Han et al. Basic and Clinical Andrology (2023) 33:25 Basic and Clinical And rology
https://doi.org/10.1186/5s12610-023-00200-3

: . : ™
Mechanism of Shugan Yidan fang, a Chinese =

herbal formula, in rat model of premature
ejaculation

Qiang Han', Jun Guo?, Renyuan Wang', Jiangminzi Li*, Fu Wang?, Qinghe Gao?, Jiwei Zhang?,
Hetian Wang' and Yin Zeng'"

Abstract

Background Premature ejaculation (PE) is one of the most common forms of sexual dysfunction in men, and multi-
modal therapeutic regimens should be considered to treat the condition. We developed a Chinese medicine herbal
medicine, Shugan Yidan fang that had a significant clinical effect on PE patients, extending the time between pen-
etration and ejaculation. However, the mechanism of this formula remains unclear. There is evidence that PE is asso-
ciated with peripheral neuropathology, and the actions of dopamine (DA) and 5-hydroxytryptamine (5-HT). The

aim of this study was to investigate the mechanism of Shugan Yidan fang’s effect on PE through the relationship
between sexual behavioristics and the level of neurotransmitters and dopamine receptors (DARs).

Results We showed that the male PE groups had a significant PE phenotype compared to healthy rats. Treat-
ment with Shugan Yidan fang improved the behavioristics of the PE rats, and reduced the expression of DAR mRNA
and protein while improving dopamine transporter levels.

Conclusions Our study provided evidence for the beneficial effect of Shugan Yidan fang in PE therapy, and proposed
a preliminary potential mechanism for the clinical application of the formula.
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Résumé

Contexte ['éjaculation précoce (EP) est I'une des formes les plus courantes de dysfonction sexuelle chez les hommes,
et des régimes thérapeutiques multimodaux doivent étre envisagés pour traiter la maladie. Nous avons développé
une phytothérapie de médecine chinoise, dénommée Shugan Yidan fang, qui a eu un effet clinique significatif sur

les patients atteints d'EP, prolongeant le temps entre la pénétration et I'¢jaculation. Le mécanisme d'action de cette
formule reste cependant flou. Il existe des preuves que I'EP est associée a une neuropathologie périphérique et aux
actions de la dopamine (DA) et de la 5-hydroxytryptamine (5-HT). Le but de cette étude était détudier le mécanisme
de l'effet de Shugan Yidan sur I'EP a travers la relation entre les comportements sexuels et le niveau de neurotrans-
metteurs et de récepteurs de la dopamine (DAR).
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Résultats Nous avons montré que les groupes PE males avaient un phénotype PE significatif par rapport aux rats
sains. Le traitement avec Shugan Yidan fang a amélioré les comportements sexuels des rats PE et a réduit l'expression
de 'ARNm DAR et des protéines, tout en améliorant les niveaux de de transporteurs de la dopamine.

Conclusions Notre étude a fourni des preuves de l'effet bénéfique du Shugan Yidan dans la thérapie de la PE, et
a proposé un mécanisme potentiel préliminaire pour l'application clinique de la formule.

Mots-clés Ejaculation précoce, Shugan Yidan, Récepteur de la dopamine, Rat

Introduction

Premature ejaculation (PE) is the most common male
sexual dysfunction [1], with the prevalence of PE 20%-
30% based on the statistics in the Guidelines for the
diagnosis and treatment of male sexual dysfunction in
Europe [2]. Patients with PE have a shorter ejaculation
time, which seriously affects their quality of life. The
low frequency of sexual life not only affects the relation-
ship between the partners, but also induces anxiety and
depression and other mental disorders in patients [3].
However, the pathophysiology of PE is still not clearly
understood.

Recent research showed that PE is associated with
peripheral neuropathology [4]. Animal studies have
shown that 5-hydroxytryptamine(5-HT) and dopamine
(DA) play an essential role in the pathology of PE [5, 6].
However, as a first-line treatment for PE [7], the selec-
tive serotonin re-uptake 5-HT inhibitor-, dapoxetine,
has been reported to have several side-effects, includ-
ing nausea, diarrhea and headache. DA, an important
neurotransmitter, regulates mental activity and somatic
movement through the DA receptor (DAR) and trans-
porter (DAT) [8], which play key roles in the mecha-
nism of ejaculation. The DAT participates in the control
of both the extracellular and intraneuronal level of DA
homeostasis, thereby providing effective control over
the activity of dopaminergic transmission. Studies have
demonstrated that D2-like receptors of DAR-D2 and
D3 participate in DA secretion [9], with these recep-
tors highly expressed on cerebral nuclei and the nucleus
paraventricularis that are associated with regulation of
ejaculation. Moreover, studies in rats have shown that
pre-treatment of sulpiride, a non-selective DAR antago-
nist, avoids PE induced by several stimulants [10], while
68.8% patients with PE had a recovery after treatment
with the sulpiride [11]. Therefore, we consider that D2/
D3 receptors and DAT play important roles in ejacula-
tion, and are associated with the treatment of PE.

Recent studies have shown that traditional Chinese
medicine has effective functional properties with low side
effects in the treatment of PE [12, 13]. In previous clini-
cal observation, we showed that Shugan Yidan fang had
a remarkable clinical effect on PE. Studies have demon-
strated that the main active ingredient of Shugan Yidan

fang, radix bupleuri,regulates emotions and depression
[14], while polygala tenuifolia promotes the release of DA
and 5-HT [15].

This paper describes a further study in a rat model of
PE that investigated the potential mechanism of Shugan
Yidan fang in the therapy of PE. The findings of this study
on the relationship between DA/DAR/DAT and the for-
mula will be used to support the application of traditional
Chinese medicine for treating PE.

Materials and methods
The model and detection methods used in the study are
shown in the flowchart (Fig. 1).

Animals

Wistar rats weighing 200-250 g, including 60 males and
20 females, were provided by the Experimental Animal
Center, Beijing Institute of Traditional Chinese Medicine.
The male and female rats were kept in separate cages,
with free access to water and food. Animals were raised
in a 12-h light/dark cycle environment with a tempera-
ture of 18-22°C and relative humidity of 55%-70%. The
study was approved by the ethics committee of the Capi-
tal University of Medical, China.

Premature ejaculation model

Male rats were administered the DAR agonist,—pir-
ibedil, once a day at a dose of 5 pg/kg. After 15 days, we
started the sexual intercourse test daily for a total of two
weeks, that involved screening the PE rat models (3-5 in
30 min).

Preparation of female rats

Bilateral ovariectomy was performed in rats after they
had been anesthetized using pentobarbital sodium,
Sodium ampicillin was injected intramuscularly three
days after surgery to prevent infection. Two weeks later,
estradiol benzoate (2 mg/mL, 10 pl) and progesterone
(20 mg/ml, 25 ul) were injected subcutaneously. We
screened the female rats for oestrus using a smear pre-
pared from their vaginal discharge.
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Fig. 1 A flowchart for this work. DA, dopamine; DAR, dopamine receptors; DAT, dopamine transporter; PE, premature ejaculation

Drug administration and grouping

Clinically, Shugan yidan fang including Bupleurum 15 g,
Paeony 15 g, Codonopsis 10 g, Morinda morinda 15 g,
Pinellia pinellia 10 g, Bile south star 10 g, Atractyloides
10 g, Polygala tenuifolia 10 g, Honey-fried licorice root
6 g, decoction, one dose a day.

A random number table was used to assign the PE rats
to receive intragastric administration of ShuganYidan
fang at either low (8.75 g/kg/d), medium (17.5 g/kg/d), or
high (35 g/kg/d) doses for 4 weeks. The rats were divided
into six groups, including normal male rats (control)
that received intragastric administration of 10 mL/kg/d
distilled water, PE model rats, PE model rats receiving
0.3 mg/kg/d sulpiride (DAR antagonist), and PE model
rats receiving either low, medium, or high dose of Shug-
anYidan fang. The trials were carried out using a double-
blinded \ process, that involved the people in charge of
rat feeding, treatment, and data analysis not knowing the
gouping of the rats.

Mating experiment

The PE model rats were placed into cages with somber
and red color light irradiation. After 5 min the female rats
in oestrus were placed in;the cage and the behavior of the
rats was observed for 30 min. The following parameters
were recorded: Ejaculation function including ejacula-
tion latency (time from first insertion to ejaculation),

ejaculation frequency (number of ejaculations of the male
rats within 30 min), ability of sexual behavior including
intromission latency (time of first insertion by the male
rats after placement of the females in the cage), intromis-
sion frequency (number of vaginal insertions by male rats
into the female rats within 30 min). Indictors of sexual
desire including mount latency (time that the male rats
first licked the perineum, anus, or mouth of the female
rats after their placement in the cage) and mount fre-
quency (the number of times a male climbs on a female
within 30 min).

Hypothalamus separation and detection

Hypothalamus tissues were obtained from the rats after
the last mating test (6 rats in each group), and the levels
of DA and 5-HT were then tested using reversed phase
high-performance liquid chromatography (RP-HPLC).
Meantime, Reverse transcription-quantitative real-time
PCR (RT-qPCR), Western Blotting (WB) and enzyme-
linked immunosorbent assays (ELISA) were used to
detect the expression of adrenergic receptor (Alpha la),
DAR D2/D3 and the DAT.

Quantitative real-time PCR

qPCR was performed as described previously. In brief,
total RNA was extracted from the hypothalamus tis-
sues using the Trizol method. Total RNA concentration



Han et al. Basic and Clinical Andrology (2023) 33:25

was defined by the OD,,/OD,q, value. RNA was reverse
transcribed to cDNA by the PrimeScriptTM RT rea-
gent kit (Takara, Japan) according to the manufacturer’s
instructions. qPCR was performed using SYBR® Premix
Ex Taq"" II (Takara, Japan) in a quantitative fluorescence
PCR instrument (96 light cycler, Roche). The cycle pro-
grams of the PCR were 95°C for 30 s, 40 cycles of 95°C for
5 s and 60°C for 34 s, followed by 95°C for 15 s, 60°C for
60 s and 95°C for 15 s. The sequences of the primers used
were: DAT-F: CCTCTTTGGCGTGCTCATTG, DAT-
R: TGCTGACCACGACCACATAC. D2-F: CGGCCT
ACATAGCAACCCTG, D2-R: TTTCTGCGGCTCATC
GTCTT. D3-F: CACTCGACAGAACAGCCAGT, D3-R:
GGCTGCAGGTGTGACAAAAG. Actin-F: GGCTGT
GCTATCCCTGTACG, actin-R: AGGTAGTCAGTC
AGGTCCCG. Adrala-F: GGAGTCAGCAGTGCCAAG
AATAAGA, Adrala-R: AGCCAGCAGAGGACGAAG
CA. GAPDH-F: AGGTTGTCTCCTGTGACTTCAA,
GAPDH-R: CTGTTGCTGTAGCCATATTCATTG.
The level of gene expression was analyzed by the 2724¢t
method and normalized to that of actin.

Western blotting

The rat hypothalamus tissues were lysed in RIPA
buffer with PMSF protease inhibitors (Amresco, USA)
for 30 min on ice. The protein concentration of the
lysates was measured using the BCA protein concen-
tration determination kit (P0010, Beyotime, China).
Equivalent amounts of protein were then separated
electrophoretically on 10 to 15% SDS-PAGE gels and
transferred onto PVDF membranes. After blocking
with 5% milk in TBST for 1 h at room temperature, the
membranes were incubated at 4 °C overnight with the
primary antibodies (DRD2, ab85367; DRD3, ab42114;
Adrala, ab137123). The membranes were then washed
three times using TBST and incubated for 1 h at room
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temperature with the secondary antibodies (goat anti-
mouse IgG(H+L),1:2000, Beyotime, A0216; goat anti
rabbit IgG (H+L), 1:1000, Beyotime, A0208). ECL buffer
was added to the membranes; and the signals were visual-
ized using a fluorescence imaging system (ChemiQ4600,
Clinx Science,China).

Enzyme-linked immunosorbent assay

The ELISA kit (YT30086, YunTai Technology, China) was
used to detect the level of DAT in the hypothalamus tis-
sues according to the instructions of the manufacturer.
Briefly, tissues were mixed with a ninefold volume of PBS
and then grounded on ice, followed by centrifugation of
the homogenate at 5000 g for 5 min. The supernatant was
collected and tested using the ELISA kit.

Statistical analysis

SPSS 20.0 and Graphpad prism 8.0 were used to perform
the data analyses and graphic plotting. The data were
expressed as mean tstandard deviation (SD). Student’s
T test was used to compare differences between two
groups, while analysis of variance (ANOVA) was used for
the comparison of multiple groups. P<0.05 was consid-
ered as a significant difference.

Results

As shown in Table 1, the behavioristics of male rats
were tested to analyze the function of ejaculation, sexual
behavior, and sexual desire. Through the mating experi-
ment, we found that the ejaculation latency time of the
PE models (470.44 + 64.88 s) was significantly less than
that observed in the controls (764.2 +72.22 s, P= <0.05),
while the latency time showed a significant increase after
administration of sulpiride (758.63+55.15 s), medium
(737.56 £106.66) or high (744.+150.51 s) dose of Shugan
Yidan fang (P<0.05). The PE models (5+1.23) also had

Table 1 Statistical analysis of different sexual behavior indexes of male rats in all matting groups

Number Ejaculation Ejaculation Intromission Intromission Mount latency (s) Mount frequency (n)
latency(s) frequency latency(s) frequency (n)
(n)
Control 10 764.2+7222" 29+12F 31.8+478* 1517 13.5+3.06" 16+267"
PE 9 470.44+6488" 5+123" 2133+444 911419 811419 8+1.94"
PE +Sul 8 758.63+55.15" 263£141% 31254692 1475+282"  13.25+497" 15.63+2.83"
PE +low SY 9 48244+9133" 3.78+083" 24674559 1044+384"  967+3 1067+442"
PE+medium SY 9 737.56+106.66" 3114078 2967+693" 1544+350"  1433+406" 15.33+4.06"
PE+high SY 8 744+150.51* 238+141%  2925+643" 17+2.98" 14.75+3.45" 155+2.88"

Student’s T test was used to compare the statistical difference between the two groups

PE Premature ejaculation, Sul Sulpiride, SY Shugan Yidan fang
# significant difference compared to the model groups, P <0.05

" significant difference compared to the control groups, P<0.05
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more frequent ejaculations than the controls (2.9+1.2,
P<0.05), with treatment with sulpiride (2.63+1.41) or
Shugan Yidan fang decreasing the frequency in a dose-
dependent manner (low: 3.78 +0.83; medium: 3.11 +0.78;
high: 2.38+1.41, P<0.05). In adtion, the intromission
latency time in PE (21.33 +4.44 s) was significant shorter
than that in the control group (31.8+4.78 s, P<0.05),
while treatment with sulpiride (31.25+6.92 s), medium
(29.67 £6.93 s) and high (29.25+6.43 s) dose of Shugan
Yidan fang increased the time compared to the PE group
(P all<0.05). Similarly, the PE models administered the
medium or high dose of Shugan Yidan fang recovered
their intromission frequency (PE: 9.11+1.9; medium:
15.44+3.50; high: 17+2.98, P all<0.05). The mount
latency and frequency were also recorded to evaluate
sexual desire during the mating process. As shown in
Table 1, the mount latency (8.11+1.9 s) and frequency
(8 +1.94) were both shorter or lower than those observed
in the PE models (P<0.05), with the medium (latency:
14.33+4.06 s; frequency: 15.33+4.06) or high (latency:
14.75+3.45 s; frequency: 15.5+2.88) dose of Shugan
Yidan fang promoting recovery of the two parameters
(P<0.05). However, no statistically significant difference
was observed between the PE group and the low-dose
Shugan Yidan fang group. These results indicated that
Shugan Yidan fang restored PE induced by piribedil in
the rat models.

To further analyze the potential mechanism of Shu-
gan Yidan fang on PE, the rats were sacrificed after the
last mating test. We collected the hypothalamus tissues
of each rat to determine the potential molecular mecha-
nism. Firstly, the DA and 5-HT levels in the hypothala-
mus were measured by RP-HPLC. Although the DA
level fluctuated, no significant difference was observed
between the groups (Fig. 2). Similar to DA, no statisti-
cal difference was found in the level of 5-HT between
the groups. However, the RT-qPCR results showed sig-
nificantly low expression of DAT in the PE models than
in controls (P<0.05), while treatment with sulpiride or
a low dose of Shugan Yidan fang significantly improved
DAT expression (P<0.05, Fig. 3A). The receptors of DA
(D2/D3) showed higher expression in the PE model
group than in the control group (P<0.05), while adding
sulpiride or a high dose of Shugan Yidan fang significantly
reduced mRNA expression of the two receptors (P<0.05,
Fig. 3B and C). Moreover, the protein level of D2 and
D3 were also detected by Western blotting. We showed
that the protein levels of D2 and D3 increased signifi-
cantly in the PE models compared to those in the control
group (P<0.05, Fig. 4), but decreased when treated with
sulpiride or Shugan Yidan fang in a dose-dependent man-
ner (P<0.05, Fig. 4), similar to that observed for mRNA
expression. The results of ELISA detection showed that
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the DAT level was decreased significantly in PE mod-
els compared to that in the controls (P<0.05), Shugan
Yidan fang resulted in a gradual recovery in DAT level in
a dose-dependent manner (P<0.05, Fig. 5). In addition,
we also detected the alpha 1 adrenergic receptor for their
important role in PE. The results showed that high level
of Shugan Yidan fang reduced the mRNA expression of
adrala compared to PE groups, although no significant
difference was found in protein level (Supplementary
Fig. 1).

Discussion

This study, confirmed that the Chinese herbal formula,
Shugan Yidan fang restored ejaculation function, and
improved the sexual function index in a rat model of PE.
Our data showed that the mechanism of PE involved
lower expression of DAT, with qPCR and ELISA technol-
ogies demonstrating that treatment with Shugan Yidan
fang or sulpiride resulted in higher expression of DAT in
the rats with PE. We also showed that expression of the
DARs, D2/D3, was significantly higher in the PE group,
while treatment with Shugan Yidan fang or sulpiride
decreased the levels of these receptors as measured by
qPCR and WB. Taken together, these results indicated
that the potential mechanism of Shugan Yidan fang in PE
therapy was associated with DA- DAT-DAR signal axis,
that Shugan Yidan fang reduces DAR levels, thus reduc-
ing the excessive conduction of DA. Notably, the val-
ues of intromission frequency are greater than those of
the corresponding mount frequency in our data. This is
attribute to that the female mice had certain changes in
their position after male mice inserted themselves, and
although the male mice were still riding, the male penis
slipped out and needed to be reinserted.

In recent years, Chinese medicine formula has been
shown to have potential for treating PE, however, there
is limited research on the mechanism of its effect. Our
study established an association between Shugan Yidan
fang and the signals transmitted by DA. Studies have
reported that DA is an essential neurochemical factor
in the mediation of sexual functioning, as it promotes
seminal emission and ejaculation via the D2 receptors
[16]. Drugs targeting DA and its receptors have been
investigated, with a clinical study demonstrating that
DA-like compound extended ejaculation [17]. Although
we didn't find significant differences in DA among the
different groups, GamalEl Din et al. [18] provided that
fluoxetine administration significantly changed micro-
RNAs 16 and 135a expression in the patients with pre-
mature ejaculation, indicating that these microRNAs
are related to serotonin but not dopamine. Moreover,
the contradiction to ours might also due to the different
treatment drugs. Meantime, it has also been reported
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Fig. 2 Dopamine and 5-HT levels were measured by reverse high-performance liquid chromatography. The histogram (left) and scatter
diagram (right) show the DA (A) and 5-HT (B) levels in the hypothalamus of male rats in all studied groups. Student’s T test was used to compare
the statistical difference between two groups. DA, Dopamine; 5-HT, 5-hydroxytryptamine; PE, premature ejaculation; Sul, sulpiride; SY, Shugan Yidan

fang

that DAR antagonists inhibit the intravaginal ejacula-
tion latency time (IELT) induced by a DAR agonist [19].
Korotkova and his colleagues demonstrated that dopa-
minergic neuronal activity was inhibited by modafinil via
the D2 receptors [20]. Similarly, Clément et al. reported
that microinjection of a preferential D3 agonist, 7-OH-
DPAT, into the medial preoptic area(MPOA)shortened
IELT and promoted ejaculation in rats [21], This indi-
cated that D3 may be a promising target for pharmaco-
logical treatment of PE. These earlier studies suggested

that DA participates in the ejaculation disorders via the
D2-like receptors, D2 and D3, conclusion consistent with
the findings of our study.

Several studies have shown a relationship between PE
and polymorphism of the DAT genes, such as SLC6A3
and DAT1 [22, 23]. A study by Eltonsi [24] reported that
gene polymorphism of DAT determined the response of
paroxetine and escitalopram to lifelong PE. These results
indicated that heredity decrease in DAT may be a risk
factor for the development of PE. As the key regulator
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Fig. 3 Histogram showing mRNA expression of the dopamine receptors and transporter. The mRNA expressions of DAT (A), D2 (B) and D3 (C)
receptors of male rats were detected by RT-gPCR in all studied groups. Student’s T test was used to compare the statistical difference between two
groups. *p < 0.05, **p < 0.01, **p < 0.001, indicate a significant difference. Ns: no significant; DAT, dopamine transporter; D2/D3, dopamine D2/D3
receptors; PE, premature ejaculation; Sul, sulpiride; SY, Shugan Yidan fang
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Fig. 4 The protein level of the dopamine D2 and D3 receptors of male rats in all studied groups were detected by Western blots. A The
electrophoretic band of D2/D3 and the reference gene, actin. B The value of gray analysis of D2/D3 to actin. Student’s T test was used to compare
the statistical difference between two groups. **p <0.01, ***p <0.001, indicate a significant difference. Drd2/Drd3, dopamine D2/D3 receptors; PE,
premature ejaculation; Sul, sulpiride; SY, Shugan Yidan fang



Han et al. Basic and Clinical Andrology (2023) 33:25
dekk
1 |
: e e v L
f i
e vk
e
8 - %k ok
A
=
£ 64
Ny
(=]
£ T
T 4- -
> —
2
-
< 2- L
(=]
0- I I

I I I

&@\ Q(" xq,"\ ;.3* 6\ 6\
0 L 9 S S
< & &
Q <& QQ'
<
R

Fig.5 The DAT level in the hypothalamus of male rats in all

the studied groups was detected by ELISA. Student’s T test was used
to compare the statistical difference between two groups. ***p <0.001,
indicates a significant difference. DAT, dopamine transporter. PE,
premature ejaculation; Sul, sulpiride; SY, Shugan Yidan fang

of transmitter release and signaling dynamics, DAT can
remove DA molecules from the extracellular and cyto-
solic space, both of which determine the amount of
transmitter released from synaptic vesicles [25]. We
demonstrated that Shugan Yidan fang restored the level
of DAT in the PE rat models, which promoted transduc-
tion of DA to the functional regions. Notably, we found
no significant difference in DAT mRNA levels between
the PE models following administration of Shugan Yidan
fang at medium or high doses. This result was probably
attributable to the higher standard deviation of our data.
Despite this possibility, our results provide an indicator
reference for the use of Shugan Yidan fang. Also similar
to GamalEl Din that showed miRNA 135a was associ-
ated with the response of fluoxetine [18], we consider
that patients with a high level of DARs may benefit from
administration of Shugan Yidan fang.

5-HT is associated with both sympathetic nerv-
ous system activity and sexual behavior [26]. Patients
with PE have a higher serum level of 5-HT and stud-
ies have shown the important role of 5-HT receptors
on modulation of ejaculation [27]. As described above,
these neurotransmitters and receptors involved in the
control of ejaculation are currently used as pharma-
cotherapy targets for patients with PE. Although there
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is clear evidence that DA and 5-HT participate in the
control of ejaculation, we did not observe significant
differences in the levels of DA and 5-HT between the
PE model and treatment groups. We consider that this
result may be due to the diverse temporal spatial distri-
bution of these neurotransmitters in the development
of PE. In fact, DA is synthesized mainly in the diverse
encephalic region, including the hypothalamus, front of
the midbrain, and spinal cord [28]. Neurons and their
axons are involved in modulation of PE. For example,
5-HT, serotonergic neurons are distributed widely
in the brain and spinal cord and are found predomi-
nantly in the brainstem, raphe nuclei, and the reticular
formation [29]. We consider that the level of DA and
5-HT in the hypothalamus remains unchanged during
the development of PE, and that other regions should
be investigated to identify the main controller for the
delivery of DA and 5-HT. We also propose a hypothesis
that the level of DA is stabilized in the hypothalamus in
the PE condition, and that transmission and amplifica-
tion of these neurotransmitter signals are dependent on
the downstream levels of DAR/DAT.

Limitations of the study

Although we determined that the effect of Shugan Yidan
fang on PE was associated with the DA transduction sig-
nal, we only focused on the level of DA in hypothalamus,
and therefore other tissues such as different regions of
the hypothalamus or cerebral cortex should be collected
and analyzed. In addition, neurotransmitters or other
inhibitors such as DAR agonists should be used to deter-
mine whether or not the therapeutic function of Shugan
Yidan fang on PE can be reversed by these agents. Our
study preliminarily provides evidence and a potential
mechanism for the beneficial effect of Shugan Yidan fang
on PE. Our findings therefore provide theoretical support
for the clinical application of Shugan Yidan fang.

Conclusions

In this paper, we report that the Chinese herbal medi-
cine formula, Shugan Yidan fang, has beneficial effects
in a rat model of PE by reducing the expression of DAR
mRNA and protein expression whilst increasing the level
of DATs in the hippocampus. These findings provide a
molecular mechanism for the clinical application of Shu-
gan Yidan fang in patients with PE.
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