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Abstract

This study aimed to establish animal models with different degrees of ejaculatory

duct obstruction. Forty-eight male rats aged 14–15 weeks were randomly divided

into three groups (n = 16): control, complete ejaculatory duct obstruction (tied

around the lower seminal vesicle gland and ductus deferens with a 2–0 silk ligature),

and partial ejaculatory duct obstruction (padded with a wire guide). Mortality, compli-

cations, seminal vesicle morphology and histopathology were compared in the three

groups at 4 and 8 weeks postoperatively. In the complete ejaculatory duct obstruc-

tion group, seminal vesicle weight decreased gradually with increased obstruction

time compared with those of the control group (p < 0.05); moreover, stone-like

material was occasionally observed. In the partial ejaculatory duct obstruction group,

there was an increase followed by a decrease in seminal vesicle weight in the postop-

erative period compared with that of the control group (p < 0.05). Histopathological

lesions of seminal vesicles were observed in the complete and partial ejaculatory duct

obstruction groups (8 weeks postoperatively). We successfully established animal

models of complete and partial ejaculatory duct obstruction, which provide an easy-

to-use tool for studying seminal vesicle changes after ejaculatory duct obstruction.
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1 | INTRODUCTION

Ejaculatory duct obstruction (EDO) is an abnormal lesion of the distal

ejaculatory duct of the seminal tract, resulting in sperm discharge

obstruction, which accounts for 1%–5% of all causes of male infertility

(Achermann & Esteves, 2021). EDO can be categorized as complete

or partial depending on the degree of obstruction. EDO not only

affects fertility but also causes symptoms, such as weak ejaculation,

painful ejaculation, haemorrhage, perineal pain and even psychosocial

problems (Parnham & Serefoglu, 2016). Currently, routine semen

analysis and transrectal ultrasound are the preferred screening

methods for the diagnosis of EDO, given their low invasiveness and

simplicity. In addition, several special diagnostic methods are used for

EDO, such as endorectal magnetic resonance imaging, seminal ves-

iculography, technetium Tc 99m sulphur colloid seminal vesicle scin-

tigraphy and ejaculatory duct open pressure measurement (Guo

et al., 2013; Modgil, Rai, Ralph, & Muneer, 2016; Orhan et al., 2008).

At present, the main treatment for EDO is minimally invasive surgery.

Transurethral resection of the ejaculatory duct (TURED) is a classic

surgical procedure with a definite curative effect and was first
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described by Farley and Barnes (Farley & Barnes, 1973). With the

development of technology, new minimally invasive surgical proce-

dures are available to treat EDO, including transurethral incision of

the ejaculatory duct, transurethral seminal vesiculoscopy and trans-

urethral balloon dilation (Chen et al., 2018; Kayser et al., 2012;

Wang, Xie, Zheng, & Jiang, 2021). A systematic review of TURED's

efficacy reported that significant improvement in semen volume was

observed in 83.0% of EDO patients in 23 studies, with a post-

operative natural pregnancy rate of 25% (Mekhaimar et al., 2020).

El-Assmy, El-Tholoth, Abouelkheir, & Abou-El-Ghar (2012) reported

improved semen parameters and natural pregnancy rate in 23 EDO

patients after TURED, and achieved better response with partial

EDO and cyst-induced complete EDO. In view of the phenomenon

that some EDO patients have no benefit after surgery and different

subgroups of EDO patients have different surgical responses, we

suspect that EDO causes seminal vesicle lesions. Therefore, it was

necessary to establish an animal model that replicates the mecha-

nism of human EDO.

This study aimed to establish an easy-to-use animal model of

EDO (both complete and partial) to assess mortality, complications,

seminal vesicle morphology and histopathology. We hope this model

will provide andrologists with a powerful tool to study the pathophys-

iology of EDO, thereby helping to improve overall male fertility.

2 | MATERIALS AND METHODS

2.1 | Animal model preparation

Forty-eight male Wistar rats (weighing 350–400 g, 14–15 weeks old)

from the Animal Experiment Centre of Shanxi Medical University

were used in this study. All rodents were housed at a comfortable

temperature (23 ± 2�C) and light (12 h light and 12 h dark) with free

access to a standard diet and clean water before and after surgery. All

surgeries were performed by a single experienced surgeon to ensure

uniformity and reproducibility of the animal model. All rats were

anaesthetized intraperitoneally using sodium pentobarbital (50 mg/kg,

Sheng xing Biotechnology Co Ltd.) before the procedure. The rats

were randomly divided into three groups (n = 16 per group): the com-

plete EDO group underwent complete bilateral ligation of the lower

seminal vesicle gland and ductus deferens, the partial EDO group

underwent partial bilateral ligation of the lower seminal vesicle gland

and ductus deferens, and the control group only underwent abdomi-

nal opening and closing.

2.2 | Surgical procedures

All animals were fasted for 8 h before surgery. The surgical procedure

is illustrated in Figure 1. A brief overview followed, the rats were

placed in a supine position on an animal handling platform. The abdo-

men was shaved, washed and disinfected with povidone-iodine

(Lircon Medical Technology Ltd.). A 4-cm midline abdominal incision

was made, and the fat body, seminal vesicles, urinary bladder and gas-

tral lobe of the prostate were carefully isolated from the surrounding

tissue. After carefully dissecting the lower part of the seminal vesicle

gland and the gastral lobe of the prostate, the bilateral ductus

deferens entered the prostate in a “Y” shape. To create a complete

EDO, a 2-0 silk (Jiasheng Medical Supplies Ltd.) ligature was tied

around the lower seminal vesicle gland and ductus deferens. To create

a partial EDO, the ligature was padded with a 0.7-mm wire guide; one

end of the ligature was connected to the tension transducer (JZ101,

Singapore Airlines Xingye Technology & Trade Ltd.) and the other end

was gently and slowly pulled until the tension reached 150 g. Finally,

the wire guide was removed, and the abdominal incision was then

closed.

Mortality, complications, seminal vesicle morphology and histopa-

thology were evaluated at 4 weeks postoperatively in half of the rats

and the remainder at 8 weeks.

2.3 | Histopathological study

Half of the rats in each group were humanely sacrificed 4 weeks

after surgery, and the seminal vesicles were rapidly removed and

weighed. The remaining rats in each group received the same treat-

ment 8 weeks after surgery. The ratio of bilateral seminal vesicle

weight (mg) to body weight (g) was calculated for all rats. Equal-

sized specimens from each group of seminal vesicles were cut and

instantly fixed with 4% paraformaldehyde. The tissues were

embedded in paraffin and sectioned (5 μm). Haematoxylin and eosin

staining was performed to examine tissue histopathological

changes.

2.4 | Statistical analysis

All experiments were performed in triplicate. The analysis was per-

formed using SPSS Statistics 26.0 software (IBM). The data are

expressed as mean ± SD, and the differences between groups were

compared using analysis of variance; for all statistical tests, p < 0.05

was considered to be significant.

3 | RESULTS

3.1 | Establishment of the model

One animal in the complete EDO group died of postoperative wound

infection, whereas two animals died in the partial EDO group due to

postoperative wound infection and intestinal obstruction. No compli-

cations occurred in the other animals. In the surviving animals, obvi-

ous modelling effects were observed in the complete EDO group; two

rats in the partial EDO group were excluded due to the loss of ligature

knot. The operation time, survival rate and modelling success rate of

each group are found in Table 1.
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3.2 | Gross morphology

The seminal vesicles were removed and photographed (Figure 2). The

seminal vesicles in the complete EDO group were atrophied and hard-

ened, and their contents coagulated, which worsened with the dura-

tion of obstruction. Stone-like material was visible in the seminal

vesicle contents of some animals in the complete EDO group 8 weeks

postoperatively, and infrared spectroscopy of stone composition

showed apatite carbonate (9/10) and calcium oxalate monohydrate

(1/10). In the partial EDO group, the seminal vesicles were larger and

fuller 4 weeks postoperatively than the seminal vesicles in the control

group, and some of the glandular cavities were atrophied and hard-

ened 8 weeks postoperatively.

3.3 | Body and organ weights

There was no significant difference in body weight between the

groups at 4 and 8 weeks after surgery. The ratio of the seminal vesicle

weight (mg) to body weight (g) can be used to verify changes in the

seminal vesicle weight and whether the histopathological change was

caused by the surgery (Figure 3). At 4 and 8 weeks after surgery, the

TABLE 1 Results of operation time,
survival rate and modelling success rate
in each group (n = 16)

Groups Operative time (min) Survival rate (%) Modelling success rate (%)

Complete EDO 14.9 ± 1.37 93.75 100.00

Partial EDO 18.2 ± 1.03 87.50 85.71

Control 9.55 ± 1.05 100.00 100.00

Note: Values are presented as mean ± standard deviation (Mean ± SD).

Abbreviation: EDO, ejaculatory duct obstruction.

F IGURE 1 Major surgical procedures.
(a) A 4-cm midline abdominal incision.
(b) The tissues surrounding the
ejaculatory duct were carefully exposed.
(c) The complete EDO group: a 2-0 silk
ligature was tied around the lower
seminal vesicle gland and ductus
deferens. (d) The partial EDO group: the
ligature was padded with a 0.7-mm wire

guide. EDO, ejaculatory duct obstruction.
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weight of the seminal vesicles was significantly lower in the complete

EDO group (ratio: 1.08 ± 0.10 at 4 weeks and 0.68 ± 0.08 at 8 weeks

after surgery). In the partial EDO group, the weight of the seminal ves-

icles increased significantly 4 weeks after surgery (ratio: 2.43 ± 0.20)

and decreased significantly 8 weeks after surgery (ratio: 1.19 ± 0.10).

3.4 | Histopathological examination

Histopathological changes in each group are shown in Figure 4. Four

weeks after surgery, the smooth muscle layer appeared to be thick-

ened in partial EDO, but no other histological changes were found.

The complete EDO group showed damage, including blue-stained

crystalloids, reduced epithelial cells, a thin smooth muscle layer and

multinucleated giant cells. Eosinophilic secretions and degenerated

exfoliated epithelial cells were observed in the control group. Eight

weeks after surgery, the partial EDO group also showed damage

changes, such as thinning of the muscle layer, loss of epithelial cells,

blue-stained crystalloid and multinucleated giant cells. In the complete

F IGURE 2 Gross seminal vesicle
morphology of the complete and partial
EDO groups, and that of the control
group. EDO, ejaculatory duct obstruction.

F IGURE 3 Seminal vesicle weights (mg) normalized to body
weight (g) at 4 and 8 weeks postoperatively. The asterisk indicates
p < 0.05 compared with the control group.
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EDO group, the extent of the damage increased over time, with the

smooth muscle layer becoming thinner and the epithelial cells barely

visible.

4 | DISCUSSION

With the rapid development of diagnostic technology and gradual

improvement in men's self-health awareness, andrologists are

increasingly encountering EDO patients. Currently, transurethral re-

section of the ejaculatory duct is the classic surgical method for the

treatment of complete and partial EDO. In our long-term clinical

study, we found that the semen of some patients did not improve

even when the ejaculatory duct obstruction was removed, a finding

that is consistent with the results observed by other researchers

(Raheem, De Luca, Muneer, & Ralph, 2016; Sangster et al., 2017; Tu

et al., 2013). We hypothesized that EDO leads to increased

intracapsular pressure in the seminal vesicles, thus impairing the

seminal vesicle.

Few basic studies on seminal vesicle injury caused by EDO have

been conducted at home and abroad. We implemented previous

modelling methods, whose introduction of tension transducers

ensures consistent ligature diameters and guarantees the stability of

the partial EDO models (Fei, Wen-jun, & Xiao-feng, 2010). In this

experiment, the round passivated 10-mL syringe needle was replaced

with a 0.7-mm wire guide to avoid surgical side injuries. Care should be

taken when completely ligating the ejaculatory duct because it may be

disconnected. In this experiment, no water was given for 8 h before the

procedure to prevent excessive stretching of the bladder and thus made

it easier to expose the lower end of the seminal vesicles and ductus

deferens, which would otherwise be prone to bladder bleeding or even

rupture. It is worth noting that the anatomy of rats differs from that of

humans. In humans, the seminal vesicle excretory duct merges with the

ampulla of the ductus deferens to form the ejaculatory duct, which pas-

ses through the prostate and finally opens into the prostatic urethra at

the verumontanum. In rats, the relative length of the ductus deferens is

small, and the seminal vesicle excretory duct joins the ductus deferens

in the urethra to form the ejaculatory duct. We chose to ligate the lower

seminal vesicle gland and ductus deferens rather than directly ligate the

ejaculatory duct, which not only had no impact on the study of EDO on

seminal vesicle changes but also ensured the establishment of animal

models safely and quickly.

F IGURE 4 Histopathological examination of seminal vesicles in the rats at 4 and 8 weeks postoperatively. The control group (4 and 8 weeks):
a large glandular lumen with occasional eosinophilic secretions (asterisks) is noted; the mucosal folds have an alveolus-like structure, with a
thicker smooth muscle layer (arrows). The partial EDO group at 4 weeks: the smooth muscle thickness is increased (arrow). At 8 weeks: blue-
stained crystalloids (open arrows) and multinucleated giant cells (arrowhead) are seen in the glandular lumen. The smooth muscle layer (arrow) is
significantly thinner, with no epithelial cells. The complete EDO group at 4 weeks: the reduced glandular lumen contains more blue-stained
crystalloids (open arrow), multinucleated giant cells (arrowhead), eosinophilic secretions (asterisks), and some degenerated exfoliated epithelial
cells (open arrowhead). The smooth muscle layer (arrow) is thinner, and some degenerated epithelial cells (double arrowhead) are observed. At
8 weeks: the smooth muscle layer (arrow) is significantly thinner, and no epithelial cells are observed. EDO, ejaculatory duct obstruction.
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Our results showed that EDO leads to progressive damage to the

seminal vesicles, which was consistent with our hypothesis. This dam-

age included atrophy of the seminal vesicles, progressive thinning of

the muscle layer and a gradual decrease in epithelial cells. Blue-stained

crystalloid and multinucleated giant cells in the glandular lumen

appeared because of EDO. Eosinophilic secretions and degenerated

exfoliated epithelial cells were not particularly significant in seminal

vesicle injury. In the partial EDO group, however, the seminal vesicles

compensated for the increased intravesicular pressure 4 weeks after

surgery. With the extension of the partial obstruction time, the com-

pensatory mechanism gradually lost its function.

This is the first animal model with different degrees of EDO,

and it can lay a theoretical foundation for the pathophysiological

changes in seminal vesicles after EDO. However, changes in

intracapsular seminal pressure and semen parameters after the

release of obstruction were not assessed in this experiment, and

thus need to be investigated in future studies. In addition, this study

did not explore the mechanisms associated with EDO that led to

seminal vesicle alterations. Therefore, follow-up experiments are

needed to investigate the interrelated mechanisms and generate

experimental evidence.

5 | CONCLUSION

We have successfully established an animal model of complete and

partial EDO. The model is easy to construct, the effect is precise, and

obstruction is easy to cause and release. Moreover, it provides an

excellent research tool and method to further study and clarify the

pathophysiological changes in seminal vesicles after EDO.
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