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Abstract

Background: Red clover and its main derivative, formononetin, belong to the phy-
toestrogens. They are clinically used to alleviate mood disorders, anxiety, and hot flash-
es. Formononetin may interfere with the reproductive axis due to its estrogenic potency 
and its ability to bind estrogen receptors. To find some molecular mechanisms mediat-
ing the effects of formononetin on the hypothalamus-pituitary-gonadal (HPG) axis, this re-
search aimed to investigate the effects of formononetin on the hypothalamic mRNA lev-
els of gonadotropin-releasing hormone (Gnrh), kisspeptin1(Kiss1) and tachykinin 2 (Tac2). 
Materials and Methods: Fifteen male Wistar rats weighing 200±10 g were divided into three 
groups (n=5). Group 1 as the control group, received saline. Groups 2 and 3 received 20 and 40 
µg of formononetin via the third cerebral ventricle. The hypothalamic samples were dissected. 
The Gnrh, Kiss1 and Tac2 gene expression was measured by real-time PCR. Results: Injec-
tion of 20 µg formononetin did not significantly decrease the mRNA levels of Gnrh and Tac2 
compared to the control group. However, injection of 40 µg formononetin significantly reduced 
the mRNA levels of Gnrh and Tac2 compared to the control group. Injection of 20 and 40 µg 
formononetin, significantly declined the mRNA levels of Kiss1 compared to the control group.
Conclusion: Present results indicated that formononetin may be involved in the regulation of 
the reproductive axis via reducing the activity of hypothalamic GnRH neurons and downreg-
ulation of the kisspeptin and neurokinin B signaling pathways upstream of GnRH neurons.
[GMJ.2025;14:e3549] DOI:10.31661/gmj.v14i.3549
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Introduction

The hypothalamic-pituitary-gonadal (HPG) 
axis controls reproduction [1]. Reproduc-

tive success is dependent on the cooperation of 
various neuropeptides and hormonal systems 
to regulate gonadal function and sexual be-
haviors. Additionally, various peripheral fac-

tors, including stress, drugs, and dietary com-
ponents, can influence the HPG axis output by 
affecting the activation of GnRH or neurons 
upstream of GnRH. Stress, estrogenic drugs, 
and phytoestrogens could lower the release of 
GnRH/LH and sexual hormones [1-3].
The products of the Kisspeptin/ neurokinin 
B (NKB)/ dynorphin (KNDy) neurons have 
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been discovered in the arcuate nucleus (ARC) 
of the hypothalamus [4]. The KNDy neurons 
form an interconnected network that regulate 
the GnRH. Kisspeptin directs GnRH secre-
tion, while NKB and dynorphin act as the 
start and stop signals of the KNDy network, 
respectively [4, 5]. In addition, all three pep-
tides are thought to play separate roles in the 
controlling of the GnRH pulse generator. 
Kisspeptin encoded by the Kiss1 gene, is ex-
pressed in the ARC and anteroventral periven-
tricular nuclei (AVPN) of the hypothalamus. 
It stimulates the release of GnRH/LH [6, 7]. 
According to previous studies the mutation 
of the Kiss1 or Kiss1R gene produces puber-
tal failure, hypogonadotropic hypogonadism, 
reduced gonadal size, and delayed puberty, 
whereas activating mutations cause early pu-
berty [7, 8].
The neurokinin B (NKB) is a decapeptide that 
belongs to the tachykinin family, along with 
neurokinin A, substance P, neuropeptide C, 
neuropeptide K, and hemokinin-1 [9, 10]. The 
NKB is encoded by the Tac2 gene in rodents. 
The NKB is commonly expressed in the hy-
pothalamus and other areas of the brain. It in-
teracts with the TacR3 gene-encoded receptor 
named NK3R [11]. It is a significant regulator 
of GnRH secretion due to the interaction with 
kisspeptin and dynorphin signalling path-
ways. Its pulsatile production activates the 
kisspeptin release which then promotes the 
secretion of GnRH/LH [11].
Current chemical medicines or steroid hor-
mone therapy have significant adverse ef-
fects, including headaches, mood changes 
and breast cancer. Therefore, new medicines 
derived from plants, as a complementary or 
alternative approach, are needed to reduce 
the adverse effects of chemical drugs. For-
mononetin, a phytostrogen from isoflavonoid 
family is the man derivative of Red clover 
(Trifolium pratense) [12, 13]. Previous stud-
ies have shown that formononetin exhibits 
anti-inflammatory and antioxidant properties, 
which may protect against oxidative stress-re-
lated diseases [12-14]. It is involved in the 
regulation of lipid profile and blood pressure 
[15]. Some studies have demonstrated the role 
of formononetin in managing metabolic dis-
orders like diabetes by focusing on its effects 
on insulin sensitivity and glucose metabolism 

[16]. Also, formononetin exerts anxiolytic and 
anticancer effects and it relieves hot flashes in 
menopausal women [13, 17, 18]. However, 
there is no information about the central mo-
lecular mechanism through which formonone-
tin may affect reproductive neural pathways. 
Formononetin may interfere with the repro-
ductive axis due to its estrogenic potency 
and its ability to bind estrogen receptors. To 
find some molecular mechanisms mediating 
the effects of formononetin on the HPG axis, 
this research aimed to investigate the effects 
of formononetin on the hypothalamic mRNA 
levels of Gnrh, Kiss1 and Tac2. 

Material and Methods

Animals
A total of 15 adult male Wistar rats (200–210 
g) were utilized in the present investigation. 
Throughout the experiment, rats were sub-
jected to a 12/12 h light/dark cycle, having 
unrestricted access to food and water. All of 
the experiments were approved by the Re-
search Ethics Committee of the Universi-
ty of Mohaghegh Ardabili (code: IR.UMA.
REC.1400.028).

Stereotaxic Surgery
By intraperitoneal injection of a combination 
of 10 mg/kg xylazine and 80 mg/kg ketamine, 
rats were anesthetized. The head of the ani-
mal was placed in the stereotaxic apparatus. 
The coordinates of the third cerebral ventri-
cle were determined based on the Paxinos 
and Watson atlas (AP=0.84 mm, ML=00, and 
DV=6.5 mm) [19]. The cannula was fixed on 
the surface of the skull with dental cement.  
After one-week recovery period, the injection 
of drugs was done using a hamilton syringe 
connected to a 20 polyethylene tube and a 27 
gauge needle.

Experimental Design
Fifteen rats were divided into three groups 
(n=5) at random. Group 1 as control rats, re-
ceived saline. Groups 2 and 3 received 20 or 
40 µg formononetin via the third cerebral ven-
tricle. The dosage of formononetin was cho-
sen based on previous study that demonstrat-
ed the anxiolytic effects of formononetin [20].
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Real-time Polymerase Chain Reaction (RT-
PCR)
The rats were sacrificed, and the hypothermic 
samples were extracted, frozen in liquid ni-
trogen, and kept at – 80˚C. Based on the acid 
guanidinium thiocyanate-phenol-chloroform 
method, TRIzol (Qiagen, Germany) reagent 
was used for the extraction of total RNA. The 
cDNA synthesis kit (Biotech rabbit, Germa-
ny) was used to convert RNA (1µg of total 
RNA) to cDNA. The SYBR Green (Takara 
Bio Inc., Japan) PCR Master Mix was then 
used to perform real-time PCR. The reaction 
was incubated at 95 Cº for 15 min, followed 
by 40 cycles of denaturation at 95 Cº for 20 
seconds, annealing at 60 Cº for 15 sec exten-
sion at 72 Cº for 10 sec. The sequences of 
primers have been mentioned in the Table-1. 
Relative changes in mRNA levels were eval-
uated using the 2-ΔΔCT method. GAPDH was 
used to normalize the gene expression of each 
sample. 

Statistical Analysis
The experimental data were analyzed using 
SPSS software (version 16), one-way ANO-
VA with a post-hoc Tukey test. Statistical sig-
nificance was set at P≤0.05. Mean ± SEM was 
used to express the results.

Results

Injection of 20 µg formononetin did not cause 
a remarkable reduction in the mRNA levels 
of Gnrh compared to the control group (Fig-
ure-1, P=0.151). However, 40 µg formonone-
tin significantly reduced the mRNA levels of 
Gnrh in comparison to the control (Figure 1, 
P=0.01). Also, the result indicated a signifi-
cant decrease in the mRNA levels of Gnrh in 

the hypothalamus of rats receiving 40 µg for-
mononetin compared to ones that received 20 
µg formononetin (Figure-1, P=0.09). 
The mRNA levels of Kiss1 remarkably re-
duced in the animals receiving 20 and 40 µg 
formononetin compared to the control (Fig-
ure-2, P=0.000 and P=0.000). However, a sig-
nificant reduction was not occurred between 
the influences of 20 and 40 µg formononetin 
on Kiss1 mRNA levels (Figure-2, P=0.964).
The mRNA levels of Tac2 did not decline sig-
nificantly in rats receiving 20 µg formononetin 
compared to the control (Figure-3, P=0.262). 
The mRNA levels of Tac2 remarkably de-
creased in the group of 40 µg formononetin 
compared to control (Figure-3, P=0.000). 
Also, a significant decrease occurred between 
the impacts of 20 and 40 µg formononetin on 
the mRNA levels of Tac2 (Figure-3, P=0.001).

Discussion

Present results indicated that formononetin 
caused a remarkable reduction in the hypo-
thalamic mRNA levels of Gnrh. The present 
findings are consistent with the previous ones 
which documented phytostrogens and 17 β- 
β-estradiol (E2) may downregulate the ex-
pression of Gnrh gene [21, 22]. The E2 could 
participate in the regulating of reproduction 
by hyperpolarizing GnRH neurons and inhib-
iting their firing rate via activating inward rec-
tifying K channels and blocking Na channels. 
E2 is able to alter GnRH neurons activity via 
postsynaptic binding to ERα and presynaptic 
binding to ERβ [22]. Several previous studies 
in male rodents, men and other species docu-
mented that androgens and hypothalamic es-
trogen derived from testosterone by the action 
of enzyme aromatase are involved in the neg-

 Table 1. Sequence of Forward and Reverse Primers
primers sequences

GnRH 5′- GGCTTTCACATCCAAACAGA -3′
5′- GCCTTCCAAACACACAGTCA -3′.

Kiss1 5′- TGATCTCGCTGGCTTCTTGGC -3′
5′- GGGTTCAGGGTTCACCACAGG -3′.

Tac2 5′- GGAAGGATTGCTGAAAGTGCTGAG -3′
5′- GGGAGTGTCTGGTTGGCTGTTC -3′.

GAPDH 5′- AAGTTCAACGGCACAGTCAAG -3′
5′- CATACTCAGCACCAGCATCAC -3′.
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Figure 1.  Impacts of formononetin on mRNA levels of Gnrh in the hypothalamus of rats. *: compared with control, &: compared with 20 
µg group. 

Figure 2.  Impacts of formononetin on mRNA levels of Kiss1 in the hypothalamus of rats. *: compared with control. 

Figure 3.  Impacts of formononetin on mRNA levels of Tac2 in the hypothalamus of rats. *: compared with control, &: compared with 20 
µg group. 
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ative feedback controlling GnRH/LH release. 
In addition to inhibiting the release of GnRH, 
hypothalamic estrogen inhibits the response 
of the pituitary gland to GnRH [23]. In fact, 
dysfunction of hypothalamic 17 β-estradiol 
could disrupt the HPG activity and natural re-
production process in males [23, 24].
Phytoestrogens which are consumed to im-
prove mood, anxiety, hot flashes, or cogni-
tive function may interfere with the action of 
the reproductive axis due to their estrogenic 
potency and their interference with the estro-
gen receptors [3, 25]. Formononetin exhib-
its direct binding potency to both estrogenic 
receptor (ER) subtypes, ERα and ERβ. So, 
formononetin may have the ability to trigger 
some functions evoked by the estrogens [26, 
27]. Both Red clover and formononetin are 
capable of increasing serum concentration of 
E2 in menopausal women and PCOS patients 
[18, 28, 29]. So, the estrogenic potency of for-
mononetin may be a possible mechanism to 
inhibit the hypothalamic Gnrh. 
To unravel some intra-hypothalamic mecha-
nisms which through formononetin may in-
hibit the GnRH, the present research aimed 
to study the alteration of kisspeptin and NKB 
circuits activity upstream of the GnRH neu-
rons. As expected, formononetin inhibits hy-
pothalamic Kiss1 and Tac2 gene expression. 
As previous studies demonstrated disturbance 
of kisspeptin/GPR54 and NKB signaling path-
way is a crucial factor in the physiopathology 
of reproductive disorders, and over-secretion 
of kisspeptin and NKB is linked to the over-
production of GnRH [4]. Also, in addition to 
the co-expression of NKB and dynorphin for 
driving GnRH/LH pulses, kisspeptin neurons 
of the ARC nucleus co-express glutamate and 
glutamate transporter [30, 31]. In gonadecto-
mized males,  the expression of gene-coding 
glutamate transporter and glutamate release 
are elevated in the kisspeptin neurons which 
is a demonstration of the suppressive impact 
of gonadal steroids on glutamate in these neu-
rons [31, 32]. In addition, it is documented that 
E2 treatment leads to decrease in the number 
of kisspeptin and NKB neurons and it inhibits 
the Kiss1 and Tac2 mRNA expression in the 
ARC nucleus which is responsible for the ton-
ic pulsatile release of GnRH/LH in both sex-
es [30, 32]. In fact, the synchronized activity 

of kisspeptin neurons of ARC is essential to 
trigger the pulsatile GnRH secretion [33]. It 
has been revealed that glutamate induces the 
synchronous activity of kisspeptin neurons 
and NKB potentiates the glutamate-driven 
synchronizations in the KNDy neural circuits 
to control GnRH release [33].
Based on several studies, the physiologi-
cal activity of formononetin is linked to the 
downregulation of the glutamatergic signal-
ing pathway. Formononetin is capable of 
suppressing the gene expression of glutamate 
receptors [17]. Also, analgesic impacts of for-
mononetin have been shown in a rat model 
of glutamate-induced nociception [34, 35]. 
Studying the neuroprotective potency of for-
mononetin, established its suppressive effects 
against glutamate-induced cell death [35, 36]. 
So, downregulation of the glutamatergic sig-
naling pathway could be a possible mecha-
nism that through formononetin may decline 
the mRNA levels of Kiss1 and Tac2.
The potential therapeutic implications of the 
present findings may be helpful to the damp-
ing of menopausal hot flashes which are cor-
related with a significant decrease in steroid 
hormones and higher secretion of GnRH/ LH 
[37]. Over secretion of GnRH/LH is associat-
ed with the overproduction of kisspeptin and 
NKB upstream GnRH neurons [4] and meno-
pausal women suffer from elevated levels of 
GnRH, kisspeptin and NKB [4, 10, 38]. It has 
been demonstrated that kisspeptin and NKB 
signaling pathways are important mediators 
for the induction of menopausal hot flush-
es and they link estrogen deficiency to hot 
flushes [4]. As, the present results demonstrat-
ed the inhibitory effects of formononetin on 
mRNA levels of Gnrh, Kiss1, and Tac2. So, 
formononetin may be supposed to have clin-
ically important therapeutic implications for 
reducing hot flashes due to its association with 
the blockade of NKB and kisspeptin signaling 
pathways. 

Conclusion

The results indicated that a third cerebral ven-
tricle injection of formononetin significantly 
reduced the mRNA levels of Gnrh in the hypo-
thalamus of male rats. This finding implies a 
direct link between the downregulation of kis-
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speptin and NKB signaling pathways and the 
reduction of the mRNA levels of hypothalam-
ic Kiss1 and Tac2 in the formononetin-treated 
rats. The present study highlights formonone-
tin’s potential involvement in controlling the 
HPG axis. However, further studies are need-
ed to investigate the role of formononetin in 
the regulation of other intra-hypothalamic 
reproductive signaling pathways upstream 
GnRH neurons such as ghrelin, neuropeptide 
Y, leptin, orexin and corticotrophin-releasing 
hormone (CRH) in intact or ovarian polycys-
tic models of rats. One important limitation of 
the present study could be the impossibility of 

using the western blot technique to detect the 
protein levels of samples, which requires at-
tention in future studies. 
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