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Abstract. – OBJECTIVE: The most prevalent 
endocrinopathy in women is polycystic ovari-
an syndrome (PCOS). Multiple gene abnormali-
ties like Ar, Cyp19a1, Hsd3b1, Srd5a1, Bcl-2, and 
Bax genes are associated with PCOS. Herein, the 
PCOS model was induced by oral administration 
of dehydroepiandrosterone (DHEA). Metformin 
(Met) is one of the most common drugs affecting 
the most relevant genes involved in PCOS devel-
opment but with unwanted side effects. Natural 
treatments have been known for their safer ef-
fects. Spirulina (SP) is a type of blue-green al-
gae that contains nutrients and compounds that 
would treat PCOS and lower the possible side ef-
fects of Met in combination therapy. We aim to 
evaluate the clinical effectiveness and safety of 
SP on PCOS by multi confirmatory tests and to 
demonstrate its effects on regulating the expres-
sion of multiple genes that are responsible for 
the occurrence of PCOS in comparison to Met. 

MATERIALS AND METHODS: Herein, sixty 
adult female Wistar albino rats were subdivided 
into equal six groups with 10 rats in each group. 
All drugs were given orally once daily for one 
month. The expression of Ar, Cyp19a1, Hsd3b1, 
Srd5a1, Bcl-2, and Bax genes, were examined by 
quantitative real-time PCR (qRT-PCR). 

RESULTS: The present study showed that SP 
has a remarkable effect on the reduction of the 
development of PCOS by regulating the expres-
sion of the examined genes. As a result, it may 
be a useful therapy alternative for PCOS com-
plications, symptoms, and infertility as well. 

CONCLUSIONS: Collectively, SP is considered 
a promising therapeutic drug in the treatment of 
PCOS-like symptoms induced by DHEA.

Key Words:
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histochemistry.

Introduction

Polycystic ovarian syndrome (PCOS) is the 
prevalent heterogeneous endocrinopathy con-
dition affecting women1. According to PCOS 
Awareness Month September 2021, PCOS is one 
of the most likely reasons for infertility affecting 
as much as 20% of women between the ages of 18 
and 44, and at the same time, there is currently no 
known cure2. PCOS is a complex, polygenic syn-
dromic disease. It has been attributed to several 
genes that have direct or indirect effects on fertil-
ity3. Thus, it is important to do such studies that 
detect the clear PCOS genetic association which 
would be affected by new suggested treatments. 
Herein, the novelty is addressing the potential 
effect of SP on the major PCOS-related prob-
lems. Like the relationship between apoptosis of 
granulosa cells and follicle development arrest, 
and hormonal disturbance abnormality in PCOS. 
Therefore, SP could be considered as an import-
ant treatment suggestion for PCOS. 

Many biochemical pathways have been in-
volved in the pathogenesis of PCOS. Several 
genes have been tested including genes involved 
in steroidal hormone biosynthesis and metabo-
lism, such as the androgen receptor (Ar) gene. 
Some researchers consider that androgen excess 
is an essential condition of PCOS. This is accor-
dant with the theory that androgens determine the 
characteristic features of the syndrome4. More-
over, the occurrence of female pattern hair loss 
in women with PCOS is associated with the hy-
droxy-delta-5-steroid dehydrogenase, 3 beta- and 
steroid delta-isomerase 1 (Hsd3b1) gene expres-
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sion5. Although the genetic etiology of PCOS ap-
pears to be unclear the steroid 5 Alpha-Reductase 
(Srd5a1) activity in polycystic ovaries supported 
the hypothesis that the Srd5a1 gene produces hy-
perandrogenism and play an important function 
in the syndrome pathogenesis6. The aromatase 
cytochrome P450 (Cyp19a1) gene (encoding the 
aromatase enzyme) may have a key role in the 
PCOS pathogenesis since it has been linked the 
hyperandrogenism development in PCOS7. 

The ovarian cycle is marked by significant 
tissue remodeling, in which 99% of mammalian 
follicles fail to ovulate and become atretic as a 
result of hormonally induced apoptosis8. Several 
members of the Bcl-2 gene family may act as in-
tracellular cell survival mediators. The anti- and 
pro-apoptotic factors produced by the Bcl-2 and 
Bax genes, respectively, have been described9-11. 
In addition, the BCL-2 family protein members 
are implicated in the ovarian follicles atresia with 
significant value in PCOS development8.

According to the previously mentioned facts, 
investigators suggested that multidisciplinary 
therapy should be considered for PCOS compli-
cations, metabolic and psychological aspects set 
of symptoms, including reproductive function 
and follicles atresia12. 

Initially, in the 1990s, Met was the first-line 
oral treatment for type 2 diabetes and was in-
dicated to reduce testosterone levels in wom-

en with PCOS. Met is used to treat PCOS in 
women. It can control ovarian functions, raise 
the blood concentration of sex hormone-binding 
globulin (SHBG), and decline the androgens 
levels13,14. The trouble associated with Met is the 
elevation of homocysteine levels in PCOS pa-
tients that have been linked to an increased risk 
of cardiovascular disease15. Met has also been at-
tributed to different side effects such as nausea, 
vomiting, and gastrointestinal disturbance16. To 
prevent adverse side effects of chemical medi-
cations, researchers studied another promising 
treatment for PCOS.

Natural products such as SP extracts con-
tribute to nutritional requirements, stimulate 
the endocrine system, and intermediate nutrient 
metabolites17. SP is a filamentous, tiny cyano-
bacterium that gets its name from the spiral or 
helical shape of its filaments. It has been used 
for a long time as a safe dietary supplement that 
has been eaten for centuries due to its high nu-
tritional value and its anticipated health benefits 
driven by its antioxidant and anti-inflammatory 
properties. It was found to be enriched with 
vitamins, nutrients, antioxidants, proteins, pig-
ments, minerals etc., and also was reported to 
be effective in the treatment of type 2 diabetes18.

Here we conducted a study to evaluate the clini-
cal effectiveness and safety by comparing SP with 
Met administrated by DHEA-induced PCOS rats.

Graphical Abstract. Spir-
ulina therapeutic potentiality 
in polycystic ovarian syn-
drome management using 
DHEA-induced rat model. 
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Materials and Methods

Drugs and Chemicals
SP® tablets were purchased from Puritan’s 

Pride Company, Inc. (Oakdale, NY, USA) Each 
tablet contained 500 mg of the active ingredient. 
The drug was ground and administrated orally 
as a fresh suspension in 0.9% saline. DHEA® 
tablets were bought from Puritan’s Pride Com-
pany, Inc. (Oakdale, NY, USA). Each DHEA pill 
contained 60 mg of the active ingredient. The 
drug was ground and administrated orally as a 
fresh suspension in sesame oil obtained from El 
Captain Pharmaceutical Company (Cairo, Egypt). 
Metformin hydrochloride® was purchased from 
GlaxoSmithKline pharmaceutical company (Cai-
ro, Egypt).

Experimental Animals and Study Design
Sixty adult female Wistar albino rats (70-80 

days old and 120 ± 20 g body weight) were at-
tained from the National Cancer Institute (NCI) 
animal house, Cairo University (CU) (Cairo, 
Egypt). Also, animals’ general care and housing 
were approved at (NCI) animal house according 
to the experiment Ethics of living animals’ re-
search in association with the recommendation 
of the Institutional Animal Care and Use Com-
mittee (IACUC) (publication No. 85-23 revised 
1985). Animals were retained in stainless steel 
cages at room temperature 25 ± 5 °C. All the rats 
were kept under a 10/14 h dark/light cycle and 
fed with standard laboratory food pellets and 
tap water. Rats were separated into six groups, 
each of 10 rats, as follows: 1) Control group: rats 
were given the vehicle. 2) Met-group: rats treat-
ed with 300 mg/kg b.wt/day of Met. 3) SP-group: 
rats treated with 300 mg/kg b.wt/day of SP. 4) 
PCOS-group: rats treated orally with 60 mg/kg 
b.wt/day of DHEA. 5) PCOS+Met-group: rats 
treated with 60 mg/kg b.wt/day of DHEA and 
300 mg/kg b.wt/day of Met. 6) PCOS+SP-group: 
rats treated with 60 mg/kg b.wt/day of DHEA 
and 300 mg/kg b.wt/day of SP. The drugs were 
administrated orally for one month. The treat-
ment duration of DHEA was one month because 
the actual number of follicular cysts is occurring 
in ovaries in 20-30 days19. The route of adminis-
tration of DHEA was oral according to Kavitha 
et al20. Rats were administrated DHEA followed 
by SP or Met 1 hour later. The dose of Met was 
chosen according to Furat Rencber et al21 and 
that of SP was chosen according to Karaca and 
Şimşek22.

Estrous Cycle Monitoring
According to Mahmoud et al23, the estrous cy-

cle of all rats was checked daily before treatment 
using vaginal smears to demonstrate normal cy-
clicity. Furthermore, according to Westwood24, the 
estrous cycle was tiered depending on vaginal cell 
shape. Daily vaginal smears were also collected 
during the trial to validate the model’s occurrence 
and assess the effect of SP on PCOS animals.

Samples Collection
When the experiment is finished, animals were 

sacrificed at the diestrous stage. Blood was drawn 
and centrifuged for 15 min at 3000 rpm. For the 
biochemical assay, the serum was kept at -20°C. 
The ovaries were excised, blotted, and weighed. 
The left ovaries were left to the histological and 
immunohistochemical studies, while the right 
ones were left to the molecular studies. The body-
weight of all rats was recorded at the beginning 
and end of the experiment for the determination 
of body weight changes. 

Biochemical Assay
To evaluate ovarian function after treatment 

with DHEA, serum luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), estradiol 
(E2), testosterone, and aromatase were quanti-
fied by Elabscience® ELISA Kits (Houston,Texas, 
USA) according to the manufacturer’s instruc-
tion on a Cobas® e601 immunoassay analyzer 
(Roche-Hitachi Diagnostics, Mannheim, Germa-
ny). 

RNA Isolation and qRT-PCR
The total cellular RNA from ovarian tissue 

was purified using Invitrogen™ TRIzol™ Reagent 
(Invitrogen™ 15596018 Corporate entity: Life 
Technologies Corporation, Carlsbad, CA, USA; 
Toll-Free in USA 1 800 955 6288) and reversely 
transcribed to cDNA using Applied Biosystems™ 
High-Capacity cDNA Reverse Transcription Kit 
(Corporate entity Life Technologies Corporation, 
Carlsbad, CA, USA; Toll-Free in USA 1 800 
955 6288). The qRT-PCR was performed using 
Applied Biosystems PowerUp™ SYBR™ Green 
Master Mix (Thermo Fisher Scientific Baltics 
UAB, Vilnius, Lithuania) according to the man-
ufacturer’s instruction on Applied Biosystems 
Step One™ Real-Time PCR System (Foster City, 
CA, USA). The sequences of the forward and 
reverse primers for Ar, Hsd3b1, Srd5a1, Cyp19a1, 
Bcl2, Bax, and Gapdh are shown in Table I. The 
primers were designed using the Primer-BLAST 
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tool available from the NCBI website (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/). All 
samples were examined in duplicate. The CT val-
ues were obtained for all genes and normalized 
to Gapdh. All of the CT values were in the linear 
range of detection. The 2−ΔΔCT method was used to 
determine the relative expression of target genes. 

Histological and 
Immunohistochemical Assays

Left ovaries were fixed with 10% buffered 
formalin solution at room temperature for 24 
hours. After that, samples were dehydrated in 
ethanol ascending ranks, cleared in terpineol, 
and then embedded in paraffin wax. Hematoxylin 
and eosin were used to stain paraffin sections (5 
μm thick). To evaluate ovarian follicles, 10 serial 
sections of the rat’s ovary from each group were 
examined for differential follicle numbers at 100 
X. Follicles were categorized according to Luo 
et al25 into the primordial follicle, in which an 
oocyte is surrounded by a layer of squamous 
granulosa cells; primary follicles, with the oocyte 
surrounded by a single layer of cuboidal gran-
ulosa cells; secondary follicles, with more than 
one layer of cuboidal granulosa cells, but with 
no visible antrum; antral (tertiary) follicles which 
have a clearly defined antral space and cumulus 
granulose cell layer; Graafian follicles with a 
large antrum, cornora radiate, and cumulus oo-
phorous; corpora lutea which are formed only 
after ovulation, and more filled with lutein cells; 
and atretic follicles with abnormal structures 
such as inspissating follicular fluid, degenerating 
egg, thickening granulose layers or filling with 
organizing fibrinous material in the antrum.

Ovarian immunohistochemical analysis was 
performed on paraffin sections (5 μm thick) us-
ing a streptavidin-biotin complex (ABC) meth-
od26. The following primary antibodies were 
used: anti-KI-67 (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA), anti-BCL-2 (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), and an-
ti-ER-β (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA). The secondary antibody used in all 
cases was biotinylated goat anti-mouse/rabbit 
(Ig, Duet kit Dako, Agilent Technologies, Santa 
Clara, CA, USA). Brown coloration indicated 
positive immunoreactions. Sections incubated 
without primary antibodies were considered as 
negative controls. The immunohistochemical 
evaluation of BCL-2 and ER-β was done by 
semi-quantitative scoring analysis (H) as de-
scribed by Mahamed et al27. In all groups, KI-67 
expression was measured as a % of positively 
stained cells, with at least 500 cells counted per 
animal in all cases. A camera linked to a Lei-
ca DM LS2 microscope (Leica Microsystems, 
Wetzlar, Germany) was used to photograph all 
sections.

Statistical Analysis
Mean values and the standard error were re-

ported as numerical data. All statistical analyses 
were performed using GraphPad Prism (version 
5.0, GraphPad Software, San Diego, CA, USA). 
For a comparative analysis between the groups, 
data were evaluated statistically using one-way 
ANOVA followed by post hoc multiple compari-
sons (Tukey method). p-value < 0.05 was consid-
ered significant.

Table I. The sequences of the forward and reverse primers for Ar, Hsd3b1, Srd5a1, Cyp19a1, Bcl-2, Bax, and Gapdh.

             Gene Primer sequence

Ar Primer forward GGGGCAATTCGACCATATCTG
  Primer reverse CCCTTTGGCGTAACCTCCCTT
Hsd3b1 Primer forward CAGGGCCCAACTCCTACAAG
 Primer reverse AAGGCAAGCCAGTAGAGCAG
Srd5a1  Primer forward ATGGCCTTCGTGTCCATTGT
 Primer reverse AAAACCAGCGTCCTTTGCAC
Cyp19a1 Primer forward ATGGGGATTGGAAGTGCCTG
 Primer reverse TCATGAAGAAAGGGCGGACC
Bcl-2 Primer forward AGCATGCGACCTCTGTTTGA
 Primer reverse TCACTTGTGGCCCAGGTATG
Bax Primer forward GGGCCTTTTTGCTACAGGGT
 Primer reverse TTCTTGGTGGATGCGTCCTG
Gapdh Primer forward CTCATGACCACAGTCCATGC
 Primer reverse TTCAGCTCTGGGATGACCTT
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Results

Effect on Estrous Cycle and 
Body Weight

The daily vaginal smears showed a regular es-
trous cycle with a duration of 4-5 days and with 
all four phases in consecutive order in control 
rats, while they were significantly interrupted 
with a dominant estrous stage in PCOS rats. The 
treated PCOS rats with Met or SP showed mod-
erate restoration of the estrous cycle (Figure 1).

PCOS rats exhibited a significant increase in 
body weight gain in comparison with that of con-
trol rats (p < 0.01) at the end of the trial. On the 
other hand, the treatment of the PCOS group with 
Met or SP revealed a significant reduction in the 
body weight gain compared to the PCOS group 
(p < 0.001) (Figure 2A). 

Ovarian Gross Morphology and Weight
The ovaries of control, Met, and SP-treated 

rats exhibited normal mean ovarian weight (Fig-

Figure 1. Effect of SP and Met on estrous cycle duration in PCOS rats. Data are represented as mean ± SEM (n = 10). Values 
are expressed as means ± SEM. *Indicates the significant difference of Met-, SP, and PCOS-groups vs. the control group. **p 
< 0.01, ***p < 0.001. ♯Indicates the significant difference between PCOS+Met and PCOS+SP-groups vs. the PCOS-group. ♯♯ 

p < 0.01, ♯♯♯ p < 0.001.

Figure 2. Effect of SP compared to Met on the body and ovarian weights in PCOS-rats. A, body weight gain (gm). B, Ovarian 
weight (gm). Data are represented as mean ± SEM (n = 10). Values are expressed as means ± SEM. *Indicates the significant 
difference of Met-, SP-, and PCOS-groups vs. the control group. *p < 0.05, **p < 0.01. ♯Indicates the significant difference 
between PCOS+Met and PCOS+SP-groups vs. the PCOS-group. ♯♯♯p < 0.001.
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ure 2B) and a grape-like look with normal color, 
and size (Figures 3A, 3B, and 3C, respectively). 
On the other side, the ovaries of the PCOS group 
revealed a significant increase in their weights 
compared to the control group (Figure 2B), in 
addition to the appearance of large cystic follicles 
bulging from the ovarian surface (Figure 3D). 
The weight of ovaries of the PCOS rats treated 
with Met or SP was insignificantly decreased 

(p > 0.05) (Figure 2B), however, they had small 
cystic follicles in size and number on the surface 
(Figures 3E and 3F, respectively).

Histological Assessment
Ovarian histological examination of the control 

group displayed developmental various stages of 
follicles (Figure 4A, Table II). In PCOS rats, the 
ovarian sections showed a significant reduction in 

Figure 3. The effect of SP compared to Met on the ovarian gross morphology on PCOS rats. A, Control ovary showing normal 
color and size. B, Ovary treated with Met. C, Ovary treated with SP. D, Ovary of PCOS rats. E, Ovary of PCOS rats treated with 
Met. F, Ovary of PCOS rats treated with SP. Note the cystic follicle (arrows).

Figure 4. Photomicrograph showing the effect of SP compared to Met on ovarian histology on PCOS rats. A, Control ovary. B, 
Ovary treated with Met. C, Ovary treated with SP. D, Ovary of PCOS rats. E, Ovary of PCOS rats treated with Met. F, Ovary of 
PCOS rats treated with SP. GF: growing follicles; AF: Atretic follicles; CL: Corpora lutea; CF: Cystic follicle. Note the increase 
in the number of growing follicles and corpora lutea and the decrease in the cystic follicles in the number of differently treated 
PCOS rats compared to those of PCOS rats (magnification 200 ×).
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most of the growing follicle’s number and corpora 
lutea and a significant elevation in the number of 
atretic follicles related to the control; numerous 
large cystic follicles were also observed (Figure 
4D, Table II). However, the co-treatment of PCOS 
rats with Met or SP has a remarkable increase in 
most of the growing follicle’s number and a sig-
nificant decrease in both atretic and cystic folli-
cles count in comparison with those of PCOS rats 
(Figure 4E and 4F, respectively, Table II).

Immunohistochemical Assessment
The immunohistochemical results revealed 

that the cellular proliferation indicator (KI-67) 

% was significantly higher in granulose cells 
of the antral follicles in the control groups é 
[Figure 5 and Figure 6 (a-c)] compared to those 
of the PCOS group (Figure 5 and Figure 6d). 
Treatment of PCOS rats with SP showed a sig-
nificant surge in the KI-67 immunoexpression % 
in their antral follicle’s granulosa cells (Figure 5 
and Figure 6f). 

The antral follicles of the PCOS group showed 
a low immunoreactivity score to the anti-apoptot-
ic marker (BCL-2) in their granulosa layer com-
pared to those of the control groups (Figure 5 and 
Figure 7j). On the other hand, co-administration 
of the model group with SP exhibited higher im-

Values are expressed as means ± SEM. *Indicates the significant difference of Met-, SP-, and PCOS-groups vs. the control group. 
*p < 0.05, **p < 0.01, ***p < 0.001. ♯Indicates the significant difference between PCOS+Met and PCOS+SP-groups vs. the 
PCOS-group ♯p < 0.05, ♯♯p < 0.01.

Table II. Effect of SP on the follicular count of PCOS model.

  Control Met- SP- PCOS PCOS+Met- PCOS+SP- 
 Follicles group group group group group group

Primordial follicles 4.4 ± 0.25 3.4 ± 0.51 4.2 ± 1.18 2.2 ± 0.2*** 4.2 ± 0.38## 3.6 ± 0.25##

Primary follicles 3.0 ± 0.25 1.8 ± 0.38* 2.8 ±0.58 1.4 ± 0.25** 2.2 ± 0.2# 2.4 ± 0.25#

Secondary follicles 2.8 ± 0.2 3.0 ± 0.54 4.0 ± 0.63 2.6 ± 0.25 3.2 ± 0.38 3.6 ± 0.25#

Tertiary (antral) follicles 4.6 ± 0.25 3.2 ± 0. 2** 3.6 ± 0.4 1.8 ± 0.2*** 1.6 ± 0.51 1.4 ± 0.25
Graafian follicles 1.2 ± 0.2 0.6±0.25 0.6 ± 0.25 0.4 ± 0.25* 0.6±0.25 0.6 ± 0.25
Corpus luteum 14.4 ± 0.4 11.0 ± 1.09* 12.0 ± 0.32** 9.2 ± 0.58*** 10.2 ± 0.58## 11.6 ± 0.68##

Atretic follicles 3.0 ± 0.32 4.0 ± 0.77 4.0 ± 0.54 6.2 ±0.38*** 4.4 ± 0.25## 5.0 ± 0.32#

Cystic follicles – – – 1.6 ± 0.25*** 0.6 ± 0.25# 0.58 ± 0.22#

Figure 5. Effect of SP compared to Met on the immunohistochemical staining for KI-67, BCL-2, and ER-β in PCOS rats. 
Data are represented as mean ± SEM (n = 10). Values are expressed as means ± SEM. *Indicates the significant difference of 
Met-, SP-, and PCOS-groups vs. the control group. ***p < 0.001. ♯Indicates the significant difference between PCOS+Met and 
PCOS+SP-groups vs. the PCOS-group. ♯♯p < 0.01, ♯♯♯p < 0.001.
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Figure 6. Photomicrograph showing the effect of SP compared to Met on the immunohistochemical staining for KI-67 (a-f) in 
the ovaries of PCOS rats. a, Control ovary. b, Ovary treated with Met. c, Ovary treated with SP. d, Ovary of PCOS rats. e, Ovary 
of PCOS rats treated with Met. f, Ovary of PCOS rats treated with SP. The KI-67 positive cells (arrows) are indicated as brown 
color in the nuclei of granulosa cells. Note the decrease in KI-67 % in the PCOS model. The KI-67 % was increased in the PCOS 
group treated with SP (magnification 400 ×).

Figure 7. Photomicrograph showing the effect of SP compared to Met on the immunohistochemical staining for BCL-2 (g-l) 
in the ovaries of PCOS rats. g, Control ovary. h, Ovary treated with Met. i, Ovary treated with SP. j, Ovary of PCOS rats. k, 
Ovary of PCOS rats treated with Met. l, Ovary of PCOS rats treated with SP. The BCL-2 positive cells (*) are indicated as brown 
color in the cytoplasm of granulosa cells. Note mild BCL-2 immunoreactivity in PCOS-model. The BCL-2 immunoreactivity 
increased in PCOS-group treated with SP (magnification 400 ×).
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munoreactivity scores in their follicle’s granulosa 
cells (Figure 5 and Figure 7l) in comparison with 
those of PCOS rats. 

Examination of ovarian immunohistochemical 
sections stained for estrogen receptor-β (ER-β) 
showed a significant decline in immunoreactivi-
ty score in antral follicle’s granulosa cells of the 
PCOS group compared to control group follicles 
(Figure 5 and Figure 8p). The co-treatment of the 
model group with SP exhibited a significant in-
crease in the ER-β immunoexpression score com-
pared to the model group (Figure 5 and Figure 8r).

Biochemical Assay
The model group revealed a significant de-

crease in the values of serum FSH, whereas 
serum LH, E2, and testosterone concentrations 
were significantly increased in comparison with 
those of the control rats. The co-treatment of the 
PCOS group with Met or SP showed a significant 
improvement in all hormonal values (Figure 9). 
Moreover, the aromatase value was significantly 
decreased in the PCOS group in comparison with 
the control group. On the other hand, the co-treat-
ment of the model group with SP resulted in an 
improvement in this value in comparison with the 
model group (Figure 9).

Expression Pattern of Ar, Hsd3b1, 
Srd5a1, Cyp19a1, Bcl-2, and Bax in 
the Rat Ovaries of the Different Groups

In the present study, the profiling of target-
ed genes exhibited differential expression between 
comparable groups. In addition, the fold change of 
Ar, Hsd3b1, Srd5a1, Cyp19a1, Bcl-2, and Bax were 
analyzed as shown in Figure 10. The present study 
fold change analysis showed that Ar, Hsd3b1, Sr-
d5a1 genes expression elevated in the model group 
in comparison to the control group. However, the 
co-treated groups showed lower expression of these 
genes. On the other hand, in the model group, Cy-
p19a1 and Bcl-2 showed significantly lower expres-
sion than that of the control group. The co-treated 
group with SP showed higher Cyp19a1 and Bcl-2 
expression than the model group. Bax expression 
was statistically significantly higher in the model 
group than in the control, while co-treated PCOS 
group with SP exhibited lower Bax expression com-
pared to that of the model group (Figure 10).

Discussion

Hyperandrogenism, ovulation dysfunction, and/
or polycystic ovarian morphology are all symp-

Figure 8. Photomicrograph showing the effect of SP compared to Met on the immunohistochemical staining for ER-β (m-r) 
in the ovaries of PCOS rats. m) Control ovary. n, Ovary treated with Met. o, Ovary treated with SP. p, Ovary of PCOS rats. q, 
Ovary of PCOS rats treated with Met. r, Ovary of PCOS rats treated with SP. The ER-β positive cells (*) are indicated as brown 
color in the cytoplasm of granulosa cells. Note mild immunopositivity in ER-β in PCOS-model. The ER-β immunopositivity 
increased in PCOS-group treated with SP (magnification 400 ×).
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toms of PCOS. For the development of PCOS, 
a range of etiological foundations, including ge-
netic and environmental variables, have been 
postulated28. Researchers have shown that SP has 
various health benefits, therapeutic properties, 
and several other biological activities. To our 

knowledge, the present study is the first which 
aims at evaluating whether SP has a successful 
effect in modulating reproductive dysfunction in 
the DHEA-induced PCOS model. 

The vaginal smear is the main marker of ovar-
ian physiology. PCOS rats revealed an irregular 

Figure 9. Effect of SP compared to Met on the Biochemical markers (FSH, LH, E2, Testosterone, and aromatase) in PCOS-
rats. Data are represented as mean ± SEM (n = 10). Values are expressed as means ± SEM. * indicates the significant difference 
of Met-, SP-, and PCOS-groups vs. the control group. *p < 0.05, **p < 0.01, ***p < 0.001. ♯Indicates the significant difference 
between PCOS+Met and PCOS+SP-groups vs. the PCOS-group. ♯p < 0.05, ♯♯p < 0.01, ♯♯♯p < 0.001.

Figure 10. Effect of SP compared to Met on the gene expression profile of Ar, Hsd3b1, Srd5a1, Cyp19a1, Bcl-2, and Bax in 
PCOS-rats. Data are represented as mean ± SEM (n = 10). Values are expressed as means ± SEM. *Indicates the significant 
difference of Met-, SP-, and PCOS-groups vs. the control group. *p < 0.05, **p < 0.01. ♯Indicates the significant difference 
between PCOS+ Met and PCOS+SP-groups vs. the PCOS-group. ♯p < 0.05.
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cycle with a permanent estrous stage indicating the 
disruption of the ovulatory cycle. DHEA might di-
rectly affect reproductive phenotypes, e.g., it might 
increase the duration of the estrous phase29. Nah 
et al30 reported that SP enhances spermatogenesis 
and steroidogenesis in rats. In this study, the treat-
ment of PCOS rats with SP restored the estrous 
cycle regularity. Furthermore, the PCOS model 
exhibited a significant increase in body weight and 
ovarian weight in comparison with the control rat, 
which is consistent with the findings of Kim et 
al31 and Prabhu and Gopalakrishnan32. Treatment 
of PCOS-group with SP revealed a significant 
drop in the body weight gain and ovarian weight 
compared to the model. In 2020, DiNicolantonio 
et al33 found that the decrease in macrophage in-
filtration into visceral fat, prevention of hepatic fat 
formation, and reduction in oxidative stress are all 
mechanisms of action for SP. Overall, SP provides 
a variety of health advantages, including weight 
loss, dyslipidemia, and obesity. 

The histological ovarian analysis is a good 
feature to evaluate ovarian changes. In this study, 
the ovaries of PCOS rats showed a remarkable 
decline in all growing follicles and an increase 
in follicular atresia, in addition to the appear-
ance of numerous large cysts. These findings 
are well-matched with other previous reports34,35. 
Exogenous increase of DHEA level increases the 
androgen state in PCOS and leads to irregular 
follicular growth and elevation in follicular arte-
sia36. All these changes are attributed to a failure 
in the selection of dominant follicles, cessation of 
folliculogenesis, and inovulation37. 

Herein, SP treated PCOS group exhibited a 
marked recovery of ovarian tissue with the im-
provement in the follicular number and corpora 
lutea and a marked decrease in the number of 
atretic and cystic follicles. The more corpora lutea 
presence could be linked to changing of the estrous 
cycle to normal functioning38. Similarly, other au-
thors reported that SP improved the ovarian histo-
pathological alterations and has a protective effect 
in drugs-induced ovarian toxicity in rats39.

DHEA-induced PCOS animals showed high lev-
els of LH, LH/FSH ratio, and testosterone which 
serve as biomarkers to diagnose PCOS in women40, 
and these results supported the successful model-
ing. In the present study, SP supplementation to the 
PCOS animals showed a decrease in LH/FSH ratio 
and increment in FSH levels, which is maybe due to 
enhancing ovarian folliculogenesis. Also, the reduc-
tion of serum LH/FSH ratio can delay the progress 
of the disease by regulating the endocrine disorder41. 

The current DHEA supplementation resulted in a 
significant increase in testosterone level as reported 
by many researchers30,34. The PCOS rats treated 
with SP showed a decrease in testosterone level that 
may reflect diminished androgen biosynthesis in 
the ovary. In this work, the E2 level was decreased 
in the DHEA-treated group compared to the con-
trol one which was confirmed by some previous 
studies40. Where the treatment of the PCOS group 
with SP revealed a significant increase in E2 levels. 
This result is in agreement with the study done by 
Abdel-Aziem et al42, which reported that SP elevat-
ed the lower serum concentrations of E2 and FSH 
in ovarian dysfunctions induced by monosodium 
glutamate in mice. Our study revealed a significant 
decrease in serum aromatase in the DHEA-treat-
ed group compared to the control rats which is 
consistent with Ashraf et al43. They reported that 
the aromatase activity is lowered in PCOS, which 
promotes an increase in androgens. Aromatase 
(CYP19A1) is a key enzyme in the production of 
estradiol through testosterone aromatization44. It is 
responsible for keeping the homeostatic balance be-
tween androgens and estrogens in both sexes45. The 
decline in aromatase activity, which may be result-
ed from diminished response to FSH stimulation46 
leads to intraovarian disturbance in steroidogenesis, 
then ovarian androgen production and development 
of PCOS40. The observed increase in testosterone 
levels probably reflected the androgens accumula-
tion that confirms the decrease in aromatase level 
in our study. 

Individual genes, gene-gene interactions, and 
gene-environment interactions have all been 
linked to the development of PCOS3. To inves-
tigate the effect of SP on the underlying mech-
anism of increased androgen production, estro-
gen synthesis, and ovarian-steroidogenesis in the 
PCOS model, we examined the expression of the 
key genes involved in these mechanisms using 
qRT-PCR as an integral to the used tests in the 
present study. Overall, previous studies reported 
that analyzing ovarian follicles found higher lev-
els of Ar, Hsd3b1, and Srd5a1 mRNA in ovarian 
tissue of PCOS groups47-52. Our observations of 
increased Ar, Hsd3b1, Srd5a1 mRNA levels in 
the PCOS group than the PCOS group co-treated 
with SP supported the hopeful effect of SP in 
PCOS treatment. Furthermore, other researchers 
reported that the relative expression rate of Cy-
p19a1 mRNA in PCOS groups is lower than in 
non-PCOS groups53-55. The present study showed 
elevated Cyp19a1 mRNA in the SP-treated group, 
which supports the beneficial effect of SP in the 
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elevation of aromatase level after treatment as 
observed from our biochemical findings. 

Regarding the immunohistochemical observa-
tions, the current investigation showed that the 
expression of all the studied markers such as KI-
67, BCL-2, and ER-β was significantly lower in 
the PCOS group in comparison to the control. The 
significant decrease in KI-67 immunoexpression % 
in PCOS coincides well with the results of other re-
searchers who reported that proliferation is signifi-
cantly lower in the granulosa cells of PCOS animals 
compared to the control specimens56,57. Meanwhile, 
treatment of PCOS-model with SP showed a signif-
icant increase in KI-67 immunoreactivity % in their 
ovarian granulosa cells that reflects the increased 
number of granulosa cells after treatment. 

Follicular atresia is caused by apoptosis, which is 
crucial for the cyclical development and regression 
of follicles in the human ovary. BCL-2 is a member 
of the BCL-2 family and is one of the most import-
ant apoptosis regulators (anti-apoptotic protein). In 
the current work, we investigated an intense BCL-2 
immunoexpression in control follicles compared to 
the PCOS group as previously reported by Chi et 
al58. The immunoexpression of BCL-2 increased in 
the PCOS group treated with SP. This finding is co-
incident with El-Atrsh et al59, who reported that the 
treatment of Ehrlich solid tumor with SP increased 
BCL-2 immunoexpression. Moreover, the fact that 
immunohistochemical investigations identify stain-
ing in each follicular stage may explain why varied 
expressions of BCL-2 were found utilizing immu-
nohistochemical assays. A possible dilution could 
take place when the total ovarian level of Bcl-2 was 
measured. Also, we found the findings supporting 
our results on the molecular level, as the Bcl-2 mR-
NA elevated in the SP-treated group. So, there is a 
great balance between the results of the multi-tested 
groups which confirm our study finding. Otherwise, 
Jahan et al60 reported that apoptosis is one of the 
harmful effects of reactive oxygen species (ROS) 
that resulted from the high oxidative profile and 
antioxidants imbalance in PCOS patients. Since SP 
has free radical scavenging activity (antioxidant) 
and antiapoptotic properties that prevent the cell 
injury and oxidation process in the body organs, it 
leads to an increase in BCL-2 immunoexpression. 

Based on the ovarian expression of Bax 
(pro-apoptotic protein) and Bcl-2 (anti-apoptotic 
protein), these genes are changed in the PCOS 
model induced by DHEA administration in rats61. 
Accordingly, the present study evaluated Bax on 
the molecular biological level. This gene showed a 
significantly higher Bax mRNA level in the PCOS 

group. On the other side, co-treatment with SP ex-
hibited a lower Bax mRNA level compared to the 
PCOS group.

Likewise, the current results revealed that the 
immuno-staining of ER-β in control rats was 
more intense than in PCOS rats. Our results 
are in accordance with other researchers, they 
reported that levels of ER-β protein expression 
were diminished in the cystic follicles granulosa 
layers of PCOS from a rodent model62 and PCOS 
patients63. Because ER-β is needed and essential 
for ovarian function, alterations in its activation 
or expression may have clinical consequences, 
such as infertility64. So, it is perhaps not surpris-
ing that ER-β is reduced in granulosa cells from 
the PCOS model. Moreover, there is evidence that 
suggests that in response to the increase of LH, 
ER can be down-regulated65 that confirming our 
hormonal results. The PCOS rats treated with SP 
revealed a significant increase in the immunore-
activity of ER-β compared to the PCOS model. 

Conclusions

The current research explored the mechanism 
behind the therapeutic action of SP compared to 
Met in the PCOS-rat model induced by DHEA. 
Our results determined that SP is as successful as 
Met through the enhancement of ovarian structure 
and function, enhancing of KI-67, BCL-2, ER-β 
immune-expression, in addition to the regulation of 
Ar, Hsd3b1, Srd5a1, Cyp19a1, Bcl-2, and Bax genes. 
Based on these findings, we believe that SP might 
be an effective therapy for PCOS. More research 
is needed to determine the SP concentration in the 
blood and its bioavailability. This study is limited 
to a single dose of SP; however, a dose-dependent 
study should be carried out to compare the effects of 
multiple SP doses in the PCOS treatment.
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