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Abstract 
Background: Having low-grade chronic inflammation such as elevated C-reactive 
protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) plays a cru-
cial role in polycystic ovary syndrome (PCOS). This study aimed at investigating the 
therapeutic effects of curcumin on IL-6, CRP and TNF-α and symptoms of polycys-
tic ovary syndrome. 
Methods: In this research, 72 female adult Wistar rats were divided into control 
(n=12), PCOS (n=12) and curcumin-treated PCOS groups (n=48). PCOS was in-
duced by injection of estradiol valerate (2 mg/kg- one-step). PCOS rats were divided 
into control and experimental groups which received daily intraperitoneal injection 
of curcumin. After 60 days of syndrome induction, ovaries were collected for histo-
logical and immunohistochemical evaluations. Serum IL-6 and CRP was detected by 
the ELISA kit. Data were analyzed using In-Stat 3 via one-way analysis of variance 
(ANOVA) and p<0.05 was considered statistically significant. 
Results: Histological studies showed a significant reduction in thickness of theca 
layer and increase in the number of corpus luteum (CL) diameter in the curcumin-
treated group compared with the PCOS group; also inflammatory markers such as 
IL-6 and CRP significantly decreased in groups treated with curcumin compared 
with PCOS groups. Regarding immunohistochemical analysis, the expression of 
TNF-α in granulosa layer and follicular fluid of follicles and ovarian cysts in PCOS 
group was more than the control group's expression. However, expression of this 
factor in the ovaries treated with curcumin was decreased. 
Conclusion: This study showed that the anti-inflammatory and antioxidant effects of 
curcumin on PCOS may be due to its inhibitory effect on expression and levels of 
TNF-α, serum IL-6 and CRP. 
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Introduction 
olycystic ovary syndrome (PCOS) is a very 
common, heterogeneous endocrine disorder 
which accounts for about three-quarters of  
 

all cases of anovulatory infertility. Patients with 
PCOS also have metabolic disorders such as insu-
lin resistance, dysfunction of beta cells in the pan-
creas, glucose intolerance, impaired lipid profile,  
 

 
 
 
 
and visceral obesity (1). The Rotterdam criteria 
were established to confirm diagnosis of PCOS in 
women who have at least two of the following 
symptoms; hyperandrogenism, polycystic ovaries 
and oligo- and/or anovulation (2). However, ther-
apy and diagnosis of PCOS showed a uniform 
treatment pattern, and the current recommenda-
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tions found in international literature have been 
widely implemented into clinical practice. In this 
study, PCOS was induced by estradiol valerate 
(EV). Administration of EV to adult rats leads to 
anovulation and cystic ovarian morphology. Stud-
ies showed that administration of EV during adult 
reproductive life disrupts cyclicity via activation 
of the sympathetic ovarian nerve and increased 
ovarian expression of norepinephrine (NE). Sym-
pathetic ovarian nerve denervation (SONX) over-
comes this disruption (3, 4). On histopathological 
assessment, polycystic ovaries contain increased 
numbers of follicles, hypertrophy and luteiniz-
ation of the inner theca cell layer, and a thickened 
ovarian tunica (5). Some studies on abnormal en-
docrine parameters like high insulin resistance, 
have indicated increasing concentrations of LH 
(Luteinising hormone), and hyperandrogenism, 
which may be associated with reduced fertiliza-
tion rate and abnormal embryonic development 
(6). Many studies have confirmed that in women 
with PCOS, a positive relationship exists among 
CRP values and insulin resistance, body weight 
and fatty mass. CRP, IL-6, IL-18 and TNF-α have 
been related to the risk of developing type 2 dia-
betes and cardiovascular diseases that are strongly 
associated with insulin resistance and body fat 
amount (7). Among the cytokines, IL-6 is a regu-
lator of inflammation and immunity, modulating 
the secretion of various cytokines, and promoting 
T-cell activation and B-cell differentiation (8). In 
patients with PCOS, circulating levels of TNF-α, 
IL-6, and CRP as well as white blood cell (WBC) 
count and neutrophil count have been found to be 
elevated compared with age- and/or body mass 
index (BMI)-matched controls (9). IL-6 plays an 
important role in ovarian maturation and implan-
tation process. IL-1β and TNF-α are important 
markers that influence ovulation and pregnancy. 
IL-1 secreted in follicle can regulate granulosa 
cells to synthesize prostaglandin and control the 
collagenase activity, which play a crucial role in 
ovulation (10). TNF-α is an inflammatory cyto-
kine that stimulates and proliferates follicular the-
ca cells; also, it plays an important role in regulat-
ing the normal activities of ovaries in follicular 
and lutein development stage. TNF-α is detected 
in macrophages, oocytes, granulosa cells, atresia, 
and theca cells. It has been shown that overex-
pression of this cytokine in human and rodent ad-
ipose tissue causes insulin resistance and rise in 
glucose levels (11). 

Curcumin  is a yellow polyphenol extracted from 
the rhizome of turmeric (Curcuma longa), a plant 
grown tropical Southeast Asia (12). Recent exper-
imental evidence demonstrated an anti-inflam-
matory, anti-diabetic, and anti-obesity role for 
curcumin in mouse models of obesity and diabetes 
(13). Studies have shown that increased calcium 
in cytosol may be due to an increase in reactive 
oxygen species (ROS).On the other hand, curcu-
min may inhibit the entry of calcium and protein 
kinase C through the effect anti-angiogenic and 
antioxidant (14). It can modulate the activation of 
T-cells, B-cells, macrophages, neutrophils, natural 
killer (NK) cells, and dendritic cells. These mo-
lecular evidences suggest that favorable effects on 
cancers might be due to direct anti-oxidative and 
anti-inflammatory effects, as well as the ability to 
modulate the immune systems (15). By inhibiting 
growth factor of vascular endothelial cells (VEGF), 
its specific receptor and angiogenesis, curcumin 
stops angiogenesis and prevents the formation of 
new blood vessels in tumor cells and their growth 
(16). 

Considering the importance of expression chang-
es of TNF-α signaling, IL-6 and CRP levels and 
also the effects of anti-inflammatory, antioxidant 
and anti-fibrotic of curcumin, expression of these 
cytokines was measured in samples of syndrome 
treated with curcumin compared with PCOS 
groups in this study. 
 

Methods 
Animals: A total number of 72 female Wistar rats, 

weighing approximately 170±20 gr were used in 
the current study. The animals were kept under 
standard laboratory conditions (12 hr light/dark 
cycle, 26–28C) which were preserved until the 
end of the investigation. Keeping the animals un-
der these situations had started 1 week before the 
study. Animal cages were kept clean, and food 
and water were given regularly every day. All ex-
periments in this study were performed by observ-
ing the guidelines for animal research issued by 
the National Institutes of Health and were ap-
proved by the Local Committee on Animal Re-
search (National Research Council, 1996). 

 

Study design and treatment: The rats were divided 
into three groups: the control group (n=12), the 
PCOS group (n=12) and the experimental (treat-
ed) group. For PCOS induction, the experimental 
group received 2 mg/kgBW estradiol valerate 
(Aboureihan, Iran) by intramuscular injection and 
in one step (17). After 60 days, using chloroform 
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3, rats were deeply anesthetized in order to ensure 
the induction of PCOS. Induction in rats was com-
pared with the control. The control group received 
no injection. To determine the appropriate amount 
of curcumin, the concentration of a substance that 
causes death in 50% of mice was considered 
LD50 (that is defined as the concentration of le-
thal dose causing death in 50% of mice), which in 
this probe, 2000 mg/kgBW curcumin was deter-
mined as the concentration of LD50. Curcumin is 
a lipophilic polyphenol and thus is insoluble in 
water, but it is readily soluble in organic solvents 
such as dimethyl sulfoxide (DMSO). A stock so-
lution of curcumin (Sigma) was prepared at 100 
mmol/L in DMSO. Therefore, concentrations of 
100, 200, 300, 400 mg/kg of body weight were 
selected as the treatment. After 14 consecutive 
days of treatment with curcumin, rats were killed 
by chloroform inhalation and ovarian samples 
were isolated. After getting ovary out of the rat 
body and removing excess tissues for histologic 
report and histochemistry techniques, it was 
placed in Bouin's Fixative and paraformaldehyde. 

 

IL-6 assay: According to the manufacturer’s in-
structions, serological analysis was performed to 
measure serum IL-6 levels and hormonal altera-
tions. IL-6 was determined by an ELISA (rat IL-6 
platinum ELISA®, Bender Medsystems, Austria). 
All samples were analyzed in one assay.  

 

Histological analysis: After molding with paraffin, 
ovarian samples were cut into slices with a diame-
ter of 6-7 mm and placed on glass slides coated 
with gelatin. Then, tissue samples were stained 
with hematoxylin–eosin and finally the number of 
follicle was examined by light microscopy at dif-
ferent stages of development and follicular layer 
thickness. 

After stabilization of ovarian samples, all three 
groups were kept in paraformaldehyde for 12 hr 
for qualitative evaluation of immunohistochemis-
try. The steps to the sample preparation in the in-
vestigation of the histology were similar until cut-
ting stage. The only difference was glass slides 
used for immunohistochemistry that were coated 
with 0.1% polylysine. After placing  the slides in 
incubator for 24 hr, paraffin was removed with 
xylene and it  was taken with  descending grades 
of alcohol, tissue sections for antigen retrieval, 
respectively in 10 mM citrate buffer with pH=6, 
were put for 20 min at temperature 90C. Then, to 
remove non-specific binding sites of the primary 

antibody, it was rinsed with PBS buffer water. 
Then, the slices with diluted TNF-α polyclonal 
antibody (50˸1) 4% PBS-BSA (Phosphate-buff-
ered saline- Bovine serum albumin) for 24 hr at 
4C were incubated in wet chambers. After wash-
ing in PBS, by placing the slides in a solution of 
hydrogen peroxidase 0.3% in methanol for 10 
min, inhibition of cell peroxidase activation hap-
pened. Next, the slides were washed and incubat-
ed with secondary antibody for TNF in one hour 
at room temperature in a humidified chamber. 
Detection was performed by the diaminobenzidine 
(DAB) dye and using immunohistichemistry ac-
cessory kit and forming a brown precipitate. Data 
analysis was carried out by using a light micro-
scope (Zeiss, Germany). For statistical analysis, 
image J, one-way ANOVA (Analysis of Variance) 
with post-hoc Tukey HSD (Honestly Significant 
Difference) test were used and p-value less than 
0.05 was considered significant and the corre-
sponding graphs were plotted using EXCEL pro-
gram. 

The H- score system was based on the propor-
tion and intensity of brown staining cells. For H -
score assessment, ten fields were chosen at ran-
dom at 400× magnification and the staining inten-
sity of each slide was scored as 0, 1, 2 or 3 corre-
sponding to the presence of negative, weak, in-
termediate or strong brown staining, respectively. 
The total number of cells in each field and the 
number of cells stained at each intensity were 
counted. The average percentage positive was cal-
culated and the following formula was applied: 
H-Score=(% of cells stained at intensity 1×1)+(% 
of cells stained at intensity 2×2)+(% of cells 
stained at intensity 3×3). H-score between 0 and 
300 was obtained where 300 was equal to 100% 
of tumor cells stained strongly (18). 
 

Results 
To investigate the morphological changes in rats, 

the animals in both the control and the PCOS 
group were weighted and then the results were 
examined. In addition to a significant increase in 
body weight of PCOS group compared to the con-
trol group (p<0.001), the increase in abdominal fat 
was also observed macroscopically compared to 
PCOS group. After intraperitoneal injection of 
curcumin for 14 days, abdominal fat tissue was 
modulated and reduced in body weight (p<0.001) 
(Table 1).  
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After killing the rats, taking blood from the 
heart, abdominal incisions and peritoneum, an 
attempt was made to remove the ovaries, super-
fluous fat and oviduct tubes and then the ovaries 
were weighed on sensitive scales (SARTORIUS- 
Germany). The mean of ovarian weight in PCOS 
group significantly increased compared to control 
group (p<0.01). Increasing the level of follicular 
fluid and ovarian stroma could lead to ovarian 
weight gain in the PCOS compared to the control 
group. However, the mean of ovarian weight in 
the treated samples (100 mg/kgBW) decreased in 
contrast to the PCOS group (p<0.001) (Table 1). 

The analysis of LH in PCOS and treated groups 
with curcumin (100 and 200 mg/kgBW) compared 
with the control group (p<0.001) was done, but at 
other doses of curcumin (300 and 400 mg/kgBW), 
decreased LH serum levels showed no significant 
change compared with the PCOS group. Com-
pared to the experimental group, testosterone and 
sex hormone level in PCOS showed significant 
difference (p<0.05, p<0.001) with curcumin. Re-
garding the result of the current study, testos-
terone and estradiol level in the experimental 
group did not show significant differences com-
pared to the PCOS group, but a sharp decline was 
reported. Evaluation of changes of FSH and the 
hormone progesterone showed a significant in-
crease (p<0.001, p<0.01, p<0.05) between the 
curcumin treated- PCOS and PCOS group com-
pared with the control group (Table 1). 

In order to determine the effect of curcumin on 
follicular development, regarding morphology, 
follicles were classified into six groups:  
1- primordial follicles (PMF), 2- primary follicles 
(PF), 3- pre-antral follicles, less than 600 µ (PAF), 
4- antral follicles, 600 to 1000 µ (AF), 5- cystic 
follicles (CF) and 6- corpus luteum (CL). In the 

ovaries of the PCOS, a large number of small fol-
licles and large cystic follicles with a thin granu-
losa layer were observed, which is the characteris-
tic of PCOS. On the other hand, corpus luteum 
was not observed in the PCOS group. In the con-
trol group, there was no ovarian cyst and corpus 
luteum was abundant indicating normal ovulation 
in this group. Therefore, reported observation 
confirmed the creation of the cyst and stopping of 
follicular development after 60 days of treatment 
with estradiol valerate, due to lack of normal ovu-

Table 1. Hormone concentrations, ovarian and body weight of rats in the control, PCOS and treated with curcumin groups (n=12). In all groups, control 
was compared with PCOS group and curcumin treated PCOS was compared with PCOS group 

 

Groups 
Ovarian 

weight (mg) 
Body weight 

(g) 
E2 (ng/ml) T (ng/ml) LH (ng/ml) P4 (ng/ml) FSH (ng/ml) 

Control 12.08±0.5 8.46±160.3 0.01±0.27  0.03±0.73  0.15±2.36  7.7±66.03  126.6±1644.76  
PCOS  0.15**±20.4 15***±217.6  0.05 ±0.63  0.3*±1.41  1.56***±8.16  1.76  ±31.12  13.3***±476.82  

Cucumin100 mg/kg BW  17.4±0.39*** 207±16.25***  0.04± 0.36  0.03 ±0.8  0.1***± 4  1.07**±35.69  29.81***±431.13  

Cucumin200 mg/kg BW  15.4±0.15 196±10.78*** 0.01±0.3 0.01±0.8  0.04*** ± 3.1  0.88*±47.36  13.05***±613.24  

Cucumin300 mg/kg BW  14.3±0.2 189.20±8.36*** 0.01±0.29 0.02±0.77  0.09±2.56  0.41±50.33  15.95**±1174.05  

Cucumin400 mg/kg BW  12.9±0.17 184.28±5.9*** 0.01±0.26 0.01± 0.7  0.01±2.39  0.2±53.95  44.97± 1591.21  
 
 

E2: 17β-estradiol; T: Testosterone; LH: Luteinizing Hormone; P4: Progesterone; FSH: Follicle Stimulating Hormone; PCOS: Polycystic Ovary Syndrome. 
***p<0.001, **p<0.01, *p<0.05  
 

Figure 1. Histological analysis of normal ovaries (A, D) 
compared with PCOS (B, E) and ovaries treated with 
curcumin (C, F). The morphological changes of the rats’ 
ovarian tissues were stained with hematoxylin and eosin, as 
described in the Materials and Methods section. A, D) A 
representative rat’s ovarian tissue section from the control 
group, which had normal appearance (A100,40). B, E) A 
representative rat’s ovarian tissue section from the PCOS 
group showed thickening surface albuginea, under which 
there were many follicles in different phases (including 
atretic follicles and cystic dilating follicles), as well as fewer 
layers of granular cells, disappeared oocytes and corona radi-
ating within the follicles (B×100, 40). C, F) A representative 
rat’s ovarian tissue section from the group treated with cur-
cumin, which showed increased granular cell layers, and 
some ovulation phenomena (C×100, 40) (Scale bar, 50 μm A, 
B, C), (Scale bar, 20 μm D, E, F). AF: atretic follicle, CF: 
cystic follicle (*), CL: corpus luteum, GCL: granular cell 
layer (∆), TCL: theca cell layer (→) 
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lation, cyst formation and normal follicular growth 
distribution (Figure 1). 

After treatment with curcumin, morphological 
studies showed that in a low amount of curcumin 
(100 mg/kgBW), a number of cysts with various 
sizes were observed. Raising the amount of cur-
cumin (200, 300, 400 mg/kgBW) in the treated 
ovaries, no cysts were observed and also the num-
ber of corpus luteum was increased which marked 
the beginning of ovulation. In PCOS group inject-
ed with curcumin (100 mg/kgBW), a significant 
increase in number of corpus luteum was ob-
served compared with PCOS group (p<0.001). In 
PCOS group treated with curcumin, the number of 
cysts and antral follicles was significantly reduced 
in comparison with PCOS group (p<0.001, p< 
0.01). In all groups treated with curcumin (200, 
300, 400 mg/kgBW), PCOS group manifested sig-
nificant increase in the number of primordial fol-
licles, preantral, and corpus luteum (Table 2). 

The diameter of follicles in the PCOS ovaries 
had a significant increase in the size of the folli-
cles among control group and PCOS group (p< 
0.001). There was a significant decrease in follicle 
size between the groups treated with curcumin 
(100 mg/kgBW) and PCOS group (p<0.001). 
Treatment with higher value of curcumin (200, 
300 and 400 mg/kgBW) despite the reduction in 

the size of the follicles was not considered signifi-
cant (Table 2). 

 

Changes in CRP: In this study, CRP changes in 
PCOS induced group as shown in table 3 caused a 
significant increase in the level compared with the 
control group. In the group treated with curcumin 
(100, 200, 400 mg/kgBW), systemic inflammation 
marker CRP decreased significantly compared 
with the PCOS group (p<0.001) (Table 3). 

 

IL-6 assay: In this study, PCOS induction led to a 
significant rise in IL-6 inflammatory index (p< 
0.001 vs. control rats). The effect of curcumin on 
the level of IL-6 in PCOS rats was examined for 
14 days after comparison with the PCOS group. 
The respective IL-6 levels in control group, PCOS 
and curcumin-treated PCOS rats (100, 200, 300, 
400 mg/kgBW) were 0.76, 0.67, 0.60 and 0/59 
pg/ml. The IL-6 level in curcumin-treated rats 
(200, 300 and 400 mg/kgBW) was reduced. Re-
sults showed that administration of curcumin sig-
nificantly reduced the IL-6 level in comparison 
with PCOS group (Table 3). 

 Immunolocalization of α-TNF: Considering the 
importance of the expression of TNF-α in stimu-
lating, proliferation and steroidogenesis in the 
ovarian follicle theca cells, this study examined 
the expression levels of TNF-α, in pre-antral and 
antral follicles which were observed in the gra-

Table 2. Morphometry of groups follicular and ovarian follicular diameter (μm) (n=12). In all groups, control was compared with PCOS 
group and curcumin treated PCOS was compared with PCOS group 

 

Groups PMF PF PAF AF CF  CL Follicle diameter 

control 45±0.1 20±0.1*** 29±0.1*** 18±0.1*** 0±0*** 10±0.1* 554±0.8*** 

PCOS 42±0.05 12±0.05 17±0.05 3±0.15 17±0.1 4±0.1 722±0.3 

Cucu100 mg/kg  48±0.1*** 14±0.1 20±0.15 9±0.15** 11±0.1*** 18±0.1*** 667±0.4*** 

Cucu200 mg/kg 51±0.05*** 15±0.11*** 25±0.1*** 10±0.11*** 10±0.1*** 19±0.1*** 621±0.3*** 

Cucu300 mg/kg 56±0.15*** 19±0.5*** 45±0.15*** 11±0.1*** 7±0.1*** 21±0.2*** 611±0.05*** 

Cucu400 mg/kg 66±0.2*** 21±0.1*** 46±0.1*** 14±0.05*** 1±0.1*** 25±0.1*** 598±0.2*** 
 

In polycystic ovary groups treated with curcumin, a significant increase in the number of follicle and decrease in the ovaries treated with low amount of 
curcumin was observed in all groups (except group of primordial follicles). In addition, there was a significant decrease in the number of ovarian cysts.  
PMF: Pri-Mordial Follicles; PF: Primary Follicles: PAF: Pre-Antral Follicles; AF: Antral Follicles; CF: Cystic Follicles; CL: Corpus Luteum.  
*** p<0.001, ** p<0.01, * p<0.05 
 

Table 3. The mean of H-score, IL-6 and CRP compared to the control group, PCOS and treated with curcumin (n=12)  
 

Groups Stroma Preantral Grannulosa Theca CRP (pg/ml) IL-6 (pg/ml) 
Control     115±2.6 12±2 11±3 10±2 0.175±.09* 0.597±0.008*** 
PCOS 137±2.5* 55±3.2*** 117±3.5*** 14±2.1*** 0.325±.007 0.771±0.006 
Cucu100 mg/kg 114±2.5 60±3 89±3.5*** 12±2* 0.26±.01*** 0.769±0.007 
Cucu200 mg/kg 92±4.1*** 45±2 57±5*** 16±2.3*** 0.179±.005*** 0.679±0.002*** 
Cucu300 mg/kg 105±2** 51±1 13±2*** 9±1.9 0.115±.006* 0.6±0.02*** 
Cucu400 mg/kg 101±1.5** 38±2.9* 22±2.5*** 10±2 0.065±.04*** 0.594±0.01*** 

 

*** p<0.001, ** p<0.01, * p<0.05 
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nulosa layer in PCOS ovaries. But in normal ova-
ries and the ones treated with curcumin, the 
expression of this factor in the granulosa layer of 
antral and pre-antral follicles was rarely compared 
to PCOS group (Figure 2). This enzyme is not ex-
pressed in the follicular theca but in follicular flu-
id, a brown precipitate is obvious. Expression lev-
els of TNF-α in several layers of ovarian follicular 
cells treated with curcumin showed reduction 
compared with PCOS group while granulosa lay-
ers in the pre-antral, antral follicles, and the cells 
surrounding the oocyte expressed less TNF-α 
(Figure 3). 

In PCOS group, strong immunoreactivity to 
TNF-α was observed in ovarian stroma, preantral 
follicles, and granulosa layer (p<0.001, p<0.05). 
Weak TNF-α expression was seen in theca layer 

(p<0.001) compared with the control group. TNF-
α expression in stromal cell in the curcumin-
treated PCOS group showed significant decrease 
(p<0.001, p<0.01, p<0.05) in comparison with 
PCOS. Also, immunostaining in the theca layer in 
curcumin-treated PCOS group was less intense 
than PCOS group (p<0.001, p<0.05). In curcumin-
treated PCOS group compared with PCOS group, 
TNF-α presented low expression in granulosa and 
preantral follicles (p<0.001, p<0.05) (Table 3). 
 

Discussion 
The overall aims of treatment for patients with 

PCOS are to induce ovulation for women desiring 
to conceive, to reduce androgen levels, body 
weight and long-term health risks of diabetes 
mellitus and cardiovascular disease (19). In gen-
eral, most women with PCOS have multiple small 
follicles in the ovary, which often quickly respond 
to injectable gonadotropin medications (20). In 
2003, Yildirim et al. suggested that the main pe-
ripheral and visceral fat thickness increases in 
PCOS. Women with PCOS have abnormalities in 
the metabolism of androgens and estrogen pro-
duction (21). Natali et al. suggested that the gra-
nulosa cells in follicular cysts of PCOS in women 
may be abnormal. In contrast, the strong staining 
seen with these methods in the theca layer, could 
be explained by the carbohydrates associated with 
the increased amount of collagen (22). The results 
of this study showed an increase in the thickness 
of the theca layer and a reduction in the thickness 
of granulosa cell layer in PCOS samples. It also 
confirmed a reduction in theca layer thickness and 
an increase in granulosa cells in patient samples 
treated with curcumin. Generally, increasing the 
amount of visceral fat led to an increase in the 
amount of TNFα in serum. Anna et al. reported 
that serum level of TNF- α was shown to increase 
in patients with PCOS, and may concur to deter-
mine a condition of low-grade inflammation elic-
iting an overproduction of IL-6 monocytes fol-
lowing microbial inflammatory stimulus (23). In 
order to investigate the possible relationship be-
tween IL-6, hyperandrogenemia and anthropomet-
ric or metabolic alterations on the one hand, and 
to gain further insight into the significance of 
PCOS related endocrine and metabolic abnormali-
ties, both IL-6 and CRP as parameters of chronic 
inflammation in PCOS rats were measured.  

Matthews et al. in 2001 showed that C-reactive 
protein (CRP) is associated with insulin resistance 
and as such increases both the risk of develop-

Figure 2. Photo micrographs of immunohistochemical ex-
pression of TNF-α in the primary and secondary follicles. (A) 
normal ovary; (B) strict expression of TNF-α is observable in 
these follicles in PCOS group; (C, D, E, F) TNF-α expression 
is restricted to blood vessels and ovary stroma (filled arrow) 
in curcumin groups (100, 200, 300, 400 mg/kg BW). Mag-
nification ×100 , (Scale bar, 25 μm) 

Figure 3. Photo micrographs of immunohistochemical ex-
pression of TNF-α in infolded layers and follicular fluid of 
Graafian follicles and cysts. A) Due to high levels of angio-
genesis, the density of follicular fluid, as well as TNF-α ex-
pression are high. The thick theca and granulosa layers in-
dicate high expression levels of TNF-α in PCOS group. B, C, 
D, F) decreased TNF-α expression levels in follicular fluid 
and granulosa layer in curcumin groups (100, 200, 300, 400 
mg/kgBW), Magnification ×40, (Scale bar, 20 μm). Granular 
cell layer (→), follicular liquid of Graafian follicle (∆) 
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ment of diabetes type 2 and cardiovascular risk 
(24). Hector et al. in 2011 explained that CRP was 
significantly higher in PCOS patients. An analysis 
of the most comparable studies indicates elevated 
circulating CRP in PCOS which suggests disor-
dered chronic low-grade inflammation. They also  
found that elevated circulating CRP in PCOS is 
independent from obesity since this finding has 
persisted after excluding all the studies with mis-
matches in frequency of obesity or BMI between 
groups from the analysis (25). Citing the re-
searches done by Velija-Asimi in 2006, reduction 
in CRP was consistent with a decrease in metabol-
ic symptoms of PCOS subjects who were treated 
with metformin. Curcumin treatment was also 
associated with a decrease in CRP levels and the-
se findings along with the findings of other histo-
logical and molecular studies are in line with the 
therapeutic effects of curcumin on the syndrome 
(26). The result of this study is in line with those 
performed by Heutling et al. in 2006. They show-
ed that the levels of proinflammatory cytokines 
(IL-6 and IL-18) were significantly increased in 
women with PCOS and were found to be positive-
ly correlated with parameters of insulin sensitivi-
ty; treatment with metformin positively affected 
metabolic and endocrine profile as well as men-
strual function and led to spontaneous pregnancies 
(27). In vitro studies have shown the ability of 
pro-inflammatory stimuli to upregulate the stero-
idogenic enzyme responsible for androgen pro-
duction in ovarian theca cells (28). Cytokines can 
also stimulate proliferation of theca cells. In addi-
tion, abnormal inflammatory input may impair the 
finely tuned inflammatory processes used to con-
trol ovulation. In that light, the excess cytokine 
gene expression in the ovary of IR/LepR mice 
(Insulin resistance and leptin receptor) is interest-
ing (29). In 2009, Schaaf showed that curcumin 
has anti-proliferative, pro-apoptotic and hormone 
suppressive effects on pituitary tumor cells. These 
effects were not only observed in pituitary tumor 
cell lines in vitro and in vivo but also, to a lesser 
extent, in human pituitary adenoma cells as well. 
Therefore, curcumin by itself, or in combination 
with already used drugs may be a promising tool 
for the development of new pharmacological treat-
ment concepts of pituitary tumors (30). In 2014, 
Stephanie et al. stated the inhibition of phosphory-
lated JNK (c-Jun N-terminal kinases), p38 and 
ERK1/2 (Extracellular signal-regulated kinase 
1/2) signalings which can be one of the molecular 
mechanisms which induced curcumin inhibition 

of the regulation of IL-6 mRNA expression in 
LPS (Lipopolysaccharide) vascular smooth mus-
cle cells in vitro (31). Adipose tissue-derived cy-
tokine expression (TNF-α, IL-6) may be an im-
portant contributor to low grade chronic inflam-
mation. In other words, accumulation of visceral 
adipose tissue may be a key factor that underpins 
features of the metabolic syndrome and low grade 
chronic inflammation (32). In 2008, Miller et al. 
stated that curcumin inhibits the proliferation of 
tumor cells in the pituitary gland, induces apopto-
sis and reduces the production and release of 
hormones. So, they suggested that treatment with 
curcumin can be used as a new treatment (33). In 
this study, anti-inflammatory aspects of curcumin 
were investigated. Curcumin by affecting the size 
of polycystic ovary and minimizing it macroscop-
ically will affect the number of primordial folli-
cles and corpus luteum and reduce them after 
treatment. Gulcubuk et al. in 2013 suggested that 
reductive effect of curcumin in tissue damage 
could be occurred by inhibition of trypsin and NF-
kB (Nuclear factor kappa-light-chain-enhancer of 
activated B cells) activation and hence induction 
of apoptosis. However, curcumin decreased tissue 
damage and the lack of direct correlation among 
tissue damage, amylase, lipase, free oxygen radi-
cals and proinflammatory cytokine levels in some 
subgroups remained in this study as an issue to be 
thoroughly investigated; thus further studies are 
needed (34). The immunohistochemical study of 
polycystic ovaries treated with curcumin showed 
a significant decrease in the levels of TNF-α and 
probably this factor plays an important role in 
production of cysts and the pathogenesis of poly-
cystic ovary syndrome. 
 

Conclusion 
This study showed that curcumin via inhibition 

of TNF-α and IL-6, by reducing the follicular 
sheath, improving ovulation and corpus luteum, 
will improve histologic features of polycystic ova-
ry and will push it towards having active and 
healthy ovary. 
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