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ABSTRACT
Context: The leech and centipede granules have good curative effects on many diabetic vascular dis-
eases, including diabetes-induced erectile dysfunction (DIED).
Objective: To explore the effect of leech and centipede on erectile function in rats with diabetes-induced
erectile dysfunction and its possible mechanism.
Materials and methods: Thirty male Sprague–Dawley DIED rats were randomly divided into the model
group (Group M), low-dose group (Group DD), high-dose group (Group DG) and tadalafil group (Group T)
(n¼ 6); diabetic rats were induced by streptozotocin. Apomorphine was used to induce diabetic erectile
dysfunction. The ‘leech-centipede’ granules (0.15 and 0.6 g/kg) were intragastrically administered in the
DD and DG groups for 8weeks. Blood glucose, serum insulin, testosterone, cGMP levels and protein
expression changes were measured in each group.
Results: After 8weeks, the erectile function of rats in the DG group significantly improved (1.26±0.73).
Penis tissue cGMP levels were higher in the DG group (1.48±0.11) than in the M group (0.58±0.15).
Protein and mRNA expression levels of NOS were significantly higher (0.77±0.05; 0.61±0.02) but those of
PDE5 (0.43±0.05; 0.61 ± 0.03) were lower in the DG group than in the M group (0.37± 0.06; 0.51±0.01;
0.78±0.06; 0.81±0.04).
Conclusion: The leech-centipede can improve erectile dysfunction in DIED rats by regulating the expres-
sion of cGMP, NOS, and PDE5-related molecules in the PDE5 pathway. This study provides a potential
mechanism for the treatment of DIED with leech-centipede.
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Introduction

Erectile dysfunction (ED) is the consistent or recurrent inability
to achieve and/or maintain penile erection sufficient for satisfac-
tory sexual performance (Irwin 2019). ED has a serious effect on
the quality of life of both male patients and their sexual partners.
It is estimated that 322 million men worldwide will suffer from
ED by 2025 (Shamloul and Ghanem 2013), which can seriously
harm human health, spousal relationships, and family life.
Diabetes mellitus (DM) is a chronic metabolic disease character-
ised by hyperglycaemia, with approximately 451 million people
worldwide diagnosed with diabetes or at risk of early diabetes
(Cho et al. 2018). Studies have shown that the probability of ED
in patients with DM is 1.9–4 times higher than that in patients
with normal blood glucose (Ryan and Gajraj 2012); it is esti-
mated that up to 75% of patients with ED will also have DM
(Castela and Costa 2016). The oral drug phosphodiesterase type
5 (PDE5) inhibitor is currently used as a first-line therapy for
ED. However, some studies have shown that this class of drugs
does not work effectively for some patients with severe diabetes-
induced ED (DIED) (Assaly-Kaddoum et al. 2016); additionally,

this drug sometimes produces side effects such as headache,
backache, or flushing during use (Li et al. 2018).

ED is closely related to the nitric oxide (NO)-cyclic guanosine
monophosphate (cGMP)-PDE5 pathway. NO synthase (NOS)
produces NO when phosphorylated by arginine as a neurotrans-
mitter that regulates penile smooth muscle relaxation, resulting
in a normal penile erection after sexual stimulation. DM can
reduce the activity of NOS and the levels of NO and cGMP in
the corpus cavernosum of penis, which may be one of the most
important mechanisms of DIED (Akingba and Burnett 2001;
Podlasek et al. 2001; Sullivan et al. 2002). The advantages of
Chinese medicine in the treatment of DIED has been gradually
revealed in recent years. Chinese medicine scholars believe that
‘blood stasis blocking collaterals’ is the main pathological feature
of DIED. A combination of leech and centipede is a key drug for
promoting blood circulation and removing blood stasis in trad-
itional Chinese medicine, and they belong to the family entomol-
ogy; the ‘leech-centipede’ drug pair has been used in many
prescriptions to treat diabetic vascular disease, including DIED
(Zhang et al. 2014; Ma et al. 2017; Xu and Sheng 2018).
However, its specific mechanism is not fully understood and
requires deeper study.
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In this study, leech (pinyin name Shui Zhi; Latin scientific
name Hirudo; Hirudinea; Hirudinidae)-centipede (pinyin name
Wu Gong; Latin scientific name Scolopendridae; Chilopoda;
Scolopendridae), a common clinical drug pair for promoting
blood circulation, was used as an intervention measure to
observe its effect on the expression of PDE5 signalling pathway
related molecules NOS, cGMP, and PDE5 in the penile cavern-
ous body of DIED rats. We aimed to explore the possible mech-
anism of leech-centipede on improving erectile function of DIED
rats and further explore the potential mechanism of DIED.

Materials and methods

Laboratory animals

Sixty male specific-pathogen free grade Sprague-Dawley (SD)
rats, 12weeks old, with an average body weight of 200 ± 20 g,
were purchased from Beijing Huafukang Biotechnology Co., Ltd
[Animal Licence No: SCXK (Jing) 2014-0004]. The rats were
raised and tested in the clean animal laboratory of the
Experimental Animal Centre, Dongzhimen Hospital, Beijing
University of Traditional Chinese Medicine. After purchase, nor-
mal sexual function in the rats was proven by mating tests.
Then, the animals were allowed access to deionized water and
solid feed freely for 1week. They were exposed to light for
10–12 h every day; indoor humidity was 55–80%, and the tem-
perature was 18–25 �C. All experimental protocols were in
accordance with the guidelines approved by the animal ethics
committee of Beijing University of Traditional Chinese Medicine
(authorization number: 17–27).

Drugs and reagents

All of the leech-centipede formula granules and PDE5 inhibitors
used in the experiment were purchased by the Pharmaceutical
Department of Dongzhimen Hospital, Beijing University of
Traditional Chinese Medicine. The treatment drug was the trad-
itional Chinese medicine formula granules, purchased from
Beijing Kangrentang Pharmaceutical Co., Ltd. (Kang Rentang,
Beijing, China). The specific drugs were as follows: leech 10 g
(17016911, Kang Rentang, Beijing, China) and centipede 5 g
(17016901, Kang Rentang, Beijing, China). The formula granules
of 10 g leech and 5 g centipede were mixed and ground into fine
powder. 3 g mixed fine powder was dissolved in 200mL deion-
ized water as low dose, 12 g was dissolved in 200mL deionized
water as high dose. All suspensions were stored in a 4 �C
refrigerator. The suspension was mixed thoroughly before
administration to the rats.

PDE5 inhibitor was purchased from Lilly company (batch
number: H20170285, Eli Lilly Inc., IN, USA); Streptozotocin
(STZ) was purchased from Sigma Company (S0130, St. Louis,
MO, USA); apomorphine (APO) injection was purchased from
Sigma Company (a4393, St. Louis, MO, USA); anti-NOS anti-
body was purchased from Bioss (bs-20609R, Woburn, MA,
USA); anti-PDE5 antibody was purchased from Bioss (bs-1142R,
Woburn, MA, USA); methanol was purchased from Sinopharm
Chemical Reagent Co., Ltd. (batch No: 10014118, Shanghai,
China); Trizma base was purchased from Sigma company
(T1503, Saint Louis, MO, USA); protease inhibitors were pur-
chased from Roche (11697498001, Basel, Basel-Stadt,
Switzerland); Trizol reagent was purchased from Invitrogen Life
Technologies (15596-026, Carlsbad, CA, USA); RevertAid First
Strand cDNA Synthesis Kit was purchased from Thermo

company (#K1622, Waltham, MA, USA); goat anti-rabbit IgG
(Hþ L)-HRP purchased from Bioss Company (bs-0295G,
Woburn, MA, USA); beta-actin was purchased from
Immunoway Company (YM3028, Beijing, China); and enzyme-
linked immunosorbent assay (ELISA) kits were purchased from
Beijing Jipu Biotechnology (Beijing Jipu Biotechnology Co., Ltd,
Beijing, China).

Modelling of diabetic erectile dysfunction rats

Sixty SD rats without abnormality in the first week of adaptive
feeding were numbered, and their weights were recorded.
According to the method of random number table, the rats were
randomly divided into a blank control group with 10 rats and
the DIED pre-built model group with 50 rats.

Construction of diabetes model
Rats in each group were fasted for 12 h. The 10 rats in the blank
control group were injected with sodium citrate buffer, and the
50 rats in the pre-built model group were injected with strepto-
zotocin (STZ) solution once in the right lower abdominal cavity
according to the standard of 55mg/kg to establish the type 2 dia-
betes model (Othman et al. 2020). Blood samples were taken
from the tail vein of rats in the pre-built model separately 72 h
later and 1week after administration; their blood glucose was
measured using Roche’s blood glucose metre and blood glucose
test paper. One week later, rats with more than 16.7mmol/L
blood glucose and increased urine volume and diet were estab-
lished as DM model rats. Four rats died 72 h later. The blood
glucose of two rats were below 16.7mmol/L after the second
measure 1week later. All the above rats were removed. After
STZ injection, the rats were fed for 8weeks. Blood glucose was
tested in the remaining 44 rats once a week, and those with
blood glucose lower than 16.7mmol/L were removed. During the
feeding period, another rat died, while the remaining 43 rats
whose blood glucose level continued to be higher than
16.7mmol/L, showed a significant decrease in weight, the hair
was stained yellow, and the urine volume increased; these
changes indicated successful establishment of the type 2DM
model. The rats in the blank control group were also in
good condition.

Screening diabetic erectile function model

According to the method of Heaton et al. (1991), 40DM rats
were weighed and placed in a quiet, dark observation box for
10min. Then, APO was injected subcutaneously into the neck of
the rats at a dose of 100mg/kg. The state of the rats in the above
environment was photographed using a video camera, and the
penile erection of the rats was recorded for 30min. The enlarge-
ment or growth of the penis, with the end of the penis exposed
was counted as one time. The DM rats that did not have penile
erection were regarded as DIED rats and included in the model
group. Finally, 30 rats without erection were identified as DIED
model rats.

Grouping and administration

After the successful establishment of the above animal model, 30
rats were randomly divided into four groups for drug interven-
tion: model group (n¼ 6, group M), low-dose group (n¼ 6,
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group DD), high-dose group (n¼ 6, group DG), tadalafil group
(n¼ 6, group T), and blank control group comprising 6 ran-
domly selected rats from the original 10 rats (n¼ 6, group Z).

The intervention methods were as follows: rats in the Z and
M groups were administered deionized water by gavage; rats in
the DD and DG groups were administered leech-centipede gran-
ules at 0.15 g/kg (3 times of human dosage) and 0.6 g/kg (12
times of human dosage), respectively; and rats in the T group
were administered 0.5mg/kg PDE5 inhibitor solution by gavage.
Additionally, all the experimental rats were fed conventional feed
once a day at 10:00, according to the standard of 1mL/100g
body weight, and the drugs were administered by gavage
for 8 weeks.

Draw materials

At the end of the experiment, rats in each group were fasted for
12 h and then anaesthetized with 1% pentobarbital sodium
(30mg/kg body weight). The sampling time was determined to
be 1 h after the last administration. Blood (2mL) was collected
from the abdominal aorta, and serum tubes with EDTA anti-
coagulant were used. The tubes were centrifuged at 2,200 g for
20min. Plasma and serum were separated for the detection of
blood glucose, insulin, glucagon, serum endothelial NOS (eNOS),
and sex hormones-follicle stimulating hormone (FSH) and tes-
tosterone. The penile cavernous tissue of rats was dissected and
analyzed by western blotting (WB), polymerase chain reaction
(PCR), hematoxylin-eosin (HE) staining, and transmission elec-
tron microscopy.

Observations

Evaluation of erectile function
After 8 weeks of treatment, each group of rats was placed in a
transparent cage, with dim light and a quiet environment, which
was good for observation. APO was injected into the neck of rats
according the dosage of 100lg/kg body weight. The number of
erections within 30min was observed and recorded.

Measurement of body weight, blood glucose, insulin, gluca-
gon, serum eNOS and sex hormones (FSH and testosterone)
The rats in each group were weighed using an electronic scale,
and the blood glucose was measured using an automatic bio-
chemical analyzer (Basel, Basel-Stadt, Switzerland). Serum insu-
lin, glucagon, serum eNOS, and sex hormones (FSH and
testosterone) were determined by ELISA strictly according to the
kit instructions. The absorbance value (optical density, OD) of
each pore was measured at 450 nm by using a MultiSkan3
enzyme labelling instrument (Thermo, MA, USA). The unit con-
centration of the standard after multiple dilutions with buffer
solution was used as the abscissa, and the measured absorbance
OD value was used as the ordinate.

Histological analysis
The central part of the newly dissected penis tissue was fixed in
4% paraformaldehyde. Then, the samples were dehydrated by
ethanol gradient and embedded in paraffin. According to the
standard scheme of histological examination, approximately
4lm-thick sections were prepared for HE staining. Automatic
chemiluminescence imaging system (Tanon, Shanghai, China)
was used to obtain photographs and analyze the pathological

morphology of the penile cavernous tissue. At the same time,
1mm long penile cavernous tissue was fixed in 1% osmium acid,
dehydrated using a Lycra TP tissue processor, placed in the
embedding capsule, and sliced and stained with saturated uran-
ium acetate and lead citrate. The ultrastructure and endothelial
cells of the penile cavernous tissue were observed under a trans-
mission electron microscope (H-7500, Waltham, MA, USA).

Detection of cGMP in penile tissue by ELISA
To detect the expression of cGMP, ELISA kits (Beijing Huaying
Biotechnology Research Institute, Beijing, China) were used
according to the manufacturer’s instructions. Absorbance at
570 nm was detected using a STAT FAX 2100 Microplate
Spectrophotometer (Awareness Technology Inc., Palm City,
FL, USA).

Western blot to detect the expression of NOS and PDE5 pro-
teins in the cavernous tissues
The cavernous tissues of each rat were dissected and placed in
RIPA lysate (including phenylmethylsulfonyl fluoride 1mmol/L)
on ice for 30min. Afterward, the tissues were centrifuged at
12,000 rpm for 15min. The protein concentration of the super-
natant was determined using a BCA protein detection kit
(Solarbio, Beijing, China). After normalizing the protein content,
5� protein buffer was added, and the samples were denatured in
a 100 �C metal salt bath for 15min. The proteins were separated
by 10% sodium dodecyl sulphate polyacrylamide gel electrophor-
esis; the gel strip containing the target protein band was cut and
transferred to polyvinylidene difluoride membrane by wet rota-
tion method. The membrane was blocked for 2 h at room tem-
perature with 5% skimmed milk powder, and TBST was used to
wash the membrane three times on a shaking table. Then mem-
branes were incubated with a blocking solution containing anti-
bodies against NOS and PDE5 at 4 �C overnight. Odyssey dual
colour infra-red laser imaging system was used to scan and
Alpha software was used for semi-quantitative analysis of protein
bands. b-Actin was used as the internal control to calculate the
relative expression of NOS and PDE5 proteins.

Detection of NOS and PDE5 mRNA expression by real-time
reverse-transcription (RT) PCR
Tissue (100mg) was fully ground using a tissue homogenizer.
The homogenate was then centrifuged, and 250 lL of trichloro-
methane was added to the supernatant. The sample was allowed
to stand for 3min and then was centrifuged again. The super-
natant was collected and incubated at �20 �C for 15min, fol-
lowed by centrifugation at 4 �C for 10min. The white precipitate
at the bottom of the tube is deemed RNA. Next, 20 lL of water
without RNA enzyme was added to the precipitate to dissolve
the RNA. Reverse transcription was carried out according to the
instructions of the cDNA reverse transcription kit. The PCR
amplification conditions were as follows: predenaturation at
95 �C for 2min, denaturation at 95 �C for 15 s, extension at
55–68 �C for 30 s, 35–45 cycles, and annealing at 45 �C for 20 s.
The primer sequence of real-time PCR was as follows (Table 1):

The changes of NOS and PDE5 expression were evaluated
based on Ct values of the real-time RT-qPCR raw data using the
2–DDCt method.
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Statistical analysis

SPSS v20.0 software (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses. Data were expressed as means ± standard
deviation. If the data were normally distributed and conformed
to the homogeneity of the variance, a t-test was used for pairwise
comparison, but if the data were not normally distributed, the
utilized statistical method depended on the variance. If the data
were homogeneous with the variance, a one-way analysis of vari-
ance was used; otherwise, a nonparametric test was used.
p< 0.05 was considered statistically significant.

Results

Erectile times of rats in each group after drug intervention

After 8 weeks of drug intervention, the number of erections
within 30min after APO injection was statistically analyzed.
After APO induction, the number of erections in the M group
was 0, which was significantly different from that in the Z group
(2.67 ± 0.52) (p< 0.05). The number of erections in the T, DD,
and DG groups (1.33 ± 0.51; 1.5 ± 0.49; 1.26 ± 0.73) was different
from that in the M group (p< 0.05), and the number of erec-
tions in the DG group was better than that in the DD and T
groups, but there was no significant difference between the
groups (p> 0.05) (Table 2).

Body weight, blood glucose, insulin, glucagon and serum
eNOS levels of rats in each group after drug intervention

After 8weeks of drug intervention, there was no significant dif-
ference in body weight between the T, DD, and DG groups
(303.8 ± 25.3; 305.4 ± 24.4; 307.1 ± 19.3) and the M group
(299.8 ± 19.0) (p> 0.05); the blood glucose level of the DD and
DG groups (31.63 ± 3.60; 31.60 ± 3.35) was better than that of the
M and T groups (35.28 ± 1.73; 35.25 ± 6.10), but there was no
significant difference among the DIED groups. The serum insu-
lin level of the DG group (13.99 ± 1.00) was significantly higher
than that of the M group (11.75 ± 1.83) (p< 0.05), but there was
no significant difference in insulin level between the T and DD
groups (12.43 ± 1.20; 13.52 ± 1.23) and the M group (p> 0.05).
There was also no significant difference in glucagon level
between the T, DD, and DG groups (143.74 ± 11.98;
138.46 ± 8.88; 136.98 ± 8.46) and the M group (144.68 ± 11.47)
(p> 0.05). The level of serum eNOS in the T and DG groups
(15.85 ± 2.25; 17.13 ± 1.73) was significantly higher than that in

the M group (p< 0.05), but there was no significant difference in
the level of serum eNOS between the DD and M groups
(10.40 ± 1.54; 10.24 ± 1.56) (p> 0.05) (Figure 1(a–e)).

Serum FSH and testosterone levels of rats in each group
after drug intervention

The testosterone level in the M group (0.16 ± 0.02) was signifi-
cantly lower than that in the Z group (1.49 ± 0.65) (p< 0.05);
however, the testosterone level in the DG group (1.16 ± 0.24) was
significantly higher than that in the M group (p< 0.05). There
was no significant difference in the testosterone level between
the T and DD groups (0.17 ± 0.02; 0.41 ± 0.17) (p> 0.05).
Additionally, there was no significant difference in the serum
FSH level between the groups before and after drug intervention
(p> 0.05) (Figure 1(f,g)).

Penile tissue structure and ultrastructure of rats in each
group after drug intervention

HE staining results revealed that the trabeculae and blood
sinuses were well distributed in the cavernous body of penises in
group Z; some red blood cells were observed in the sinuses, and
the inner walls of the sinuses were covered with flat endothelial
cells. There were many smooth muscle cells, collagen fibres, and
some small blood vessels in the blood sinus trabecula, and no
hyperplasia in the interstitial tissue. In the M group, the number
of blood sinuses in the cavernous body of the penis was signifi-
cantly lower, the number of small blood vessels was significantly
lower with disordered distribution of blood sinuses, the density
of endothelial cells and smooth muscle cells were significantly
lower, and the number of collagen fibres were significantly
higher than the Z group. The distribution of blood sinuses in the
T, DD, and DG groups was more regular than that in the M
group, with higher density of endothelial cells, lower number of
collagen fibres decreased, and some red blood cells in the blood
sinuses (Figure 2(a)).

Under the transmission electron microscope, in the Z group,
smooth muscle cells had normal morphology and structure,
regular nucleus, abundant mitochondria, normal structure, clear
inner ridge and tight arrangement of myofilaments. In the M
group, some smooth muscle cells were swollen, the inner ridges
of mitochondria in muscle cells were clear, and the myofilaments
in some swelling cells were closely arranged and slightly loose.
After 8weeks of drug intervention, smooth muscle cells had nor-
mal morphological structure in the T, DD, and DG groups; we
also observed that the nucleus is regular, the inner ridge of mito-
chondria is clear and the myofilaments are arranged closely
(Figure 2(b)).

Expression of cGMP in penile tissue

The penile tissue level of cGMP in the M group (0.58 ± 0.15) was
significantly lower than that in the Z group (1.94 ± 0.24)
(p< 0.05) after 8 weeks of drug intervention. The cGMP level in
the T, DD, and DG groups (1.42 ± 0.12; 1.43 ± 0.13; 1.48 ± 0.11)
was significantly higher than that in the M group (p< 0.05),
among which the DG group showed the most significant
improvement. However, there was no significant difference
between the T, DD, and DG groups (p> 0.05) (Figure 1(h)).

Table 2. Erectile times of rats in each group after drug
intervention.

Group N Erectile times

Z Group 6 2.67 ± 0.52
M Group 6 0#

T Group 6 1.33 ± 0.51�
DD Group 6 1.5 ± 0.49�
DG Group 6 1.26 ± 0.73�
Note: Differences with p< 0.05 were considered statistcally
significant. #p< 0.05, the M group versus the Z group;�p< 0.05, the T, DD, DG groups vs. the M group.

Table 1. The primer sequences for RT-PCR.

Primer Forward Reverse

NOS 50-CCATCATGGACCACCACACA-30 50-GGACCAGCCAAATCCAGTCT-30
PDE5 50-CAGACTCGAGTGCACTTTGC-3 50-CATAACCAAGCTGCGTGTGG-3
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Expression of NOS and PDE5 protein in penile cavernous
tissue of rats

The level of NOS protein expression in the M group (0.37 ± 0.06)
was significantly lower than that in the Z group (0.97 ± 0.08)
(p< 0.05). After 8 weeks of drug intervention, the expression of
NOS protein in the T, DD, and DG groups (0.63 ± 0.08;
0.51 ± 0.06; 0.77 ± 0.05) was significantly higher than that in the
M group (p< 0.05), and the increase in the DG group was more
obvious. The expression of PDE5 protein in the M group
(0.78 ± 0.06) was significantly higher than that in the Z group
(0.33 ± 0.06) (p< 0.01). The expression of PDE5 protein in the T,
DD, and DG groups (0.55 ± 0.07; 0.62 ± 0.08; 0.43 ± 0.05) was
significantly lower than that in the M group (p< 0.01)
(Figure 3(a,b)).

Real-time RT-qPCR was used to detect the expression of
NOS and PDE5 mRNA in penile cavernous tissue of rats in
each group

The level of NOS mRNA expression in the M group (0.51 ± 0.01)
was significantly lower than that the Z group (0.58 ± 0.02)

(p< 0.05). After 8 weeks of drug intervention, the expression of
NOS mRNA in the T, DD, and DG groups (0.61 ± 0.01;
0.55 ± 0.02; 0.61 ± 0.02) was significantly higher than that in the
M group (p< 0.05), and the increase in the DG group was more
obvious. The expression of PDE5 mRNA in the M group
(0.81 ± 0.04) was significantly higher than that in the Z group
(0.51 ± 0.03) (p< 0.01). The expression of PDE5 mRNA in the T,
DD, and DG (0.67 ± 0.02; 0.74 ± 0.03; 0.61 ± 0.03) groups was sig-
nificantly lower than that in the M group (p< 0.01)
(Figure 3(c)).

Discussion

The leech-centipede granules are common combinations of drugs
for the treatment of blood stasis syndromes in clinical practice;
they are also the core component of many prescriptions for pro-
moting blood circulation and dredging collaterals. They have
good curative effects on some vascular complications (Li et al.
2013). In this study, we observed that leech-centipede drugs can
also significantly improve the erectile function of DIED rats.
After 8weeks of drug intervention, the erectile function of rats

Figure 1. (a) The body weight in rats from the Z, M, T, DD, DG groups. (b) The blood glucose in rats from the Z, M, T, DD, DG groups. (c) The insulin in rats from
the Z, M, T, DD, DG groups. (d) The glucagon in rats from the Z, M, T, DD, DG groups. (e) The blood eNOS in rats from the Z, M, T, DD, DG groups. (f) The blood FSH
in rats from the Z, M, T, DD, DG groups. (g) The blood T in rats from the Z, M, T, DD, DG groups. (h) The cGMP protein in rats from the Z, M, T, DD, DG groups. Data
are expressed as the mean ± SEM. Multiple comparisons analysis were conducted using ANOVA followed by t-testing.Differences with p < 0.05 were considered sta-
tistcally significant. #p < 0.05, the M group versus the Z group; �p < 0.05, the T, DD, DG groups vs the M group.
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in the DD and DG groups significantly improved compared with
that of rats in the M group, which showed that leech-centipede
drugs can improve the erectile function of DIED rats. Their

specific mechanism may be to improve the testosterone level of
the rats and regulate PDE5 pathway-related protein and mRNA
expression. The erectile process is dependent on androgen

Figure 2. (a) HE staining of testicular tissues of rats from the Z, M, T, DD, DG groups (�200). In Group Z: (i) There were some red blood cells in the sinus space, and
the inner wall of the blood sinus was covered with flat endothelial cells. There was no proliferation of interstitial tissue (Arrow ‹). In Group M: (i) The number of
blood sinuses decreased significantly, the number of small blood vessels decreased, and the distribution of blood sinuses was disordered (Arrow ›); (ii)The density of
endothelial cells and smooth muscle cells decreased significantly, and the number of collagen fibres increased (Arrow fi). In Group T: (i) The distribution of blood
sinuses was relatively uniform, and red blood cells could be seen locally in the blood sinus space (Arrow fl). In Group DD: (i) The distribution of blood sinus was
more regular than that of group M (Arrow �). In Group DG: (i) The density of endothelial cells increased and the number of collagen fibres decreased (Arrow –). (b)
Ultrastructure of penile tissue of rats from the Z, M, T, DD, DG groups (�5000). In Group Z: (i) Smooth muscle cells had normal morphology and structure, regular
nucleus, abundant mitochondria, normal structure, clear inner ridge and tight arrangement of myofilaments (Arrow ‹). In Group M: (i) some smooth muscle cells
were swollen, the inner ridges of mitochondria in muscle cells were clear, and the myofilaments in some swelling cells were closely arranged and slightly loose
(Arrow ›); In Group T, DD, DG: (i) Smooth muscle cells had normal morphological structure, regular nucleus, clear inner ridge of mitochondria and tight arrangement
of myofilaments.(Arrow fifl�–).

Figure 3. (a) The expression levels of two proteins (NOS, PDE5) in rats from the Z, M, T, DD, DG groups groups determined using western blotting. (b)
Electrophoreto gram of two proteins (NOS, PDE5) in rats from the Z, M, T, DD, DG groups. (c) The mRNA expression levels of two proteins (NOS, PDE5) in rats from
the Z, M, T, DD, DG groups determined using RT-qPCR. NOS, PDE5 Data are expressed as the mean ± SEM. Multiple comparisons analysis were conducted using
ANOVA followed by t-testing. Differences with P < 0.05 were considered statistically significant. #p < 0.05 and ##p < 0.01, the M group versus the Z group; �p <
0.05 and ��p < 0.01, the DD, DG groups vs the M group.
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(Zhang et al. 2005); diabetes may cause testicular tissue damage,
gonadal secretion axis function damage, and affect the synthesis
and secretion of testosterone (Saad 2009), thus, leading to testos-
terone deficiency in patients. Testosterone can maintain normal
cell morphology and function by acting on the androgen recep-
tor of penile cavernous smooth muscle cells (Pu et al. 2008), to
maintain the integrity of penile erectile structure. However,
insufficient androgen secretion can lead to apoptosis of penile
cavernous smooth muscle cells, which then cannot maintain the
integrity of the erect penile structure. At the same time, testos-
terone can stimulate erection and maintenance of the penis by
increasing male sexual desire (Wang et al. 2004), activating
mononitrates (Chamness et al. 1995), and reducing penile cav-
ernous vasoconstriction (Reilly et al. 1997). The results of this
study showed that testosterone level and erectile function of rats
in the M group were significantly lower than those in the Z
group. After 8 weeks of drug intervention, the testosterone level
and erectile function of rats in the DD and DG groups were sig-
nificantly higher than those of rats in the M group. The above
results showed a positive correlation between serum testosterone
level and erectile function, which confirmed the role of testoster-
one on erectile function, and also showed that leech-centipede
granules might improve erectile function by improving the tes-
tosterone level in DIED rats.

In recent years, studies have shown that the NO-cGMP-PDE5
pathway plays a key role in the physiological response to penile
erection (Xin et al. 2001). NO is an important neurotransmitter
in the corpus cavernosum mediating penile erection. During sex-
ual stimulation, the parasympathetic nerve, non-adrenergic and
non-cholinergic nerve endings, and vascular endothelial cells
release NO under the action of NOS. NO activates guanylate
cyclase and converts GDP into cGMP, which reduces intracellu-
lar calcium concentration, relaxes the cavernous smooth muscle,
and increases penile blood flow to induce an erection. PDE5 pro-
motes the degradation of cGMP into inactive GUMP and stops
the process of penile erection. At present, PDE5 inhibitors, the
first-line drugs in clinical ED treatment, are based on the above
physiological processes: they selectively block the degradation
process of cGMP and promote the increase in cGMP level to
continue working. Therefore, it is an effective way to treat ED by
improving the activity of NOS or inhibit the effect of PDE5, to
improve the level of NO in the penile cavernous body. Our
results showed that after 8weeks of drug intervention, the
expression of NOS protein in the DD and DG groups was sig-
nificantly higher than that in the M group (p< 0.05), and this
increase was more obvious in the DG group. The PDE5 mRNA
expression level in the DD and DG groups was significantly
lower than that in the M group (p< 0.01). Thus, our results
show that leech-centipede could improve erectile function of
DIED rats by increasing the expression of NOS protein and
inhibiting the expression of PDE5 protein.

Studies have shown a close relationship between the severity
of DIED and blood glucose control (Roth et al. 2003). The treat-
ment of DIED is based on blood glucose control to prevent fur-
ther damage of blood vessels and nerves caused by diabetes. In
this study, we showed that after 8 weeks of leech-centipede treat-
ment, the insulin level of rats in the DG group was significantly
higher than that of rats in the M group, and the blood glucose
control was relatively ideal. Thus, leech-centipede can improve
erectile function and reduce the hyperglycaemia state of DIED
rats. Our study still has many limitations; for example, we did
not measure the concentration of CAþ in penile tissues and the
cells with functional gain and loss. IC50 ED50, LD50, MIC, etc.

were also not measured. Therefore, we will continue to explore
the potential mechanism of leech-centipede in improving dia-
betic ED from a cellular aspect.

Conclusions

The leech-centipede granules may improve the erectile function
of DIED rats by improving blood glucose level, increasing testos-
terone secretion level, repairing pathological and ultrastructural
damage of the penis cavernous body, and influencing the expres-
sion of cGMP, NOS, and PDE5-related molecules in the PDE5
pathway. This study provides a potential mechanism for the
treatment of DIED with leech-centipede. It has increased the sci-
entific basis for clinical application.
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