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Introduction: This research aimed to examine the impact of Grape Seed Extract (GSE) 
supplementation on fasting blood glucose level, insulin resistance, and serum lipid profile in 
women with Polycystic Ovary Syndrome (PCOS). 

Methods: Fifty individuals with and without PCOS were selected (GSE=25, & placebo=25) 
as the study participants. They received 400 mg/d of GSE (in the form of capsules) or 
placebo for 8 weeks. The samples of fasting blood glucose were collected in two stages of 
the beginning and end of the treatment. Total Cholesterol (TC), Low-Density Lipoprotein 
(LDL), Triglycerides (TG), Insulin-Resistance Homeostatic Model Assessment (HOMA-IR), 
and High-Density Lipoprotein (HDL) were measured biochemically. For statistical analysis, 
Independent Samples t-test, Paired Samples t-test, and Analysis of Covariance (ANCOVA) 
were used. 

Results: GSE supplementation declined the levels of serum fasting blood glucose, insulin, 
HOMA-IR, TC, LDL, and weight. Additionally, HDL was elevated in the test group, compared 
to the controls (P<0.05). In comparison with the baseline values, the serum HOMA-IR and 
FBS levels were significantly decreased (P=0.005 & P=0.02, respectively). Besides, serum 
insulin level was increased in the GSE group. In the GSE group, the TG and Body Mass Index 
(BMI) were lower than the baseline values. In either category, no significant changes were 
detected in serum TC and LDL-C levels. 

Conclusion: Short-term GSE therapy provided beneficial therapeutic impacts on PCOS-
positive women’s metabolic status (e.g., HOMA-IR); thus, this approach could be effective in 
PCOS complications management.
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1. Introduction

olycystic Ovary Syndrome (PCOS) is a 
widespread heterogeneous, endocrinolog-
ic, and metabolic disturbance in women. 
PCOS induces infertility or subfertility 
in females, i.e., often named hyperandro-

genic anovulation or Stein-Leventhal syndrome [1, 2]. 
In total, 5%-10% of women are affected by PCOS in 
their reproductive life. In PCOS, the ovaries expand with 
numerous pathological cysts, containing small undevel-
oped follicles. The etiology of this condition remains 
unclear; however, it is mainly regarded as a multifacto-
rial disturbance with genetic origins and environmental 
factors [3]. 

Women with PCOS encounter an increased risk of 
endometrial cancers, dyslipidemia, cardiovascular dis-
eases, and diabetes mellitus (type II). In PCOS patho-
physiology, primary defects are detected in the hypotha-
lamic-pituitary axis, insulin secretion, insulin function, 
and ovarian activity [4, 5]. Based on the Rotterdam crite-
rion (2003), the PCOS prevalence has been documented 
as 15.2% in Iran [6]. This disease is characterized by 
some special clinical features, including hyperandrogen-
ism, anovulation, and metabolic changes (e.g., obesity, 
hyperinsulinemia, insulin resistance, and acanthosis 
nigricans) [7]. The prevalence rate of metabolic distur-
bances resulted from the conditions of hyperinsulinemia 
and dyslipidemia is crucial [3, 7, 8].

Currently, the standard PCOS therapies include life-
style improvements and the prescription of pharmaceu-
tical drugs, such as clomiphene citrate and metformin. 
Asymmetrical dimethylarginine, inflammatory, and 
metabolic parameters in PCOS cases were investigated 
in two phases; before and after metformin treatment by 
Heutling and colleagues (2008). In this clinical study, 
decreased hyperandrogenemia and ADMA levels were 
found;  decreased ADMA levels were not correlated to 
Body Mass Index (BMI) improvements or metabolic pa-
rameters [9].

Chemical medicines used for PCOS treatment are asso-
ciated with some adverse effects and disadvantages, such 
as nausea, vomiting, and stomach disorders [10]. Herbal 
medications have gained great attention for PCOS treat-
ment in recent decades [11, 12]. Such medications in-
clude Ecklonia cava, Glycyrrhizaglabra, Aeglemarme-
los, Bougainvillea spectabilis, Matricaria chamomile, 
Cinnamomumzeylanicum, Galegaofficinalis, Morin-
gaoleifera, Nigella sativa, and hazelnut oil [13-22].

The therapeutic effects of palm pollen extract on estra-
diol valerate-induced PCOS rats were assessed by Jashni 
H.K. and associates. Decreased levels of LH, estrogen, 
and cystic follicle besides elevated levels of FSH, pro-
gesterone, and corpus luteum were observed after this 
extract administration [21]. The experimental research 
was applied by Anbu, J., to determine Sargassumilici-
folium’s potential therapeutic effects on testosterone-
induced PCOS in female Wistar rats. They found that 
following the administration of the ethanolic extract of 
Sargassumilicifolium, this plant potentially reduced the 
elevated glucose, cholesterol, and testosterone levels; it 
altered the estrus cycle to the normal state and increased 
the blood serum concentration of FSH, LH, estrogen, 
and progesterone [22]. 

Furthermore, the Ecklonia cava extract restored ovar-
ian follicles components and morphologies to a healthy 
and physiological state. Such measures were based on 
regulatory effects on ovarian factors associated with the 
production of follicles. Eui-Ju Hong et al. explored the 
application effect of Ecklonia cava extract on letrozole-
induced PCOS in rat models. The authors have deter-
mined that the Ecklonia cava substantially decreased 
PCOS symptoms. The effects of Glycyrrhizaglabra etha-
nol extract on letrozole-indued PCOS were assessed in 
Sprague Dawley rats by Hye Won Lee. In the co-admin-
istration of licorice and letrozole, a significant recovery 
in the FSH level and a substantial decrease in LH/FSH 
ratio was observed [14]. 

In 2018, Majid Shokoohi et al. explored a rodent model 
of estradiol valerate-mediated PCOS. They found the 
protective outcomes of Galegaofficinalis administration 
on metabolic as well as hormonal parameters. They also 
observed a significant decrease in fasting blood glucose, 
insulin, testosterone, LH, and FSH levels, and significant 
increases in serum aromatase and serum estrogen lev-
els [19]. The effects of Matricaria chamomile (chamo-
mile) on lipid and hormonal parameters among PCOS-
affected women of reproductive age were investigated 
by BijanHelli and associates. Crucial reductions in total 
testosterone levels were observed in these cases follow-
ing the oral prescription of chamomile capsule (370 mg). 
Moreover, no major and significant alternations were ob-
served in LH/FSH and dehydroepiandrosterone sulfate 
ratios [17].

Functional Insulin Receptor (IR) presents in ovarian 
theca [23] and bone osteoblast [24] cells. Insulin can 
induce the overproduction of androgen (hyperandrogen-
emia) through various molecular mechanisms in theca 
cells; thus, the pathologic condition of hyperinsulinemia 
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is observed in numerous patients with PCOS. Based on 
the signaling pathways, the IR complex could trigger the 
translocation of the Steroid Regulatory Element-Bind-
ing Protein 1 (SREBP-1) into the intranuclear space. 
Such measures are conducted through the activation of 
Phosphoinositide-Dependent Kinase 1 (PDK1), Phos-
phoinositide 3 Kinase (PI3 K), and Protein Kinase C 
(PKC). SREBP-1, a cellular transcription agent involv-
ing fatty acids biosynthesis, is mainly forum in cells [25]. 

Insulin controls the molecular process of SREBP acti-
vation and intranuclear matrix translocation. This pro-
cess occurs by applying a PI3K/Akt complex and the 
signaling pathway for rapamycin (mTOR) mammalian 
target. Negatively, the Sex Hormone-Binding Globulin 
(SHBG) levels strictly return to the insulin levels or in-
sulin resistance rates in PCOS-affected patients. Accord-
ingly, insulin presents suppressive effects on SHBG. The 
treatment employed to enhance insulin resistance could 
decrease the level of androgen [26]. Increased body fat, 
dyslipidemia, and systemic inflammation are closely as-
sociated with IR [27]. According to the published stud-
ies, hyperglycemia can reduce the levels of antioxidants 
and potentially increase lipid peroxidation, leading to an 
irregular metabolic status. In other words, not only the 
PCOS is a reproductive endocrine disorder with infertili-
ty or subfertility subsequences, but it is also a sex-related 
metabolic disorder. 

The herbal portion of grape seed is rich in bioactive 
compounds, such as phytochemicals, polyphenols, phe-
nolic acids, chalcones, flavanones, and flavanols; these 
are used for producing cosmeceuticals and nutraceuti-
cals. Evidence indicates the healthy and chemical pre-
ventive effects of grape-derived phytochemicals [28, 
29]. In addition, certain polyphenols provide cytotoxic 
effects with new pharmacologically activated molecules. 
Most of the grape polyphenols (60%-70% of total ex-
tractable compounds) are found in seeds. There was a 
strong correlation between these bioactivities and a 
collection of highly accumulated non-polar (lipid) and 
semi-polar (phenolic) molecules in grape seeds, in this 
context [28, 30]. 

Based on several experimental studies, the anticancer 
features of molecules available in grape included pro-
anthocyanidins, oligomeric flavonoids, phenolic acids, 
chalcones, flavanones, and flavanols. Grapes are rich in 
carbohydrate (17g/100 g), caloric content (65 kcal/100 
g), and have a low glycemic index. Besides being an ex-
cellent source of manganese and potassium, these fruits 
also have polyphenols, B6, C, and thiamine vitamins 
[31, 32]. The effect of hydroalcoholic grape seed ex-

tract was investigated by Mohseni and Salbadi on PCOS 
in Wistar rats on primordial, secondary, preantral, and 
Graafian follicles, as well as corpus luteum [33]. Based 
on its potent anti-oxidant [33], anti-inflammatory [34], 
and anti-neoplastic [11] properties, GSE is commonly 
consumed as a dietary supplement. Procyanidins (PCs) 
are a member of polyphenolic compounds, containing 
flavan-3-ol subunits (oligomers & polymers) [34, 35]. 

PCs, as the most bioactive constituents of GSE, are fre-
quently present in other food sources, such as tea, apples, 
and red wine [10, 11]. Proanthocyanidins present in GSE 
comprise oligomers or polymers of polyhydroxyflavan. 
The beneficial properties of proanthocyanidins are due to 
their conjugated and colonic metabolites [36]. The grape 
seed proanthocyanidins seem to have pharmacological 
effects. GSE, according to the antioxidant’s properties, 
can inhibit some illnesses’ symptoms [37]. 

These characteristics include anti-oxidants, anti-micro-
bial, anti-obesity, anti-diabetic, anti-neurodegenerative, 
anti-osteoarthritis, anti-cancer, cardioprotective, and 
eye-protective properties. According to multiple studies, 
their chemical structure and polymerization strictly de-
pend on the absorption and bioavailability of PCs in the 
gastrointestinal tract. Studies investigating GSE in com-
bination with 5-Fluorouracil (5-FU) in normal animals 
are scarce [35]. The pharmacological features of PCOs, 
such as antioxidant and radical scavenging activities, 
capillary permeability, and fragility reduction, collagen 
destruction inhibition, and inflammation inhibition have 
been recorded in this respect.

In 2019, Moon et al. tested the effectiveness and safe-
ty of the oral administration of GSE proanthocyanidin 
in non-proliferative diabetic retinopathy patients [34]. 
Hemmati studied the comparative training following 
GSE and vitamin E administration in silicon-induced 
pulmonary fibrosis in rats. GSE could reduce the fibro-
genic impact of silica; however, no synergistic effects 
were observed in this regard [37]. The effects of GSE on 
the lipid profile and expression of interleukin-6 in PCOS 
Wistar rat models were investigated by Salmabadi et al. 
in 2017. As a result, LDL-C, TC, IL-6 levels in the ex-
perimental groups, especially at 50 mg/kg of GSE, were 
decreased significantly, compared to the PCOS group; 
while HDL-C levels demonstrated no significant chang-
es [38].

According to extensive experimental studies, GSE af-
fects the metabolic status of several diseases, as an es-
sential bioactive agent; in vitro supplementation, in vivo 
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digestive, and the metabolic functions of GSE remain 
undiscovered.

2. Materials and Methods

GSE was prepared by the Shari Iran Company. The 
seeds were gathered from red grapes (V. Vinifera) and 
stored in the refrigerator for future analysis. Further-
more, a placebo was developed by the Barij Essence 
Company (Barij Essence, Kashan, Iran). An Enzyme-
Linked Immunosorbent Assay (ELISA) kit (Monobind, 
CA, USA) was also used in this study. The measurement 
of fasting blood glucose, serum triglycerides, HDL cho-
lesterol, and LDL cholesterol was applied through relat-
ed kits (BioSystems Co, Barcelona, Spain). Nutritionist 
IV (First Databank, San Bruno, CA, USA) program was 
implemented for patent nutrient analysis.

In this double-blind, randomized, controlled clinical 
trial, 50 patients with PCOS (20-38 years old) and a BMI 
of 25-40 kg/m2 were selected from Imam Khomeini 
Hospital (Ahvaz City, Iran) from August 2019 to March 
2020. According to the Kort and Lobo criteria for IR.10, 
the sample size to obtain a 95% confidence interval and 
80% power was estimated as 25 cases per group. PCOS 
diagnosis was developed per the Rotterdam criteria 
(2003), requiring at least two of the three features; poly-
cystic ovaries (detected by ultrasonography), chronic 
amenorrhea (or oligo-amenorrhea), and hyperandrogen-
ism (clinical or biochemical analysis). The treatment 
groups were under-covered until the fundamental analy-
ses and entire procedures were completed. Such mea-
sures included a randomized assignment, the registration 
of the study participants, and interventions. 

All procedures were conducted by a qualified midwife 
at a clinic. The study participants were assigned into 2 
classes; the GSE (n=25) and the placebo (n=25). GSE 
was administered daily (400 mg) for 8 weeks to the test 
group. To attain statistical validity, GSE and its placebo 
were concurrently rendered with the same appearance. 
Individuals have encoded the supplements according 
to the randomization list number. Due to GSE aquatic 
insolubility, the patients were requested to consume the 
supplements with each main meal for better dissolution. 
Moreover, a short message was sent every week to im-
prove treatment adherence.

All study patients declared their health history. For 
each patient, demographic details, medical history, and 
anthropometric measurements (weight, height, waist & 
hip circumference) were also collected. Skilled workers 
who were blind to the identity of samples conducted all 

research measurements. The height of the study partici-
pants was also determined by a non-stretchable wall me-
ter with barefoot. 

Weight was assessed on a baseline and post-interven-
tion basis (a digital scale, OMRON, Japan). The same 
digital scale was applied to calculate the Body Fat Per-
centage (BFP) through Bioelectric Impedance Analysis 
(BIA) between 8 AM and 10 AM when the research par-
ticipants were fasting with dry and clean bare hands and 
legs as prescribed. We used this unit in the same setting 
and conditions for more precise measurements. The BMI 
of the study subjects was measured as the body weight 
(Kg) divided by the square height (m2).

For all study participants, a 24-hour recall question-
naire for a 3-day food diary (mean energy, macro- & 
micronutrient intake) was recorded at the beginning and 
end of the study (1 weekend day and 2 weekdays). The 
volume of consumed foods was converted to grams, and 
the encoded foods were analyzed for nutrients and an-
tioxidants using a personalized nutritionist IV program 
(Updated for Iranian foods, First Databank, San Bruno, 
CA, USA).

For each research participant, a blood sample (10 mL) 
was gathered 8-12 hours at the beginning and end of the 
study. Serum aliquots were separated and stored at -70°C 
for biochemical studies. Blood sampling, FBS, insulin 
levels, and lipid profiles (10 mL) were assessed before 
and after conducting the interventions (10-12h overnight 
fasting in the morning). FBS, triglyceride, total choles-
terol levels (using Pars Azmoon Kit, Iran), HDL cho-
lesterol, LDL cholesterol (using Paadco kit, Spain), and 
insulin levels (using ELISA, Monobind kit, USA) were 
assessed biochemically. All the experiments were con-
ducted in the laboratory of the Ahvaz Jundishapur Uni-
versity of Medical Sciences. Serum glucose level was 
quantified using normal enzymatic methods (Pars Az-
mun kit, Karaj, Iran). Insulin resistance was calculated 
using the HOMA formula index; HOMA-IR = fasting 
insulin (µU/mL) × fasting blood glucose (mg/dL)/405. 

Standard Pars Azmun kit (Karaj, Iran) enzyme ap-
proaches were employed to assess Total serum Cho-
lesterol (TC), Triacylglycerol (TG), and High-density 
Lipoprotein (HDL-C). The Friedewald index calculated 
the concentration of LDL cholesterol; LDL-C = TC − 
(HDL-C + TG/5)×31. 

All measurements (including anthropometric indices, 
dietary intakes, blood sampling & biochemical assess-
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ments) were applied again at the end of the intervention 
procedures in the treatment and placebo groups.

The obtained data were analyzed using SPSS. 
Mean±SD or frequency(percentage) was used for report-
ing the collected data. To investigate the distribution of 
the variables, the Kolmogorov–Smirnov test was used. 
Independent Samples t-test and Paired Samples t-test 
was also used for quantitative data assessments, respec-
tively for between-group and within-group comparisons. 
Based on a previous study, the sample size [23] was cal-
culated considering type one error (α) of 0.05 and type 
2 error (β) of 0.20 (the power of 80%), and the expecta-
tions value of 32 as the difference in the mean(d) value 
of TG levels as the critical variable. We reached 50 pa-
tients, and the final sample size was determined as 25 
patients per group.

3. Results 

Table 1 lists the demographic data of PCOS cases. At 
the beginning of the study, the general characteristics of 
the study subjects were collected (Table 1). There were 
no significant differences in weight, BMI, and other 
body measures between the study groups during 8 weeks 
of intervention. Considerable weight and BMI differenc-
es were observed in the GSE group, compared to their 
baseline values. However, there were no improvements 
in weight and BMI in the control group.

Table 2 indicates the differences between the study 
variables. The Analysis of Covariance (ANCOVA) find-
ings revealed statistically significant variations between 
two weight groups adjusted for energy consumption and 
baseline value at the end of the study. BMI alteration was 
not significant between the two groups at the end of the 
study. Additionally, the total consumption of energy and 
macronutrients was not significantly changed during the 
study. Table 2 demonstrates changes in the study vari-
ables between the treatment and placebo groups. More-
over, BMI changes were not significant in the treatment 
group, compared to the placebo group. Total energy in-
take and macronutrient consumption presented no sig-
nificant differences between the study groups. 

Dietary energy intake, macronutrients, and micronutri-
ents at the baseline and 8-week of GSE supplementation 
are presented in Table 3. Furthermore, Table 1 contains 
the characteristics of the study subjects concerning daily 
micronutrients and macronutrients at the beginning of 
the study. There were no major variations in the con-
sumption of macronutrients and micronutrients between 
the studied groups.

In Table 2, the alteration of biochemical variables fol-
lowing the intervention is demonstrated between the 
study groups. ANCOVA data revealed statistically im-
portant variations in specific biochemical parameters. 
ANCOVA results suggested statistically significant 

Table1. The demographic data of PCOS participants

Variable

Mean±SD

PGSE  Group 
(n=25)

Placebo Group 
(n=25)

Age (y) 37.8±6.1 33.6±8.8

Height (cm) 161±6.3 161±5.2 0.295

Weight (kg)
Baseline 67.1±8.2 62.2±7.6 0.084

Endpoint 65.6±10.2 65.10±7.4 0.197

BMI (kg/m2)
Baseline 25.4±3.9 28.4±1.8 0.903

Endpoint 26.1±4.7 25.2±0.7 0.439

Waist (cm)
Baseline 85.8±4.8 80.9±17 0.565

Endpoint 83.8±5 85.7±2.9 0.309

Hip circumference (cm)
Baseline 101.8±9.1 105.9±3.5 0.619

Endpoint 101.6±7.9 105±9.5 0.092

BMI: Body Mass Index. 
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differences in serum insulin (P=0.005) and HOMA 
(P=0.02) levels.

4. Discussion

Due to antidiabetic features, the seeds of the grapes are 
among the crucial species with most applications in tra-
ditional medicines. Phenolics, polyphenols, vitamin E, 
oligomeric procyanidin, and proanthocyanidins are the 
main components in GSE. Proanthocyanidins supple-
mentation has major bioactive characteristics.

GSE provided no significant alteration in the lipid pro-
files of the investigated women with PCOS. Hyperlip-
idemia plays a key role in numerous conditions, such as 
obesity, diabetes, inflammation, and atherosclerosis. Hy-
perlipidemia plays a vital role in various diseases’ patho-
physiology, such as obesity, diabetes, inflammation, and 
atherosclerosis. This pathologic condition is more pro-
nounced in women with PCOS. Decreased HDL-C, as 
well as increased triglycerides and LDL-C concentra-

tions, are the most prevalent lipid disturbances in sub-
jects with PCOS.

GSE is a free radical scavenging agent, i.e., involved 
in lipid homeostasis with reduced risk of atherosclero-
sis and inflammation in blood plasma, cells, or tissues. 
The effect of GSE on glucose homeostasis parameters 
is accounted for by different mechanisms, including the 
activation of peroxisome proliferator-activated receptor-
gamma. This result is similar to some animal studies, 
such as Sprague Dawley rats with alloxan obese diabetic 
induction and high fat dietary mice. The sample size of 
our trial was limited; thus, it could be difficult to detect 
small improvements following GSE treatment. 

Our study was confined to selected metabolic param-
eters; accordingly, we were unable to establish other 
biomarkers, such as endogenous antioxidants (SOD), 
catalase, and glutathione levels. It would be useful to 
research the impact of GSE on reproductive hormones, 
including androgen levels and SHBG. The quantification 
of serum or plasma GSE levels is also recommended. 

Table 3. The biochemical characteristics of PCOS participants

Variable
Mean±SD

PGSE  Group
(n=25)

Placebo Group 
(n=25)

Insulin (μIU/dL)
Baseline 6.4±3.2 7.3±2.2 0.494

Endpoint 7.8±3.8 8.9±3.1 0.02

FBS
Baseline 51.14±4.9 48.7±4.96 0.85

Endpoint 48.2±4.6 49.6±4.22 0.097

HOMA-IR
Baseline 1.59±0.9 1.41±0.22 0.321

Endpoint 1.94±1.01 1.39±0.66 0.005

TC (mg/dL)
Baseline 167±22.2 166.1±23.35 0.682

Endpoint 166±18.2 165.0±12 0.850

TG (mg/dL)
Baseline 110.3±7.13 108.3±42.02 0.229

Endpoint 105±8.1 110.2±19.78 0.189

LDL-C (mg/dL)
Baseline 105±1. 7 94.66±17 0.851

Endpoint 104±1.8 94±14.3 0.275

HDL-C (mg/dL)
Baseline 47.1±22.4 47.1±6.43 0.102

Endpoint 50.0±16.9 49.1±4.95 0.025

HOMA-IR: Homeostatic Model Assessment For Insulin Resistance; TC: Total Cholesterol; TG: Triglyceride; LDL: Low-Density 
Lipoprotein; HDL: High-Density Lipoprotein.
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Furthermore, more extensive scale studies concerning 
various doses and treatment duration are warranted to 
support these findings.

5. Conclusion

Generally, the current trial suggested that the short-
term use of GSE supplementation could be beneficial 
in women with PCOS. Such a measure could improve 
serum insulin and fasting blood glucose status, insulin 
resistance, and lipid profile in them. In the GSE treat-
ment group, the serum HOMA-IR and FBS decreased 
significantly, compared to fundamental values (P=0.005 
& P=0.02, respectively). Serum insulin was increased in 
the GSE group, without significant changes, compared 
to the baseline values. In the GSE group, triglyceride 
and body weight index were decreased, in comparison 

with the baseline rates. Serum TC and LDL-C levels pre-
sented no substantial changes in either group. Short-term 
GSE supplementation provided some positive effects on 
the studied women with PCOS in terms of metabolic risk 
factors, like HOMA-IR, which could be useful for PCOS 
regulation. Further investigations are suggested to create 
a clear link between GSE and glycemia regulation.
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