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ABSTRACT
Background:  Existing treatments for primary dysmenorrhoea (PD), such as NSAIDs, impart side effects. 
Ge-Gen decoction (GGD), a traditional Chinese medicine, has shown promise in treating PD, but its exact 
mechanisms remain unclear. Here, we aimed to investigate the efficiency of GGD in alleviating PD using 
a rat model to understand its precise mechanism of action.
Methods:  We established a rat model of dysmenorrhoea induced by oestradiol and oxytocin. The PD 
rats were administered GGD or Ibuprofen (positive control) intragastrically once daily for seven consecutive 
days. Serum levels of prostaglandin E2 (PGE2), prostaglandin F2 alpha (PGF2α), β-endorphin (β-EP), 
thromboxane B2 (TXB2), 6-keto-prostaglandin F1α (6-keto-PGF1α) were determined using an 
enzyme-linked immunosorbent assay (ELISA). The expression levels of oestrogen receptor alpha (ERα) 
and cyclooxygenase-2 (COX-2) in uterine tissue were measured using immunohistochemical assays, and 
those of phosphorylated and total extracellular signal-regulated protein kinases 1 and 2 (ERK1/2) were 
assessed using western blot analysis.
Results:  Treatment with GGD significantly reduced writhing behaviour, histopathological scores, and 
levels of COX-2, PGE2, and PGF2α in the serum of PD rats. Additionally, GGD increased β-EP content and 
inhibited ERK1/2 activation and ERα expression in uterine tissues.
Conclusions:  The results of this study suggest that GGD alleviates PD in rats by suppressing the COX-2-
mediated release of PGE2 and PGF2α, modulating the ERα/ERK1/2/COX-2 pathway, and increasing β-EP 
content. These results provide insights into the potential mechanisms of GGD in treating PD and support 
its further investigation as an alternative therapy for this condition.

PLAIN LANGUAGE SUMMARY
Ge-Gen decoction is commonly used to alleviate primary dysmenorrhoea. However, its anti-dysmenorrhoea 
mechanism remains elusive. In this study, using a rat model of primary dysmenorrhoea, we demonstrate 
that Ge-Gen decoction reduced the levels of cyclooxygenase-2, prostaglandin E2, and prostaglandin F2 
alpha in serum and phosphorylated extracellular signal-regulated protein kinases 1 and 2 in the uterus. 
These results suggest that Ge-Gen decoction alleviates primary dysmenorrhoea via inactivation of the 
oestrogen receptor alpha/extracellular signal-regulated protein kinases 1 and 2/cyclooxygenase-2 
pathway. This study enhances our understanding of the pathogenesis of primary dysmenorrhoea and 
may potentially inform the development of novel treatment approaches.
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Introduction

Primary dysmenorrhoea (PD) is a prevalent and debilitating 
gynaecological problem characterised by menstrual pain 
without evident pelvic abnormalities (Tu and Hellman 2021). 
Traditionally, PD is treated with NSAIDs, which often prove 
ineffective and lead to adverse effects such as drowsiness, 
indigestion, and headache (Tu and Hellman,2021 Ahmadi 
et  al. 2022). To overcome these limitations, traditional Chinese 
medicines (TCM), which exert minimal adverse effects, have 
been recognised as an effective alternative approach to alle-
viate the symptoms of PD (Leem et  al. 2019, Chai et  al. 2020, 
Li et  al. 2021, 2022 Ma et  al.2021, Yuan et  al. 2021).

Ge-Gen decoction (GGD) is a polyherbal TCM comprising 
various concentrations of Gegen (Pueraria lobata), Ephedrae 
(Ephedra sinica), Cinnamon Twig (Cinnamomum cassia), Bai 
Shao (Paeonia lactiflora), ginger (Gingiber officinale), 
Glycyrrhizae Radix Et Rhizome (Glycyrrhiza uralensis), and Red 
Dates (Ziziphus jujuba). A previous clinical study has demon-
strated its beneficial effects against PD without inducing any 
significant adverse effects (Chai et  al. 2020). In rat models of 
PD, GGD has been shown to markedly reduce uterine tetanic 
contraction and increase uterine artery blood velocity, possi-
bly involving prostaglandin F2α (PGF2α) and calcium signal-
ling (Yang et  al. 2016). However, the precise mechanisms 
underlying the therapeutic effects of GGD against PD remain 
unclear.

Increased intrauterine secretion of PGs is responsible for 
pelvic pain associated with PD (Tu and Hellman 2021). 
Cyclooxygenase-2 (COX-2) is a key enzyme that catalyses the 
rate-limiting step in converting arachidonic acid to PGs 
(Ahmadi et  al. 2022). COX-2 expression is regulated by extra-
cellular signal-regulated protein kinases 1 and 2 (ERK1/2) sig-
nalling (Guo et  al. 2020, Nakano et  al. 2020, Nakayama et  al. 
2022), which is activated and expressed in PD (Tong et  al. 
2021, Liu et  al. 2022, Zhao et  al. 2022). Increasing evidence 
suggests that COX-2-mediated secretion of PGs is crucial for 
the development of PD (Tu and Hellman,2021 Ahmadi et  al. 
2022). However, it remains unclear whether ERK1/2 is respon-
sible for COX-2-mediated PG secretion in patients with PD. 
Oestrogen receptor alpha (ERα) is a nuclear transcription fac-
tor responsible for maintaining oestrogen homeostasis in the 
uterus to ensure physiological responsiveness (Wright and 
Lannigan 2023). Moreover, the ERK1/2 pathway is involved in 
the regulation of ERα-mediated responses (Lannigan,2022 
Wright and Lannigan 2023). Therefore, we hypothesised that 
the ERα/ERK1/2/COX-2 pathway may play a role in the patho-
genesis of PD, and therapeutic interventions targeting this 
pathway may exert protective effects against PD. However, 
the mechanistic link between the ERα/ERK1/2/COX-2 pathway 
and the anti-PD activity of GGD remains unexplored.

To test this hypothesis, in this study, we aimed to eluci-
date the mechanistic link between the ERα/ERK1/2/COX-2 
pathway and the anti-PD activity of GGD and explore the 
potential therapeutic effects of targeting this pathway. The 
findings of this study will provide mechanistic insights into 
the understanding of the pathogenesis and inflammatory 
processes in the pelvic region and potentially aid the devel-
opment of novel treatment approaches.

Methods

GGD preparation

The GGD preparation comprised Paeonia lactiflora (15 g), 
Ephedrae (5 g), Pueraria lobata (20 g), Cinnamon Twig (15 g), 
ginger (10 g), Glycyrrhizae Radix Et (10 g), and Red Dates 
(20 g), and Rhizome (10 g). All materials were obtained from 
the Taicang TCM Hospital, and GGD was prepared as 
described in a previous study (Xie et  al. 2020). Briefly, the 
materials were soaked in 1000 mL water for 30 min and 
then decocted with boiling water twice for 2 h each time. 
Finally, the extracts were pooled, filtered, incubated in a 
water bath at 60 °C, and evaporated to 100 mL. The final 
extract was transferred to a bottle and stored at 4 °C for 
further use.

Animals and treatment

A total of 24 female Sprague Dawley (SD) 8-week-old rats 
weighing 200–250 g were obtained from Huachuang Sino Co., 
Ltd. (Taizhou, China). The rats were housed in a controlled 
environment with a 12-h light/12-h dark cycle at a tempera-
ture of 22 ± 2 °C and humidity of 45 ± 10%. All animal experi-
ments were approved by the Ethics Committee of Taicang 
Hospital of Traditional Chinese Medicine (approval number: 
2021-031).

The PD model of rats was established as described in a 
previous study (Xie et  al. 2020). Each rat was subcutaneously 
injected with oestradiol benzoate once a day for 10 consecu-
tive days; on days 1 and 10, the dose was 0.5 mg/rat, while 
on days 2–9, the dose was reduced to 0.2 mg/rat. On the 11th 
day of modelling, each rat was given an intraperitoneal injec-
tion of oxytocin (2 U/rat). After a one-week adaptation, 24 rats 
were randomly divided into four groups (n = 6 rats/group): 
sham, PD, GGD, and ibuprofen. The rats in the GGD and ibu-
profen groups were administered GGD (1.8 mg/g) and 
Ibuprofen (0.06 mg/g) solubilised in distilled water once daily 
via the intragastric route. Rats in the PD and sham groups 
received an equivalent amount of distilled water once daily. 
The flowchart of the study is shown in Figure 1.

Determination of writhing reaction

Writhing frequency and latency were measured 30 min after 
oxytocin administration through careful observation of the 
twists and contortions of the physique of each rat.

Histopathological examination

Uterine tissues were washed in phosphate buffer, fixed in 5% 
formalin at room temperature, dehydrated in a graded con-
centration of ethanol, and then embedded in paraffin. Tissue 
sections of 4 μm were stained with haematoxylin and eosin 
(H&E) to evaluate the histopathological changes. Digital 
images of uterine morphology were obtained using a light 
microscope (Olympus CKX53, Tokyo, Japan). The morphologi-
cal changes in the uterus of the rats were graded as 0–3: 0, 
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no pathological observations [the uterine structure is clear, 
with a three-layer structure, including the endometrium, myo-
metrium, and adventitia from inside to outside. The endome-
trial epithelial cells are complete, the distribution of glands in 
the lamina propria is normal, and the thickness of the endo-
metrium and myometrium is normal] and 3, severe patholog-
ical damage [the uterine structure is disordered, the uterine 
cavity is not smooth, gland distribution in lamina propria is 
abnormal, gland hypertrophy, endometrial hyperplasia is 
obvious, myometrial hyperplasia is obvious, and inflammatory 
cell infiltration is obvious].

Immunohistochemistry (IHC)

The expression of COX-2 and ERα in uterine tissues was deter-
mined using IHC. The tissue sections were incubated at 4 °C 
with anti-COX2 and anti-ERα primary immunoglobulins for 
12 h, followed by incubation with the appropriate secondary 
immunoglobulins for 1 h. After staining the sections with DAB 
and counterstaining with haematoxylin, images were acquired 
using a scanner (Pannoramic MIDI, 3D histech, Hungary). 
Image-Pro Plus software (version 6.0) was used to quantify 
the integrated optical density (IOD) and average optical den-
sity (AOD) based on IOD as follows:

	 AOD
IOD

Area
=
∑( )
∑( )

	

Western blot assay

Western blotting was performed as previously described (Xie 
et  al. 2020). The antibodies used in this study included 

anti-phosphorylated ERK1/2 (Cat. No. ab201015, 1:1000, 
Abcam, USA), anti-ERK1/2 (Cat. No. 11257-1-AP, 1:1000, 
Proteintech, USA), and anti-ERα (Cat. No. 21244-1-AP, 1:1000, 
Proteintech, USA).

Enzyme-linked immunosorbent assay (ELISA)

Serum levels of PGF2α, PGE2, β-endorphin (β-EP), thrombox-
ane B2 (TXB2), 6-keto-PGF1α in each rat group were mea-
sured using commercial ELISA kits: PGF2α (Catalog No. 
516011) and PGE2 (Cat. No. 514010) obtained from Cayman 
Chemicals (MI, USA), β-EP (Cat. No. H221-1-1), TXB2 (Cat. No. 
H173-1-1), and 6-keto-PGF1α (Cat. No. H204-1) kits obtained 
from Nanjing Jincheng Bioengineering Institute (Jiangsu, 
China). All procedures were performed in accordance with 
the manufacturer’s instructions.

Statistical analysis

All statistical analyses were conducted using the GraphPad 
Prism software (version 9.0, USA). Data are presented as the 
mean ± standard deviation (SD). Two-group comparisons were 
performed using the Student’s t-test, whereas multiple groups 
were compared using one-way analysis of variance and the 
Student–Newman–Keuls test. Statistical significance was set at 
p < 0.05.

Results

GGD suppressed PD

The basal body weight (before treatment administration) did 
not differ among the groups (Figure 2(A)), while all groups 

Figure 1. A  flow chart of this study. SD: Sprague Dawley; PD: Primary dysmenorrhoea; GGD: Ge-Gen decoction; IBF: Ibuprofen; H&E: Haemotoxylin and Eosin; ELISA: 
Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry; WB: Western blot; PGE2: Prostaglandin E2; PGF2α: Prostaglandin F2 alpha; ERα: Oestrogen recep-
tor alpha; ERK1/2: Extracellular signal-regulated protein kinases 1 and 2; COX-2: Cyclooxygenase-2.
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except for the control group lost weight after 10 days of mod-
elling (Figure 2(B), p < 0.01). As shown in Figure 2C, compared 
with the sham control group, the oxytocin-induced writhing 
times increased significantly in the PD group (p < 0.01). In 
contrast, the writhing frequencies were significantly reduced 
in the GGD and ibuprofen groups compared to that in the PD 
group (p < 0.01). However, those of the GGD and ibuprofen 
groups were not comparable (p > 0.05). Furthermore, H&E 
staining revealed significantly higher histopathological scores 
in PD rats than in sham rats (p < 0.01), whereas GGD signifi-
cantly reduced the histopathological score (p < 0.01). These 
data indicate the suppressive influence of GGD on PD.

Next, we assessed the effect of GGD on COX-2 levels in PD 
rat uteri using IHC. As shown in Figure 3(A), the relative pro-
tein level of COX-2 in the PD group was significantly higher 
than that in the sham group (p < 0.01). However, the relative 
protein level of COX-2 in the GGD group was significantly 
lower than that in the PD group (p < 0.01). Furthermore, the 
ratio of PGF2α/PGE2 (Figure 3(B)) and TXB2/6-keto-PGF1α 
(Figure 3(C)) increased significantly in the PD group (p < 0.01), 
while the ratios decreased significantly in the GGD group 
(p < 0.01). The β-EP content of the PD group was significantly 
lower than that of the sham group (Figure 3(D); p < 0.01). In 
contrast, the β-EP content of the GGD group increased signifi-
cantly (p < 0.01).

GGD inhibited ERK1/2 activation in the uterine tissue of 
PD rats

Next, we examined the influence of GGD on ERK1/2 activa-
tion in the uterine tissues of PD rats using western blotting. 
Relative to sham rats, phosphorylated ERK1/2 expression was 
markedly increased in PD rats, whereas the total ERK1/2 levels 
remained unchanged (Figure 4). In contrast, phosphorylated 
ERK1/2 levels were significantly reduced following GGD 

administration (Figure 4, p < 0.01), indicating that GGD inhib-
ited ERK1/2 activation in the uterus of PD rats.

GGD reduced uterine tissue ERα expression

Evaluation of the effects of GGD on ERα levels in the uterine 
tissues of PD rats revealed significantly higher expression of 
Erα in the PD group than that in the sham group (Figure 5(A); 
p < 0.01), which was significantly reduced in the GGD group 
(p < 0.01). Consistently, IHC analysis revealed increased ERα 
levels in the PD group (Figure 5(B), p < 0.01), which were 
decreased in the GGD group (p < 0.01). These data indicated 
that uterine ERα expression was reduced by GGD.

Discussion

This study investigates the effectiveness of GGD in treating 
PD using a rat model and underscores its mechanism of 
action. The rat PD model is widely used in research on possi-
ble anti-PD mechanisms of TCM (Cheng et  al. 2018, Zhang 
et  al. 2021, Su et  al. 2022). The ratio of PGF2α/PGE2 is rec-
ognised as a diagnostic indicator for PD, while the ratio of 
TXB2, a metabolite of thromboxane A2 (TXA2) that plays a 
role in promoting blood clot formation (thrombosis) and 
6-keto-PGF1α, a metabolite of prostacyclin (PGI2) that has a 
vasodilatory effect is associated with blood flow velocity 
(Zhang et  al. 2021, Zhao et  al. 2022). β-EP has a powerful 
endogenous analgesic effect (Zhang et  al. 2021, Zhao et  al. 
2022), is influenced by sex hormones, and participates in the 
regulation of reproductive endocrine (Zhang et  al. 2021, Zhao 
et  al. 2022). In this study, a PD model of rats was successfully 
established as evidenced by the decrease in β-EP and increase 
in PGF2α/PGE2, TXB2/6-keto-PGF1α, and the significant 
increase in writhing time, combined with histopathological 

Figure 2. T he anti-PD effects of GGD on PD model rat. (A) The weight of the rat on day 1 of the experiment. (B) The weight of the rat on day 10. (C–E) The 
writhing numbers (C), uterine index (D), and pathological changes in the uterine tissue (E) in each group, as determined using H&E staining, scale bar = 50 µM. 
The black arrow represents the lesion. Data are presented as mean ± SD (n = 6). **, p < 0.01 vs. Sham group, ##, p < 0.01 vs. GGD group (Tukey–Kramer’s test). PD: 
Primary dysmenorrhoea; GGD: Ge-Gen decoction; IBF: Ibuprofen.
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changes of uterine tissues. Our results revealed that GGD 
treatment significantly reduced the frequency of writhes, the 
histopathological score, the ratio of PGF2α/PGE2 and 
TXB2/6-keto-PGF1α, and increased β-EP content, indicating 
that GGD suppressed PD.

PGE2 and PGF2α, the primary members of the PG family, 
have been implicated in uterine contractility through inter-
action with their corresponding receptors located on the 

spiral arterioles (Iacovides et  al. 2015, Barcikowska et  al. 
2020). PGE2 and PGF2α levels are upregulated in the periph-
eral blood and uterine tissues of patients with PD (Iacovides 
et  al. 2015, Barcikowska et  al. 2020). Moreover, increasing 
evidence has demonstrated that high levels of PGE2 and 
PGF2α lead to pathological pain associated with uterine 
contractions (Iacovides et  al. 2015, Barcikowska et  al. 2020). 
COX-2, an isoform of COX, is crucial for synthesising PGs and 

Figure 3. E ffect of GGD on COX-2 expression and serum biochemical indexes. (A) The protein levels of COX-2 in the uterine tissue of each group, as determined 
using IHC, scale bar = 20 µM. (B) The ratio of PGF2α/PGE2 and TXB2/6-keto-PGF1α and β-EP content in the serum of rats determined using corresponding ELISA 
kits. Data are presented as mean ± SD (n = 6). **, p < 0.01 vs. Sham group, ##, p < 0.01 vs. GGD group (Tukey–Kramer’s test). PD: Primary dysmenorrhoea; GGD: 
Ge-Gen decoction; IBF: Ibuprofen; β-EP: β-endorphin; TXB2, thromboxane B2; 6-keto-PGF1α: 6-keto-prostaglandin F1α; ELISA: Enzyme-linked immunoabsorbent 
assay.

Figure 4. E ffect of GGD on the activation of ERK1/2 signalling. The protein levels of phosphorylated ERK1/2 and total ERK1/2 in the uterine tissue of each group 
were measured with western blotting. Data are presented as mean ± SD (n = 3). **, p < 0.01 vs. Sham group, ##, p < 0.01 vs. GGD group (Tukey–Kramer’s test). PD: 
Primary dysmenorrhoea; GGD: Ge-Gen decoction; IBF: Ibuprofen.
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is involved in pain and inflammation processes (Marjoribanks 
et  al. 2015, Ahmadi et  al. 2022). In conditions like PD, COX2 
has been shown to regulate the levels of PGE2 and PGF2α, 
contributing to its pathogenesis (Marjoribanks et  al. 2015, 
Ahmadi et  al. 2022). The findings of this study showed that 
GGD treatment reduced the levels of PGE2 and PGF2α in 
the serum of PD rats, suggesting that GGD may alleviate PD 
by suppressing the COX-2-mediated release of PGE2 
and PGF2α.

The ERK1/2 pathway is crucial for the production of 
inflammatory cytokines and the mediation of oxytocin sig-
nalling (Morita et  al. 2019, Lucas et  al. 2021, Devost et  al. 
2022, El-Ganainy et  al. 2022), both of which are implicated in 
the pathogenesis of PD (Barcikowska et  al. 2020, Tu and 
Hellman 2021). Studies have demonstrated the upregulation 
of the ERK1/2 pathway in PD, suggesting a potential thera-
peutic effect of TCM through its inactivation (Tong et  al. 
2021, Liu et  al. 2022, Zhao et  al. 2022). Previous studies have 
shown that Sclareol, a natural product isolated from Salvia 
sclarea, alleviated dysmenorrhoea by downregulating the 
expression of phosphorylated ERK (Wong et  al. 2020). 
Furthermore, the ERK1/2 pathway regulates COX-2 expression 
in various cells, including human endometriotic cells (Guo 
et  al. 2020, Nakano et  al. 2020, Nakayama et  al. 2022). In this 
study, GGD reduced the uterine tissue levels of p-ERK1/2, 
indicating that COX-2 downregulation may be attributed to 

the inactivation of ERK1/2. However, the exact mechanism by 
which ERK1/2 mediates this reduction in COX-2 expression in 
PD rats is not yet understood. A previous study suggested 
that ERK1/2 may act through the RNA-binding protein p42 
AUF1 to regulate COX-2 expression (Zhai et al. 2010). Recently, 
a study in PD mice has shown that uterine COX-2 expression 
is influenced by NF-κB, a downstream pathway of ERK1/2 sig-
nalling (Tang et  al. 2020). Nevertheless, further investigation 
is essential to clarify the involvement of p42 AUF1 and NF-κB 
in the GGD-induced reduction of COX-2. Additionally, COX-2 
has been shown to be responsible for the activation of the 
ERK1/2 pathway (Guo et  al. 2013), indicating a regulatory 
loop between ERK1/2 and COX-2. Exploring this regulatory 
loop in patients with PD after GGD treatment will be of 
interest.

The nuclear transcription factor ERα has been implicated 
in the regulation of many complex physiological processes in 
humans (Fuentes and Silveyra 2019). Dysregulated ERα signal-
ling is associated with various diseases, prompting research 
into potential therapeutic agents that target ERα for the man-
agement of different pathological conditions, including 
inflammation (Lin et  al. 2020, Cephus et  al. 2021, Frump et  al. 
2021). In addition, ERα plays a critical role in uterine oestro-
gen homeostasis, thereby maintaining physiological respon-
siveness (Wright and Lannigan 2023). Studies have indicated 
that higher ERα expression is linked to moderate to severe 

Figure 5. E ffect of GGD on ERα expression. The protein level of ERα in the uterine tissue of each group, as measured with western blotting (A) and IHC (B). scale 
bar = 20 µM. Data are presented as mean ± SD (n = 3–4). **, p < 0.01 vs. Sham group, ##, p < 0.01 vs. GGD group (Tukey–Kramer’s test). PD: Primary dysmenorrhoea; 
GGD: Ge-Gen decoction; IBF: Ibuprofen.
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dysmenorrhoea and deep dyspareunia, suggesting that symp-
tom severity is influenced not just by circulating oestrogens 
but also by tissue expression of ERα (Pluchino et  al. 2020). In 
the current study, GGD reduced ERα levels in the uterine tis-
sue of PD rats. A previous study has demonstrated that ERα 
mediates the oestrogen-induced activation of ERK1/2 (Sun 
et  al. 2017), and conversely, ERK1/2 regulates ERα-mediated 
responses (Lannigan,2022 Wright and Lannigan 2023). These 
findings suggest that GGD-mediated inactivation of the 
ERK1/2 pathway in the PD rat uterus could be due to 
decreased ERα expression.

In conclusion, this study has shown that the treatment 
effects of GGD on PD are associated with the inactivation of 
the ERα/ERK1/2/COX-2 pathway in the uterus (Figure 6). These 
findings provide new insights into the treatment of PD and 
support the potential use of GGD as an alternative ther-
apy for PD.
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