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Rapid ejaculator rats are more susceptible to anxiety compared
with normal ejaculator rats
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By observation of Sprague–Dawley male rats with different ejaculatory behaviors, we have identified distinct behavioral
characteristics in rapid ejaculator rats. To validate these differential behaviors, we conducted multifaceted behavioral
experiments on rapid ejaculator rats and normal rats. Through mating experiments, 42 male rats were categorized into 5 rapid
ejaculator rats, 29 normal ejaculator rats, and 8 sluggish ejaculator rats according to their ejaculation frequency. We selected 5
rats exhibiting rapid ejaculation and 5 rats with normal ejaculation for participation in the Morris water maze, open-field test,
and balance beam experiments. The open-field tests revealed that rapid ejaculator rats spent shorter time in the center region
(1.23 ± 1.21 vs. 6.56 ± 2.40 s, P= 0.0041), less entered the center region (0.80 ± 0.75 vs. 3.40 ± 1.50, time, P= 0.0145), traveled
shorter distances (17,003.77 ± 3339.42 vs. 25,037.90 ± 5499.94 mm, P= 0.0371), and had a lower average speed compared with
normal rats (66.09 ± 62.36 vs. 195.56 ± 83.41 mm/s, P= 0.0377). However, no significant differences were observed in the
Morris water maze and balance beam experiments (0.25 ± 0.05 vs. 0.26 ± 0.07, P= 0.7506;16.40 ± 3.77 vs. 16.25 ± 2.05,
P= 0.9515). These behavioral results indicated that the rapid ejaculator rats were more prone to anxiety. To further
substantiate this claim, we examined Brain-derived neurotrophic factor expression levels in the hippocampus of rat
brains using immunohistochemistry and western blotting. The results demonstrate lower Brain-derived neurotrophic
factor expression in the hippocampus of rapid ejaculator rats compared with that in normal rats (P= 0.0093). Thus,
our experiments indicate that rapid ejaculator rats exhibit a higher propensity for anxiety, potentially linked to their
abnormal neurophysiologic state. It is concluded that rapid ejaculator rats may be more susceptible to anxiety on a
pathophysiological basis.
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INTRODUCTION
Premature ejaculation (PE) is the most prevalent ejaculatory
dysfunction in men, impacting the sexual quality of life for
approximately 20%–30% of men worldwide [1]. Primary prema-
ture ejaculation (PPE) is typically characterized by consistent
ejaculation that occurs before or within 1 min of vaginal
penetration, along with the inability to delay ejaculation and
subsequent negative personal consequences, such as frustration,
annoyance, and avoidance of sexual activities [2]. Ejaculation
involves a complex neurobiological process that encompasses
both the central and peripheral nervous systems [3]. A growing
body of research indicates that PPE is associated with physiolo-
gical abnormalities in the nervous system, with sympathetic
hyperexcitability considered to be a significant mechanism in its
pathogenesis [4–6].
During the copulation test of screening rapid ejaculator rats, we

observed some intriguing phenomena. Compared with normal
rats, rapid ejaculator rats exhibit behaviors suggestive of anxiety,
including reduced frequency of standing exploration, heightened
alertness, increased mental tension and fear of external stimuli,

more frequent fights with other males, and a distinctive behavior
of pronounced resistance when their tails are lifted, resembling a
“motor rotating at high speed”. Moreover, during gastric gavage
procedures, rapid ejaculator rats display greater resistance,
characterized by intense struggling, louder screams, and increased
difficulty during the procedure.
The abnormal neurophysiology of PPE may explain the observed

behavioral differences, with the varied manifestations possibly
linked to an overactivated sympathetic nervous system. Numerous
depressive symptoms, such as anxiety, insomnia, and agitation, are
thought to be associated with changes in the sympathetic nervous
system [7]. Consequently, the hyperexcitability of the sympathetic
nervous system in rapid ejaculator rats may contribute to a higher
susceptibility to anxiety-like behaviors. To substantiate this hypoth-
esis, we conducted multifaceted behavioral experiments on rapid
ejaculator rats and normal rats, assessing their learning and
memory abilities, anxiety and depression levels, and locomotor
abilities. Moreover, we examined Brain-derived neurotrophic factor
(BDNF) expression levels in the hippocampus of rat brains using
immunohistochemistry and western blotting.
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MATERIALS AND METHODS
Animals
50 male rats and 25 female rats were recruited. Adult Sprague–Dawley rats
(males, 250–350 g; females, 200–300 g) were given food pellets and water
ad libitum and kept in a 12:12-h light/dark cycle. Female rats were
ovariectomized bilaterally under anesthesia with pentobarbital (30mg/kg
i.p.) and recovered for at least 1 week. Then they were brought into
artificial estrus by a subcutaneous injections of 10 µg oestradiol benzoate
(Hefei Xinkexin Animal Medicine Factory, Hefei, China) and 50 µg
progesterone (Shanghai Quanyu Animal Medicine Factory, Shanghai,
China) 48 h and 4 h prior to the copulatory test respectively [8]. Both
steroids were delivered in 0.1 ml of sesame oil (Shandong Luhua Group,
Yantai, China). Stimulus females were used once a week, and females that
did not show receptive and proceptive behavior during testing were
replaced by others.
This study was approved for all husbandry and experimental procedures

by the Ethics Committee of Nanjing First Hospital.

Selections of male rats with different ejaculatory behaviors
Primary rapid and normal ejaculator rats were screened following Pattij’s
rat model screening method, which is considered to be the closest animal
model to human PPE [8]. Between 19:00 and 21:00, under dim lighting
conditions, male rats were initially placed in an observation cage
(60 * 40 * 30 cm) to acclimate, after which female rats were introduced
after 5 min to record mating videos for 30min. Each male rat was recorded
mating once per week at the same time, resulting in a total of six
recordings. As male rat mating behavior tends to stabilize, the last three
mating videos were considered valid for analysis. According to mating test
results, the rats were categorized into different groups according to their
ejaculation frequency (EF) [8]. Rats with EF differences greater than 2 times
in the last three mating videos were excluded from the analysis.

Behavioral assessments
Morris water maze test. The Morris water maze test consisted of
acquisition training and probing experiments. A circular pool was used
(150 cm in diameter and 26–28 °C water temperature) with an escape
platform (12 cm in diameter) placed 1 cm below the water surface. In
acquisition training, rats were trained to find the escape platform, and if
they failed to do so within 60 s, they were gently guided to the platform
and allowed to remain on it for 15 s. Acquisition training was conducted
four times a day for five consecutive days. After the acquisition training,
the platform was removed, and a probe experiment was performed to test
their learning memory capacity, recording the time spent in the target
quadrant, the distance traveled in the target quadrant, and the number of
times the platform was crossed [9].

Open-field test. The open-field test involved placing rats in an open-field
box (50 * 50 * 50 cm) to assess their spontaneous activity and anxiety-like
behavior. Each rat’s activity was recorded for 5 min. Parameters such as the
total distance traveled, time spent in the center area, average speed, and
number of entries into the center were calculated and analyzed [10].

Balance beam test. The balance beam used in this experiment was 1.3 m
long, 0.02m wide, and 0.5 m high. The locomotor ability of rats was
assessed by measuring the time it took for them to reach a safe area by
crossing the balance beam. The test was conducted on consecutive days,
with training on the first two days and a timed trial on the third day [11].
Data collection and statistical analysis for the above behavioral

experiments were performed using KEMaze animal analysis software
(Nanjing Calvin Biotechnology Co., Ltd., China) and GraphPad Prism
6 software (GraphPad Software, 64-bit, USA), respectively.

Immunohistochemistry for BDNF Expression in the
hippocampus
The rats were deeply anesthetized and perfused transcardially with 100mL
of 0.01 M phosphate-buffered saline (PBS), pH 7.3, followed by 500mL 4%
paraformaldehyde in 0.1 M PBS, pH 7.2. The brains were then removed and
fixed overnight for 48 h in the same fixative, followed by dehydration in
70% alcohol for 50min, 80% alcohol for 1 h, and 95% alcohol for 1.1 h. The
samples then underwent three rounds of anhydrous ethanol treatment for
50min each, followed by three rounds of xylene treatment for 30/30/
40min before they were immersed in paraffin three times, each time for
1.3 h. The brain coronal sections of the hippocampus were embedded in

paraffin sections, dewaxed, hydrated, subjected to antigen retrieval,
blocked, and then incubated with rabbit anti-rat BDNF antibody
(AF300575, Aifang Biotechnology Co., Ltd, Changsha, China; 1:100) at
4 °C overnight. The sections were then incubated with goat anti-rabbit
secondary antibody (PV-6001, Zhongshan Jinqiao Biotechnology Co., Ltd.,
Beijing, China), subjected to DAB color development, hematoxylin
restaining, followed by routine dehydration, transparency, and sealing.
Images were captured using a Pannoramic MIDI slide scanner (3D HISTECN,
Budapest, Hungary) to obtain pathological image information of the entire
section. Digital histomorphometric analysis was performed using ImageJ,
version 1.8.0.112, software and the average optical density of the positive
expression region was calculated.

Western Blot analysis for BDNF expression in the
hippocampus
After the rats were euthanized, the brains were removed and hippocam-
puses were isolated, quickly frozen in liquid nitrogen, and stored in −80 °C.
The punched hippocampus tissues were homogenized in cell lysis buffer
(KGP250, Kaiji Biotechnology Co., Ltd., Jiangsu, China) to extract protein for
Western Blot assay. Equal amounts of protein in each lane were separated
by SDS-PAGE (10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis), then transferred to nitrocellulose membranes which subse-
quently were blocked with QuickBlock Blocking Buffer for Western Blot
(Beyotime, China) for 15min, first incubated overnight with rabbit anti-rat
BDNF antibody (AF300575, Aifang Biotechnology Co., Ltd, Changsha,
China; 1:1500) at 4 °C and then 2 h with goat anti-rabbit secondary
antibody (PV-6001, Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing,
China) at room temperature. Proteins were detected with ECL Plus (EMD
Millipore, Billarica, MA, USA).

Statistical analysis
SPSS 26.0 software was used for statistical analysis. Normal distribution test
was performed on all measurement data. Mean ± standard deviation was
used to represent measurement data conforming to normal distribution.
Independent sample t-test was used for comparison of two groups, and
one-way analysis of variance was used for comparison of three groups.
Measurement data that did not conform to normal distribution were
represented by median (lower quartile, upper quartile). Mann-Whitney test
was used for comparison between two groups, and Kruskal–Wallis test was
used for comparison between multiple groups. Chi-square test was used to
compare the counting data of the two groups. P < 0.05 was considered to
be statistically significant.

RESULTS
Copulation test
Out of the initial 50 male rats, 8 were culled from the study due to
either the absence of ejaculatory behavior or fluctuations in the
number of ejaculations exceeding two in the last three mating
experiments. Based on the average EF obtained from the last
three mating experiments, the remaining 42 male rats were
categorized into 5 rapid ejaculator rats, 29 normal ejaculator rats,
and 8 sluggish ejaculator rats.The copulatory parameters were
listed in Table 1.

Behavior Characteristics
Behavioral experiments were conducted on 5 rapid ejaculator rats
and 5 randomly selected normal rats out of the available group. In
the Morris water maze test, no significant differences were
observed between rapid ejaculator rats and normal rats in terms
of the ratio of the distance traveled in the quadrant where the
platform was located and the total distance and the ratio of their
movement time and the total time (0.25 ± 0.05 vs. 0.26 ± 0.07,
P= 0.7506; 0.24 ± 0.07 vs. 0.24 ± 0.06, P= 0.9293). Similarly, the
balance beam test did not show any significant difference in the
time taken by the two groups of rats to cross the balance beam
(16.40 ± 3.77 vs. 16.25 ± 2.05, P= 0.9515). However, in the open-
field experiments, the rapid ejaculator rats exhibited distinct
behaviors compared with normal rats. The rapid ejaculator rats
spent a shorter time in the center region (1.23 ± 1.21 vs.
6.56 ± 2.40 s, P= 0.0041), less entered the center region
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(0.80 ± 0.75 vs. 3.40 ± 1.50, time, P= 0.0145), traveled a shorter
total distance (17,003.77 ± 3339.42 vs. 25,037.90 ± 5499.94mm,
P= 0.0371), and had a lower average speed (66.09 ± 62.36 vs.
195.56 ± 83.41, mm/s, P= 0.0377) than the normal rats (Fig. 1).
These findings suggest that rapid ejaculator rats do not differ from
normal rats in terms of learning memory ability and motor ability.
However, they may display a higher tendency towards anxiety-like
behaviors.

Expression of BDNF in the hippocampus of male rats
6 male rats (3 rapid ejaculator rats and 3 normal ejaculator rats)
were used for Immunohistochemistry. 5 male rats (2 rapid
ejaculator rats and 3 normal ejaculator rats) were used for
Western blot. Qualitative and quantitative analyses revealed that
lower BDNF expression in the hippocampus of rapid ejaculator
rats compared with that in normal rats (Fig. 2).

DISCUSSION
Based on the 10% principle [8], male rats were categorized into
rapid, normal, and sluggish ejaculator rats according to the
number of ejaculations they had within 30min. During our
experiments involving rapid ejaculator rats, we observed that
these rats displayed anxiety-like behaviors. Firstly, they exhibited a
higher proportion of fights in the cage, indicating a propensity for
anger. They also stood less frequently, displayed heightened
alertness to the outside world, and exhibited increased nervous-
ness and fear. Secondly, when we lifted their tails and suspended
them in the air, the rapid ejaculator rats reacted more strongly,
demonstrating a typical high-speed wagging and rotating
behavior, which was rarely seen in normal rats. Additionally, they
exhibited greater resistance during gastric gavage, often accom-
panied by louder screams. Furthermore, during mating, the rapid
ejaculator rats appeared to have a higher frequency of

Table 1. Behavioral parameters monitored during mating tests.

Rapid Normal Sluggish χ2/F P

ML 16 (14, 19.5) 17 (12, 23.5) 34 (16.25, 37.5) 5.460 0.065

IL 18 (15.5, 29.5) 29 (19, 41) 45.5 (28.25, 56)a 8.252 0.016

EL 301 (239.5, 316) 666 (583.5, 678.5)a 1396.5 (1145.25, 1547)a,b 26.950 0.000

PEI 323 (315.5, 343) 398 (382.5, 454.5)a 501.5 (447, 599.5)a,b 19.223 0.000

MF 4.20 ± 1.64 19.10 ± 3.66a 22.13 ± 4.16a,b 43.256 0.000

IF 11.20 ± 2.77 15.97 ± 3.95a 16.00 ± 2.20a 3.900 0.029

EF 2.67 (2.67, 3) 2 (1.33, 2)a 0.84 (0.42, 1)a,b 28.545 0.000

IR 0.76 ± 0.04 0.45 ± 0.09a 0.42 ± 0.04a 32.583 0.000

χ2= Kruskal–Wallis test; F= one-way analysis of variance.
ML mount latency, latency until the first mount, IL intromission latency, latency until the first intromission, MF mount frequency, IF intromission frequency, EL
ejaculation latency, time from first intromission until ejaculation, PEI postejaculatory interval, time from ejaculation until the first mount/intromission event of
the next cycle, IR intromission ratio, IF ⁄ (IF+MF).
aP < 0.05 compared with rapid ejaculators.
bP < 0.05 compared with normal ejaculators.

Fig. 1 The rapid ejaculator rats exhibited anxiety-like behaviors. A Automated tracking in the open field. B–E The rapid ejaculator rats
spent a shorter time in the center region, less entered the center region, traveled a shorter total distance, and had a lower average speed than
the normal rats. F, G No significant differences were observed between rapid ejaculator rats and normal rats in terms of behaviors in the
balance beam and Morris water maze test. Data were presented as Mean ± SD, n= 5 per group. *P < 0.05 compared with normal ejaculators,
**P < 0.01 compared with normal ejaculators, t-test.
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movements, particularly faster running rates and movement
transformations while chasing females to complete a mount,
indicating greater locomotor ability. The open-field experiments
supported these observations, as the time spent in the center
region, the number of entries into the center region, the total
distance traveled, and the average speed of the rapid ejaculator
rats were lower than those of the normal rats, further confirming
the anxiety state of the rapid ejaculator rats.
PE is the most common sexual dysfunction in men, with the

pathogenesis involving both psychological and physiological
factors, psychological factors include early sexual experiences,
anxiety, depression, and sexual techniques, while physiological
factors comprise 5-hydroxytryptamine (5-HT) receptor dysfunc-
tion, penile hypersensitivity, hyperexcitable ejaculatory reflex,
genetic predisposition, prostatitis, endocrine diseases, and others
[12–18]. The relationship between the basic state of the
sympathetic nervous system and ejaculation is increasingly
acknowledged. Animal experiments have demonstrated that
inhibition of N-methyl-D-aspartatic acid (NMDA) receptors in the
paraventricular nucleus of the hypothalamus or activation of
gamma-aminobutyric acid (GABA) receptors in the same area can
inhibit sympathetic excitability and delay ejaculatory behavior in
rapid ejaculator rats [19, 20]. Moreover, a multicenter clinical study
on penile Neurophysiological Tests has objectively confirmed the
hyperexcitability state of the sympathetic nervous system in
patients with PPE [21].
Although considered two separate conditions, anxiety and

depression are often comorbid. Approximately 85% of individuals
with depression also experience significant anxiety, while 90% of
individuals with anxiety disorders also suffer from depression
[22, 23]. This suggests shared pathogenic mechanisms between
anxiety and depression. Most depression-related symptoms are
thought to be related to changes in the sympathetic nervous
system, including anxiety, agitation, and insomnia [6]. Therefore,
an abnormal state of the sympathetic nervous system may
constitute the link between PPE and anxiety-depressive disorders,
potentially explaining why rapid ejaculator rats are more prone to
anxiety. Selective 5-hydroxytryptamine (5-HT) reuptake inhibitors
and selective 5-HT norepinephrine reuptake inhibitors are first-line

medications for the treatment of anxiety disorders, while 5-HT
reuptake inhibitors are also recommended for the treatment of
PPE [24, 25]. The differential expression of 5-HT and norepinephr-
ine associated with sympathetic nervous system excitability in PPE
and anxiety-depressive disorders compared with the normal
population further suggests a similar etiology between these
conditions [20, 26]. Therefore, the increased susceptibility of rapid
ejaculator rats to anxiety may be related to their sympathetic
nervous system hyperexcitability.
Neurophysiological Test is an important method to diagnose

PPE [21]. Neurophysiological Tests for PE consist of penile
sympathetic skin response (PSSR), glans penis somatosensory
evoked potentials (GPSEP), and dorsal nerve somatosensory
evoked potentials (DNSEP) [21, 27–29]. According to the results
of the Neurophysiological Tests, PE can be divided into 4 new
types [21, 27–29]. Penile sympathetic hyperexcitability type is an
important subtype among them, which reflects the hyperexcit-
ability of sympathetic nerves in patients with PE [21]. Previous
studies have also shown a higher prevalence of anxiety and
depression in patients with PPE [30], and we speculate that this
may be related to the sympathetic hyperexcitability in PPE
patients.
BDNF is widely expressed in the central nervous system and

plays a crucial role in synaptic modulation, learning, memory, and
neuroprotection [31, 32]. Decreased BDNF in the hippocampus is
associated with lower hippocampal mass, clinical anxiety and
depressive disorders in humans, and anxiety-like and depressive-
like behaviors in rodents [33–37]. BDNF and its receptor tyrosine
kinase receptor B (TrkB) are also implicated in the pathophysiol-
ogy of depression and the therapeutic mechanism of antidepres-
sant drugs [38]. Animal experiments have demonstrated that
central and serum BDNF levels are significantly lower in rapid
ejaculator rats compared with normal rats, and this finding has
been confirmed in patients with PPE [39, 40]. Our immunohis-
tochemistry and Western blotting experiments on the hippocam-
pus of the brain further confirmed that BDNF levels in the
hippocampus of the rapid ejaculator rats were lower than those in
the normal rats, which aligns with previous studies. This suggests
that rapid ejaculator rats may share a similar pathogenesis with

Fig. 2 Expression of BDNF in the hippocampus of each group. A, B, D showed the expression of BDNF in the hippocampus of normal rats
(NC) and rapid ejaculator rats (RE). C showed lower average optical density in the hippocampus of RE compared with NC. *P < 0.05 compared
with normal ejaculators, **P < 0.01 compared with normal ejaculators, t-test, Bar= 60 μm.
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anxiety and depressive disorders, indicating a potential link
between rapid ejaculation and anxiety from a pathophysiological
perspective.
For humans with advanced emotional cognition, a shortened

intravaginal ejaculation latency time (IELT) often lead to negative
personal consequences, such as frustration, annoyance, anxiety,
and depression [1]. However, in rats, shortened IELT does not
induce anxiety and depression since they lack higher emotional
cognitive functions. Based on our results, we speculate that the
anxiety state in rapid ejaculator rats may be related to their
abnormal sympathetic nervous system state, suggesting a
potential pathophysiological reason why patients with PPE may
be more prone to anxiety and depression than the general
population with normal ejaculation.
The study has certain limitations. Firstly, the animal experiments

had a limited sample size due to the labor-intensive and time-
consuming nature of screening rapid ejaculator rats as well as a
low model yield of approximately 10%. Secondly, there is a lack of
clinical research to verify the conclusions of this animal study.
Future animal experiments with larger sample sizes and objective
validation in clinical trials are warranted to further advance the
understanding of this topic.
It is hypothesized that the increased rate of anxiety in patients

with PPE may not solely be a consequence of shortened IELT.
Instead, patients with PPE may have a pathophysiological
predisposition to experience anxiety and depression. These
findings underscore the potential importance of considering
anxiolytic therapy in the treatment of PPE. It is probably that
clinicians should evaluate the anxiety and depression of PPE
patients at the first visit. Therefore, active anxiety and depression
treatment may be considered for patients with anxiety and
depression, while active prevention may be carried out on
patients without anxiety and depression, such as psychological
counseling and active PPE treatment.

DATA AVAILABILITY
All data generated or analyzed during this study can be obtained by contacting me
via email (13913957628@163.com).
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