in the litera-
ture though the availability and safety margin is a source
of concern. In this study, germinated brown rice and its
bioactives after eight weeks of oral treatment grossly
restored the weight and length of atrophied uteri and va-
gina of rats compared to those of oophorectomised non-
treated control group. A significant increase in both the
weight and length of the uterus and the vagina was ob-
served when comparing the sham-operated with the
oophorectomised non-treated groups, and the groups
treated with GBR, ASG, oryzanol, GABA and oestrogen
with the group treated with Remifemin(p < 0.0001). Si-
milar effects were observed on uterine weight between
oophorectomised and non-oophorectomised rats treated
with Daidzine, Genistein, oestradiol or honey [32-34].
There are observable differences on the vaginal cytology
between the various treatment groups compared with
the oophorectomised non-treated rats, including the ra-
tio of distribution between the three cells. Cornified cell
were observed in high number in the group treated with
GABA fractions, the epithelial cells were observed in
higher number in groups treated with oestrogen, ory-
zanol and ASG, while the group treated with GBR had
almost an equal number of the two cells. Oestrous cycle
is a rhythmic reproductive cycle that is influenced by the
release of gonadotropin-releasing hormone from the
hypothalamus, gonadotropins from the pituitary gland

Table 2 Proportions of vaginal cell count at the 7" week after treatment of oophorectomised rats with germinated

brown rice and its bioactives

Groups Sham ovX OVX +EST OVX + GBR OVX + REM OVX + ASG OVX + ORZ OVX + GABA
cell type 0.2 mg/kg 200 mg/kg 20 mg/kg 200 mg/kg 200 mg/kg 200 mg/kg
Cornified cells + - ++ ++ + + + +++
Epithelial cells +++ + +++ ++ + +++ 4+ +
Leucocytes + +++ + + + + + +

Key: +++ = high, ++ = moderate, + =low, - =absent.
EST Estrogen.
REM Remifemin.
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Figure 1 Unstained vaginal smears (cytology) of the female rats at the 7" week after ovariectomy. The diagram shows various stages of

the oestrous cycle depending on the average of the dominating cells after four days of consecutive sampling in various treatment groups.

(E = Epithelial cells, C=Cornified cells, L = Leucocytes). (A) Sham operated (No OVX), (B) OVX (No treatment), (C) oestrogen treated (OVX + EST),

(D) ASG fraction (OVX + ASG), (E) GABA fraction (OVX + GABA), (F) GBR fraction (OVX + GBR), (G) Remifemin treated (OVX + REM), (H) (OVX + Oryzanol).
.

and sex hormones from the gonads [35]. The average
number of vaginal cells at a particular time of the oes-
trous cycle gives a clear picture of the functional status
of the neuro-endocrine — reproductive system and ovar-
ian activity [36]. Therefore, the high number of cornified
as well as epithelial cells observed after treating the rats
with GBR and its bioactives indicate the effects of these
compounds in restoring the neuro-endocrine reproduc-
tive and ovarian function already lost due to oopho-
rectomy. These changes observed on vaginal cytology
and gross modification may be an indication that GBR
and its bioactives possess oestrogenic activity, and
Remifemin has little or no effect on the uterine tissue as
earlier reported [37]. Histologically, rat uteri treated with
GBR and its bioactives showed increased activity of the
uterine cells and also the glands. PCNA, which is an in-
dicator of DNA synthesis as well as cell proliferation,
showed positive reactions on the treated cells and this
showed that the cells are on their early propagation and
duplication at the synthetic (S) phase cycle as reported
by other workers [38,39]. Thus, the cells of the treated
groups were in the early stages of duplication and
showed strongly positive nuclear reactivity. The PCNA

reaction also correlated well with the stages of oestrous
cycle in this study and this finding is comparable with
an earlier study [21]. It has been reported that mitosis
usually increased from dioestrus toward proestrus, while
cell death and apoptosis was low at this stage, and high
towards oestrous, and the observation is related to the
concentration of ovarian steroid hormones that increases
at dioestrus and proestrous and decreases towards
oestrous [40,41]. In this study, we observed that our
sham- and oophorectomy-treated rats hada higher aver-
age number of cornified and epithelial cells than the
oophorectomised non-treated groups, which showed
that the GBR- and its bioactive compound-treated oopho-
rectomised rats were mostly at their pro- or dioestrous
stage of the oestrous cycle. A positive light-brown stai-
ning immunoreactivity was observed in the control sham
groupand ASG- and oryzanol-treated groups at both the
stroma, glandular and luminal epithelium —this clearly in-
dicated that the induction of proliferation by these com-
pounds was controlled and minimal. Previous studies have
shown that GBR contains a lot of bioactives that have
antioxidant [26,42], anti-colon cancer [43], anti-diabetic
[29,44-46] and other numerous effects, ASG, for instance,
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(H) (OVX + Oryzanol).

Figure 2 Histological sections of oophorectomised rats uteri treated with the different fractions of the compounds for 8 weeks
(H&E STAIN) x100. E = Epithelial cells; G =Glandular cells. (A) Sham operated (No OVX), (B) OVX (No treatment), (C) oestrogen treated
(OVX + EST), (D) ASG fraction (OVX + ASG), (E) GABA fraction (OVX + GABA), (F) GBR fraction (OVX + GBR), (G) Remifemin treated (OVX + REM),

which is a glycosidase, has been implicated in physiolo-
gically important processes in plants, such as response to
biotic and abiotic stresses, defence against herbivores, ac-
tivation of phytohormones, lignification and cell-wall
remodelling [47]. Despite the fact that the different com-
pounds give almost the same gross effects in terms of re-
storing the measured anatomical indices of the uterus,

cytological evidences showed variability in distribution of
leucocytes and epithelial and cornified cells across the
treatment groups(Table 2). Likewise, the histological ap-
pearance of the various cells in the groups showed diffe-
rent configurations in term of glands, epithelial lining and
activity (Figure 2). Furthermore, the PCNA reaction ob-
served within the various treatment groups varied in the
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Figure 3 Immunohistochemical staining of PCNA showing specific sites of binding on the nuclei in the luminal, glandular epithelium
and stromal cells of oopherectomised rat uteri treated with the different fractions of the compounds for 8 weeks. LE = PCNA positive
cells staining at the luminal epithelial cells; S=PCNA positive cells staining ofthe stromal cells; GE = PCNA positive cells staining at the glandular
epithelial cells cells. (A) Sham operated (No OVX), (B) OVX (No treatment), (C) oestrogen treated (OVX + EST), (D) ASG fraction (OVX + ASG),

(E) GABA fraction (OVX + GABA), (F) GBR fraction (OVX + GBR), (G) Remifemin treated (OVX + REM), (H) (OVX + Oryzanol).

staining pattern of the cells. These differences may be as a
result of different molecular mechanisms of action, which
need to be ascertained in further studies.

Conclusion

The uterine modulatory effects of GBR and its bioactives
observed in this study might be due to the antioxidant
and anti-inflammatory effects of its various components.

Studies are also underway to determine whether GBR
has oestrogen receptor binding activity and other effects
relating to mechanisms of the utero-trophic modulations
of GBR in menopause.

Competing interests

The authors declared no competing interest with PadiBeras Nasional
Malaysia (BERNAS), which will directly or indirectly influence the findings of
this study.



Muhammad et al. BMC Complementary and Alternative Medicine 2013, 13:198

http://www.biomedcentral.com/1472-6882/13/198

Authors’ contributions

SIM, RBM and MI participated in the research design, animal modelling,
anatomical measurements, vaginal cytology, drafting the manuscript and all
the stages involved in the development of the study. AMS and ZAZ
participated in the preparation and interpretation of the histological slides,
IHC staining and its interpretations, and also in writing the manuscript and
its corrections. All authors read and approved the final manuscript.

Acknowledgements

The authors wish to thank the PadiBeras Nasional (BERNAS) rice company in
Malaysia for funding this research. We also wish to acknowledge the help of
staff of the veterinary histopathology for their kind assistance.

Author details

1Laboratory of Molecular Biomedicine, Institute of Bioscience, Universiti Putra
Malaysia, Serdang, Selangor 43400 UPM, Malaysia. “Department of Nutrition
and Dietetic, Faculty of Medicine and Health Sciences, Universiti Putra
Malaysia, Serdang, Selangor 43400 UPM, Malaysia. *Department of Radiology,
Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang,
Selangor 43400 UPM, Malaysia. “Department of Veterinary Pathology, and
Microbiology, Faculty of Veterinary medicine, Universiti Putra Malaysia,
Serdang, Selangor 43400 UPM, Malaysia. *Department of pre-clinical studies,
Faculty of Veterinary Medicine, Universiti Putra Malaysia, Serdang, Selangor
43400 UPM, Malaysia. ®Department of Pharmacology and Toxicology, Faculty
of Veterinary Medicine Usmanu Danfodiyo University, Sokoto state PMB 2346,
Nigeria.

Received: 15 February 2013 Accepted: 26 July 2013
Published: 30 July 2013

References

1. J-N HO, M-E SON, W-C LIM, S-T LIM, H-Y CHO: Anti-obesity effects of
germinated brown rice extract through down-regulation of lipogenic
genes in high fat diet-induced obese mice. Biosci Biotechnol Biochem
2012, 76(6):1068-1074.

2. Oh C-H, Oh S-H: Effects of germinated brown rice extracts with
enhanced levels of GABA on cancer cell proliferation and apoptosis.

J Med Food 2004, 7(1):19-23.

3. Itoh M, Nishibori N, Sagara T, Horie Y, Motojima A, Morita K: Extract of
fermented brown rice induces apoptosis of human colorectal
tumor cells by activating mitochondrial pathway. Phytother Res 2012,
26(11):1661-1666.

4. Imam MU, Azmi NH, Bhanger MI, Ismail N, Ismail M: Antidiabetic properties
of germinated brown rice: a systematic review. Evid-Based Compl Alt 2012,
2012. doi:10.1155/2012/816501

5. Kayahara H, Tsukahara K Tatai T, Spanier A, Shahidi F, Parliment T, Mussinan
C, Ho C, Contis E: Flavor, health and nutritional quality of pre-germinated
brown rice. In Food flavors and chemistry: advances of the new millennium
Proceedings of the 10th International Flavor Conference, Paros, Greece, 4-7 July
2000: 2001. United Kingdom: Royal Society of Chemistry; 2001:546-551.

6.  Saikusa T, Horino T, Mori Y: Distribution of free amino acids in the rice
kernel and kernel fractions and the effect of water soaking on the
distribution. J Agric Food Chem 1994, 42(5):1122-1125.

7. Jeon T, Hwang S-G, Lim BO, Park DK: Extracts of Phellinus linteus grown
on germinated brown rice suppress liver damage induced by carbon
tetrachloride in rats. Biotechnol Lett 2003, 25(24):2093-2096.

8. Mohd Esa N, Abdul Kadir K-K, Amom Z, Azlan A: Improving the lipid profile
in hypercholesterolemia-induced rabbit by supplementation of
germinated brown rice. J Agr Food Chem 2011, 59(14):7985-7991.

9. Zhang R, Lu H, Tian S, Yin J, Chen Q, Ma L, Cui S, Niu Y: Protective effects
of pre-germinated brown rice diet on low levels of Pb-induced learning
and memory deficits in developing rat. Chem Biol Interact 2010,
184(3):484-491.

10. Arora K, Gupta N, Singh R, Nagpal S, Arora D: Role of free radicals in
menopausal distress. J Clin Diagn Res 2009, 3:1900-1902.

11. Warren MP, Shortle B, Dominguez JE: Use of alternative therapies in
menopause. Best Pract Res Clin Obstet Gynaecol 2002, 16(3):411-448.

12. Herrington DM, Pusser BE, Riley WA, Thuren TY, Brosnihan KB, Brinton EA,
MaclLean DB: Cardiovascular effects of droloxifene, a new selective
estrogen receptor modulator, in healthy postmenopausal women.
Arterioscler Thromb Vasc Biol 2000, 20(6):1606-1612.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34,

Page 8 of 9

Morimoto LM, White E, Chen Z, Chlebowski RT, Hays J, Kuller L, Lopez AM,
Manson J, Margolis KL, Muti PC: Obesity, body size, and risk of
postmenopausal breast cancer: the Women'’s Health Initiative

(United States). Cancer Causes Control 2002, 13(8):741-751.

Ross RK, Paganini-Hill A, Wan PC, Pike MC: Effect of hormone replacement
therapy on breast cancer risk: estrogen versus estrogen plus progestin.
J Natl Cancer Inst 2000, 92(4):328-332.

Prelevic G, Kocjan T, Markou A: Hormone replacement therapy in
postmenopausal women. Minerva Endocrinol 2005, 30(1):27.

Lowe G: Hormone replacement therapy and cardiovascular disease:
increased risks of venous thromboembolism and stroke, and

no protection from coronary heart disease. J Intern Med 2004,
256(5):361-374.

Emons G, Huschmand-Nia A, Krauss T, Hinney B: Hormone replacement
therapy and endometrial cancer. Onkologie 2004, 27(2):207-210.

Rao CV, Wang C-X, Simi B, Lubet R, Kelloff G, Steele V, Reddy BS:
Enhancement of experimental colon cancer by genistein. Cancer Res
1997, 57(17):3717-3722.

Allred CD, Allred KF, Ju YH, Goeppinger TS, Doerge DR, Helferich WG: Soy
processing influences growth of estrogen-dependent breast cancer
tumors. Carcinogenesis 2004, 25(9):1649-1657.

Allred CD, Allred KF, Ju YH, Clausen LM, Doerge DR, Schantz SL,

Korol DL, Wallig MA, Helferich WG: Dietary genistein results in larger
MNU-induced, estrogen-dependent mammary tumors following
ovariectomy of Sprague-Dawley rats. Carcinogenesis 2004,
25(2):211-218.

Eldrige S, Butterworth BE, Goldsworthy TL: Proliferating cell nuclear
antigen: a marker for hepatocellular proliferation in rodents. Environ
Health Perspect 1993, 101(Suppl 5):211.

Foley J, Ton T, Maronpot R, Butterworth B, Goldsworthy TL: Comparison of
proliferating cell nuclear antigen to tritiated thymidine as a marker of
proliferating hepatocytes in rats. Environ Health Perspect 1993,

101(Suppl 5):199.

Li S: Relationship between cellular DNA synthesis, PCNA expression and
sex steroid hormone receptor status in the developing mouse ovary,
uterus and oviduct. Histochemistry 1994, 102(5):405-413.

Kelman Z, Hurwitz J: Protein-PCNA interactions: a DNA-scanning
mechanism? Trends Biochem Sci 1998, 23(7):236-238.

Tsurimoto T: PCNA, a multifunctional ring on DNA. Biochim Biophys Acta
1998, 1443(1-2):23.

Sani IM, Igbal S, Chan KW, Ismail M: Effect of acid and base catalyzed
hydrolysis on the yield of phenolics and antioxidant activity of
extracts from Germinated Brown Rice (GBR). Molecules 2012,
17(6):7584-7594.

Rozan P, Kuo Y-H, Lambein F: Free amino acids present in commercially
available seedlings sold for human consumption. A potential hazard for
consumers. J Agric Food Chem 2000, 48(3):716-723.

Azlan A, Ismail M, Abdul Hamid A: Extraction and determination of
oryzanol in rice bran of mixed herbarium UKMB: AZ 6807: MR 185, AZ
6808: MR 211, AZ6809: MR 29. ASEAN Food J 2008, 15(1):89-96.

Usuki S, Ito Y, Morikawa K, Kise M, Ariga T, Rivner M, Yu RK: Effect of pre-
germinated brown rice intake on diabetic neuropathy in streptozotocin-
induced diabetic rats. Nutr Metab 2007, 4(1):25.

Genazzani AR, Stomati M, Bernardi F, Luisi S, Casarosa E, Puccetti S,
Genazzani AD, Palumbo M, Luisi M: Conjugated equine estrogens
reverse the effects of aging on central and peripheral
allopregnanolone and beta-endorphin levels in female rats. Fertil
Steril 2004, 81:757-766.

Lai M-D, Lee L, Cheng K, Wing L: Expression of proliferating cell nuclear
antigen in luminal epithelium during the growth and regression of rat
uterus. J Endocrinol 2000, 166(1):87-93.

Canpolat L, Oezercan |, Bozlak N, Dogan C: Immunohsitochemical Study
on the PCNA-Immunoreactivity in the Uterus of Rats Ovariectomized or
Treated With Antiestrogen Clomiphene Citrate. Turk J Med Sci 1999,
29:393-400.

Aidoo A, Bishop ME, Shelton SD, Lyn-Cook LE, Chen T, Manjanatha MG:
Effects of daidzein, genistein, and 17B-estradiol on 7, 12-dimethylbenz
[a] anthracene-induced mutagenicity and uterine dysplasia in
ovariectomized rats. Nutr Cancer 2005, 53(1):82-90.

Zaid SS, Sulaiman SA, Sirajudeen KN, Othman NH: The effects of Tualang
honey on female reproductive organs, tibia bone and hormonal profile


http://dx.doi.org/10.1155/2012/816501

Muhammad et al. BMC Complementary and Alternative Medicine 2013, 13:198 Page 9 of 9
http://www.biomedcentral.com/1472-6882/13/198

in ovariectomised rats-animal model for menopause. BMC Complement
Altern Med 2010, 10(1):82.

35. Hafez E, Jainudeen M, Rosnina Y: Physiology of reproduction. In
Reproduction in Farm Animals. 7th edition. Lippincott Baltimore, USA:
Williams & Wilkins; 2000:28-54.

36. Romero V, Dela Cruz C, Pereira O: Reproductive and toxicological effects
of isoflavones on female offspring of rats exposed during pregnancy.
Anim Reprod 2008, 5(3-4):83-89.

37. Liske E, Hanggi W, Henneicke-von Zepelin H-H, Boblitz N, Wiistenberg P,
Rahlfs V: Physiological investigation of a unique extract of black cohosh
(Cimicifugae racemosae rhizoma): a 6-month clinical study demonstrates
no systemic estrogenic effect. J Womens Health Gend Based Med 2002,
11(2):163-174.

38. Tsai K-D, Lin J-C, S-m Y, Tseng M-J, Hsu J-D, Lee Y-J, Cherng J-M: Curcumin
protects against UVB-induced skin cancers in SKH-1 hairless mouse:
analysis of early molecular markers in carcinogenesis. Evid-Based Compl
Alt 2012, 2012. doi:10.1155/2012/593952

39. Sandow BA, West NB, Norman RL, Brenner RM: Hormonal control of
apoptosis in hamster uterine luminal epithelium. Am J Anat 1979,
156(1):15-35.

40. Sato T, Fukazawa Y, Kojima H, Enari M, Iguchi T, Ohta Y: Apoptotic cell
death during the estrous cycle in the rat uterus and vagina. Anat Rec
1997, 248(1):76-83.

41, Smith M, Freeman M, Neill J: The control of progesterone secretion
during the estrous cycle and early pseudopregnancy in the rat:
prolactin, gonadotropin and steroid levels associated with rescue of the
corpus luteum of pseudopregnancy. Endocrinology 1975, 96(1):219-226.

42. Sawaddiwong R, Jongjareonrak A, Benjakul S: Phenolic content and
antioxidant activity of germinated brown rice as affected by germination
temperature and extraction solvent. KMITL Sci J 2008, 8:45-49.

43, Latifah SY, Armania N, Tze TH, Azhar Y, Nordiana AH, Norazalina S,
Hairuszah |, Saidi M, Maznah [: Research Germinated brown rice (GBR)
reduces the incidence of aberrant crypt foci with the involvement of
B-catenin and COX-2 in azoxymethane-induced colon cancer in rats.
BMC Nutr J 2010, 9:16. doi:10.1186/1475-2891-9-16

44. Hagiwara H, Seki T, Ariga T: The effect of pre-germinated brown rice
intake on blood glucose and PAI-1 levels in streptozotocin-induced
diabetic rats. Biosci Biotechnol Biochem 2004, 68(2):444-447.

45, Imam MU, Musa SNA, Azmi NH, Ismail M: Effects of white rice, brown rice
and germinated brown rice on antioxidant status of type 2 diabetic rats.
Int J Mol Sci 2012, 13(10):12952-12969.

46. Hayakawa T, Suzuki S, Kobayashi S, Fukutomi T, Ide M, Ohno T, Ohkouchi M,
Taki M, Miyamoto T, Nimura T: Effect of pre-germinated brown rice on
metabolism of glucose and lipid in patients with diabetes mellitus type
2. J Jpn Assoc Rural Med 2009, 58(4):438-446.

47. Opassiri R, Pomthong B, Onkoksoong T, Akiyama T, Esen A, Cairns JRK:
Analysis of rice glycosyl hydrolase family 1 and expression of Os4bglu12
B-glucosidase. BMC Plant Biol 2006, 6(1):33.

doi:10.1186/1472-6882-13-198

Cite this article as: Muhammad et al: Germinated brown rice and its
bioactives modulate the activity of uterine cells in oophorectomised
rats as evidenced by gross cytohistological and immunohistochemical
changes. BMC Complementary and Alternative Medicine 2013 13:198.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://dx.doi.org/10.1155/2012/593952
http://dx.doi.org/10.1186/1475-2891-9-16

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Experimental animals
	GBR, drugs and chemicals
	Extract and drug preparation
	Surgical procedure
	Grouping and dosing
	Vaginal cytology
	Sacrifice, tissue sectioning and histology
	Immuno-peroxidase
	Statistical analysis

	Results
	Uterine weight and length
	Vaginal cytology
	Histology
	Immunohistochemistry

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

