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Abstract 

Background and purpose: To evaluate the effects of Vitex agnus-castus supplementation on serum levels of 
inflammatory cytokines (primary outcomes:   tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6); 
secondary outcome: anti-Mullerian hormone (AMH)) in women with polycystic ovary syndrome (PCOS).  
Experimental approach: This secondary analysis included 40 serum samples (20 Vitex and 20 placebo) 
randomly selected from a previously registered randomized, double-blind, placebo-controlled trial in women 
with PCOS. Participants received either Vitex (5.8 mg/day, standardized to 0.42-0.82 mg aucubin) or a placebo 
for 12 weeks. Serum TNF-α, IL-6, and AMH were measured at baseline and week 12 using ELISA. Within-
group changes were assessed with paired t-tests, and between-group differences were analyzed using 
independent t-tests and ANCOVA using SPSS v23.0 software. 
Findings/Results: Vitex supplementation significantly reduced serum TNF-α (141.27 ± 24.27 to 91.28 ± 19.57 
pg/mL), IL-6 (71.72 ± 13.63 to 48.91 ± 24.19 pg/mL), and AMH (11.21 ± 3.89 to 7.88 ± 4.87 ng/mL) levels, 
whereas the placebo group showed no significant changes. The between-group differences were significant for 
all markers. These findings suggest potential benefits in reducing inflammation and improving ovarian 
function, pending confirmation in future clinical outcome studies. 
Conclusion and implications: Vitex supplementation may offer a complementary approach to managing 
inflammation and hormonal disturbances in women with PCOS. 
Keywords: Anti-Mullerian hormone; Interleukin-6; Polycystic ovary syndrome; TNF-α; Vitex. 
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INTRODUCTION 
 

Polycystic ovary syndrome (PCOS) is a 
common endocrine disorder affecting 6-20% of 
women of reproductive age worldwide  (1). 
PCOS is characterized by hyperandrogenism, 
ovulatory dysfunction, and polycystic ovarian 
morphology, leading to reproductive, 
metabolic, and psychological challenges (2).  
Diagnosis based on the Rotterdam criteria 
requires at least two of the following: oligo- or 
anovulation, hyperandrogenism (biochemical 
and/or clinical), and polycystic ovaries on 
ultrasound (3). PCOS significantly impairs the 
quality of life and increases the risk of 
infertility, metabolic syndrome, cardiovascular 
disease, and endometrial cancer (4).  Its etiology 
involves genetic, environmental, and lifestyle 
factors (5).  

Chronic low-grade inflammation is a key 
driver, with elevated pro-inflammatory 
cytokines like tumor necrosis factor-alpha 
(TNF-α) and interleukin-6 (IL-6) contributing 
to insulin resistance and ovarian dysfunction by 
impairing granulosa cell function, follicular 
maturation, and ovulation, thus exacerbating 
hyperandrogenism (6-8). Anti-Mullerian 
hormone (AMH), produced by granulosa cells 
of preantral and small antral follicles, is a 
marker of ovarian reserve and is often elevated 
in PCOS due to increased follicle numbers and 
altered granulosa cell function (9,10) .  

AMH is clinically relevant for assessing 
fertility treatment responses and reproductive 
lifespan, suggesting that its modulation may be 
beneficial (10). 

Current PCOS treatments, such as lifestyle 
changes, oral contraceptives, and metformin, 
often fail to address chronic inflammation  
(11,12). Concerns about their long-term side 
effects have increased interest in herbal 
medicines, such as Vitex, for PCOS 
management (8). Ample evidence demonstrates 
the protective role of antioxidants against 
oxidative damage induced by reactive oxygen 
species (13-15). Antioxidants, including Vitex, 
have shown promise in alleviating PCOS 
symptoms by reducing inflammation and 
oxidative stress (16). Vitex, a widely used 
herbal remedy, contains bioactive compounds 

(e.g., flavonoids and iridoids) that inhibit               
pro-inflammatory cytokines (TNF-α and IL-6) 
via nuclear factor kappa B (NF-κB) suppression 
and modulate dopaminergic activity, affecting 
prolactin and ovarian function (17,18). While 
Vitex has been studied for its hormonal effects 
in PCOS (e.g., prolactin and luteinizing 
hormone (LH) / follicle-stimulating hormone 
(FSH) ratios) (19), its impact on TNF-α, IL-6, 
and AMH remains unexplored. 

While prior randomized trials have 
evaluated Vitex agnus-castus for outcomes such 
as prolactin levels or menstrual symptoms  (19), 
to our knowledge, no randomized, placebo-
controlled trial has specifically assessed its 
effects on inflammatory cytokines or AMH in 
women with PCOS. 

Given the role of inflammation in PCOS and 
the anti-inflammatory properties of Vitex 
constituents (e.g., casticin) via NF-κB 
suppression (15), this randomized, double-
blind, placebo-controlled trial aimed to 
determine whether Vitex reduces circulating 
TNF-α, IL-6, and AMH levels in women with 
PCOS. 
 

MATERIALS AND METHODS 
 
Study design and setting 

This study was a secondary analysis of 
serum samples collected as part of a 
randomized, double-blind, placebo-controlled 
clinical trial (registered on March 28, 2023) 
conducted at the Arak University of Medical 
Sciences  (20). The original trial investigated the 
effects of Vitex  supplementation in women with 
PCOS. This present sub-study specifically 
assessed inflammatory and hormonal markers, 
including TNF-α, IL-6, and AMH. 
 
Participants 

The parent trial  (20)  initially screened 105 
women aged 18-45 years who were diagnosed 
with PCOS according to the Rotterdam criteria. 
For this sub-study, serum samples were                   
first screened for adequate remaining volume     
(≥ 1 mL) to allow measurement of TNF-α, IL-6, 
and AMH. Only 2-3 samples were excluded due 
to insufficient volume. From the remaining 
eligible samples, a total of 40 participants               
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(20 per group) were randomly selected using a 
computer-generated random number sequence. 
This approach ensured sufficient sample 
volume for all assays while introducing 
randomness into the selection process. 

Following blood collection, serum was 
immediately separated via centrifugation and 
aliquoted into five individual microtubes to 
prevent degradation caused by repeated freeze-
thaw cycles. All aliquots were immediately 
stored continuously at -80 ℃. The serum 
samples selected for the sub-study assays 
(TNF-α, IL-6, and AMH) were retrieved from 
the freezer approximately 2.5 months after 
initial storage. Critically, only one aliquot per 
participant was used for the final batch analysis, 
ensuring the assays were performed on samples 
that had undergone zero freeze-thaw cycles. 

The inclusion criteria were as follows: 
women aged 18-45 years, diagnosed with 
PCOS according to the Rotterdam criteria, and 
not planning pregnancy during the study period. 

Exclusion criteria included pregnancy, 
lactation, smoking, hyperprolactinemia, thyroid 
dysfunction, diabetes mellitus, recent use 
(within 3 months) of antioxidant, anti-
inflammatory, immunosuppressive, or other 
herbal supplements, or dopamine antagonists, 
or starting any of these medications during the 
intervention period. 

Exit criteria were criteria for withdrawal 
from the intervention included withdrawal of 
informed consent, occurrence of a severe 
adverse event, or failure to comply with the 
protocol (defined as taking less than 80% of the 
prescribed daily dose of Vitex or placebo). 
 
Randomization and blinding 

In the parent trial, participants were 
randomized using permuted block 
randomization (block size = 4). Allocation 
concealment was ensured using sequentially 
numbered, opaque, sealed envelopes. Both the 
participants and healthcare providers were 
blinded to the group assignments. 
 
Intervention 

The Vitex group received 5.8 mg/day of 
standardized Vitex agnus-castus extract 
(Agnugol tablets; Goldaru Pharmaceutical 
Company, Isfahan, Iran) for 12 weeks, while 

the placebo group received identical cellulose 
acetate tablets for the same duration. The 
placebo tablets were also prepared by Goldaru 
Pharmaceutical Company (Isfahan, Iran)                 
to be visually, olfactorily, and physically 
identical to the active Vitex tablets to maintain 
the double-blind nature of the trial. Both groups 
continued their prescribed metformin and 
combined oral contraceptive regimens (3 mg 
drospirenone + 0.03 mg ethinyl estradiol). 
Adherence was monitored biweekly through 
pill counts and phone calls. 
 
Sample size 

Based on TNF-α  (7), with a two-sided 
significance level (α) of 0.05 and power (1 - β) 
of 80% (β = 0.20), the minimum sample size per 
group was calculated as 17 using the following 
equation: 
n ≥ 2 (Zα + Z β)2 σ2 / (µ1- µ2)2 
α = 0.05, β = 0.20, µ1 = 5.27, µ2 = 4.48,                   
σ ≈ 0.81, n1 = n2 ≥ 17 
Considering an estimated dropout rate of 10%, 
we aimed to recruit 20 participants per group. 
 
Sample collection and laboratory assays 

After a 12-h overnight fast, venous blood 
samples were collected and centrifuged at                
3000 rpm for 10 min. Serum aliquots were 
stored at -80 °C until analysis. Anthropometric 
measurements (weight and height) were 
recorded at baseline and after the intervention. 

Serum AMH concentrations were measured 
in duplicate using a commercial ELISA kit 
(Pishtaz Teb, Kerman, Iran; Cat. No. PT-AMH-
96) with a sensitivity of 0.08 ng/mL and inter- / 
intra-assay CVs of < 6 - 8% and < 6 - 9%, 
respectively. TNF-α was measured using a 
commercial ELISA kit (Karmania Pars Gene, 
Kerman, Iran; Cat. No. KPG-HIL6P) with a 
sensitivity of 2 pg/mL and inter-/intra-assay 
CVs of < 8% and < 3%. IL-6 was measured 
using a commercial ELISA kit (Karmania               
Pars Gene; Cat. No. KPG-HIL6), with a 
sensitivity of 2 pg/mL and inter- / intra-assay 
CVs of < 8-10% and < 3-4%, respectively. All 
assays included positive and negative controls. 
 
Statistical analysis 

Analyses were performed using SPSS v23.0 
(SPSS Inc., Chicago, IL). The Shapiro-Wilk 
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test was used to assess normality. Continuous 
variables are presented as mean ± SD.               
Within-group changes were analyzed                    
using paired t-tests, and between-group 
comparisons were performed using independent 
t-tests. ANCOVA was applied to adjust for 
baseline values. Given that multiple comparisons 
were conducted across three primary outcomes 
(TNF-α, IL-6, and AMH), we applied the Holm-
Bonferroni sequential correction to control the 
Family-Wise error rate (FWER) and minimize 
the risk of  type I error. This approach was chosen 
because it is less conservative than the standard 
Bonferroni method, thereby retaining greater 
statistical power while still reducing  the likelihood 
of false-positive results. Both raw and Holm-
Bonferroni adjusted  P-values are presented in the 
Results section. P-values ≤ 0.05 were considered 
significantly different.  

RESULTS 
 

For this secondary analysis, 40 serum 
samples (20 Vitex, 20 placebo) were randomly 
selected from a previously registered 
randomized, double-blind, placebo-controlled 
trial involving 105 women with PCOS. In the 
original trial, 45 women were excluded (39 due 
to predefined exclusion criteria and 6 due                
to personal reasons), leaving 60 eligible 
participants who were randomized to receive 
Vitex or a placebo. For the present sub-study,     
40 participants (20 per group) were randomly 
selected from the serum sample repository. All 
selected samples were analyzed with no 
exclusions or losses noted. Figure 1 provides a 
CONSORT flow diagram illustrating the parent 
trial enrollment, randomization, and sub-study 
sample selection process. 

 

 
Fig. 1. Consort diagram of the study population, CONSORT diagram showing screening (n  =  105), randomization in 
parent randomized controlled trial (n = 60), and sub-study sample selection (n = 40).  
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Table 1 presents the participants’ demographic 
characteristics. No statistically significant 
differences were observed between the Vitex (n  =  
20) and placebo (n  =  20) groups in terms of age, 
height, weight (both before and after intervention), 
and BMI (both before and after intervention) (all 
P > 0.05). The recruitment period began on April 
4, 2023, and ended on January 20, 2024. 

No significant adverse effects were observed 
or reported in either the Vitex or placebo group 
during the 12-week intervention period.  Figure 

2A-C illustrates the serum levels of AMH, 
TNF-α, and IL-6 at baseline and post-
intervention, along with their respective 
changes in the two groups. In the placebo 
group, the mean AMH level increased from 
10.97 ± 4.25 ng/mL to 11.87 ± 2.99 ng/mL                  
(P = 0.290). Conversely, in the Vitex group, the 
mean AMH level significantly decreased from 
11.21 ± 3.89 ng/mL to 7.88 ± 4.87 ng/mL. The 
between-group difference in the change in 
mean AMH levels was also significant. 

 

 
Fig. 2. Comparison of serum concentrations for (A) AMH, (B) TNF-α in panel, and (C) IL-6 in women with PCOS before and 
after a 5.8 mg Vitex dry extract or placebo intervention. For each group, the initial serum level (Before), the final level (After), 
and the net difference (Change, calculated as After - Before) are shown. The data are presented as mean ± SD. **P < 0.01 
indicates significant differences between designated groups; ###P < 0.01 shows differences between the groups “Change”. TNF-
α, Tumor necrosis factor-alpha; IL-6, interleukin-6; AMH, anti-Müllerian hormone. 

Table 1. Baseline and post-intervention anthropometric characteristics. Data are presented as mean ± SD.  

Variable Vitex (n = 20) Placebo (n = 20) P-valuesa 
Age (year) 26.30 ± 6.01 28.35 ± 5.12 0.25 
Height (m) 1.60 ± 0.05 1.62 ± 0.06 0.27 
Weight before (kg) 65.90 ± 11.91 67.45 ± 14.01 0.71 
Weight after (kg) 64.85 ± 9.69 66.60 ± 12.05 0.62 
BMI before (kg/m2) 25.71 ± 4.50 25.60 ± 4.82 0.94 
BMI after (kg/m2) 25.33 ± 3.89 25.31 ± 4.18 0.99 
BMI: Body Mass Index; a, Based on an independent t-test 
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At baseline level, there was no significant 
difference between the mean of TNF-α of the 
placebo and Vitex groups (P = 0.760). 
Following the intervention, a statistically 
significant decrease was observed in the Vitex 
group, while the placebo group remained 
relatively stable (P = 0.970). The between-
group difference in the change from baseline 
was significant. 

Baseline IL-6 levels were similar between 
the Vitex and placebo groups (P = 0.760). Post-
intervention, a statistically significant decrease 
was observed in the Vitex group. The placebo 
group showed a slight, non-significant increase 
(P = 0.400). The between-group difference in 
change from baseline was statistically 
significant. 
 

DISCUSSION 
 

This study found that 12 weeks of Vitex 
agnus-castus supplementation was associated 
with significant reductions in serum TNF-α, IL-
6, and AMH levels in women with PCOS. 
These findings suggest potential benefits for 
both inflammatory and hormonal profiles, 
supporting Vitex as a complementary approach 
for PCOS management. Importantly, after 
applying the Holm-Bonferroni sequential 
correction for multiple comparisons, these 
reductions remained statistically significant, 
reinforcing the robustness of our finding. 

Several phytochemicals in Vitex, including 
casticin, flavonoids, and iridoid glycosides, 
may contribute to these effects. Casticin 
suppresses NF-κB-mediated signaling, 
reducing TNF-α and IL-6 (21,22). Vitex’s 
dopaminergic agonist activity may modulate 
prolactin and gonadotropin release, influencing 
folliculogenesis and AMH expression (18). The 
observed reduction in pro-inflammatory 
cytokines is particularly notable, as chronic 
low-grade inflammation drives insulin 
resistance in PCOS. TNF-α impairs insulin 
receptor substrate-1 signaling, whereas IL-6 
promotes hepatic glucose output and peripheral 
insulin resistance (22-25). Additionally, 
antioxidant compounds in Vitex, such as 
quercetin and vanillic acid, may attenuate 
oxidative stress, further supporting its anti-
inflammatory actions (17,26). 

Our findings are consistent with animal 
studies showing reduced TNF-α, IL-6, and C-
reactive protein levels in letrozole-induced 
PCOS models (27,28), although extrapolation 
to humans requires caution. Beyond PCOS, 
vitexin, a major flavonoid constituent, has 
shown neuroprotective effects in Parkinson’s 
and Alzheimer’s disease models by attenuating 
microglial activation and suppressing pro-
inflammatory cytokines (29,30). Casticin has 
been reported to downregulate NF-κB signaling 
and reduce immune cell infiltration in 
inflammatory joint disorders (31). Moreover, 
Vitex extracts improved systemic inflammation 
and metabolic parameters in experimental 
models of diabetes and metabolic syndrome 
(32). Collectively, these studies support Vitex 
as a plant-based therapeutic agent with broad 
anti-inflammatory potential. 

The significant decline in AMH observed in 
this trial is clinically relevant, given that 
elevated AMH reflects excessive small antral 
follicles and disrupted folliculogenesis in 
PCOS (10,33). Pro-inflammatory cytokines, 
such as TNF-α and IL-6, can interfere with 
follicular maturation and oocyte quality 
(34,35). By reducing these cytokines, Vitex 
supplementation may indirectly support 
granulosa cell function and normalize AMH 
expression (36). Although these findings are 
promising, their direct implications for ovarian 
function, ovulation, and fertility outcomes 
remain uncertain and warrant further 
investigation. 

This study had several limitations. Despite 
meeting the recalculated sample size 
requirement (≥ 17 per group), the relatively 
small number (n = 20 per group) limited the 
statistical power to detect smaller but clinically 
relevant effects. The 12-week duration may 
also be insufficient for assessing long-term 
outcomes. All participants continued 
metformin and oral contraceptive use, which 
are known to influence inflammatory and 
hormonal markers. Although randomization 
likely balanced these factors, residual 
confounding cannot be excluded. Additionally, 
a few participants were excluded due to 
insufficient serum volume, introducing 
potential selection bias. Future studies with 
larger sample sizes, power calculations specific 
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to IL-6 and AMH, and wash-out or factorial 
designs are warranted to confirm these results 
and isolate the independent effects of Vitex. 
 

CONCLUSION 
 

To our knowledge, this is the first 
randomized, double-blind, placebo-controlled 
trial to specifically investigate the effects of 
Vitex on inflammatory cytokines (TNF-α and 
IL-6) and AMH in women with PCOS. By 
focusing on biomarkers closely linked to PCOS 
pathophysiology, our study extends the 
evidence base beyond prior trials that mainly 
evaluated prolactin or menstrual symptoms. 
The observed biochemical improvements 
confirmed the measurable biological activity of 
Vitex; however, the clinical implications 
remain uncertain, and these results should be 
considered hypothesis-generating. Larger, 
longer-term trials incorporating reproductive 
and metabolic endpoints are needed to 
determine whether these biochemical changes 
translate into meaningful clinical benefits. In 
conclusion, this study demonstrated that Vitex 
supplementation has a significant modulating 
effect on key reproductive and inflammatory 
markers. Vitex significantly reduced the serum 
levels of TNF-α and IL-6, two pro-
inflammatory cytokines implicated in various 
pathological conditions. Furthermore, Vitex 
supplementation significantly decreased serum 
AMH levels. These results indicate that Vitex 
may have a positive impact on reproductive 
health and inflammatory responses. 
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