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the L-PRP gel, the pure platelet-rich plasma (P-PRP) solution, and 
the P-PRP gel.9–11 Furthermore, a study revealed that mononuclear 
phagocytes have roles in the endometrial regeneration process in 
menstrual cycles. Moreover, leukocytes were proved that they helped 
anti-inflammation and secreted a considerable amount of VEGFs, 
which play an essential role in angiogenesis and tissue regeneration.12

To overcome limitations about using directly on humans 
because of complex ethical and legal issues. Recent research 
showed that the mouse AS model could be an alternative 

In t r o d u c t I o n

Asherman’s syndrome is identified by adhesion or fibrosis in the 
uterine resulting from damage to the endometrium, often leading 
to amenorrhea, infertility, or pregnancy loss.1,2 The leading cause 
of this syndrome is the damage caused by abortion. This will cause 
dysfunction of the regenerative process, leading to abnormal 
endometrial morphology and loss of uterine function. Recently, 
studies showed that damaged endometrium leads to inhibiting 
cell proliferation and neovascularization and releases many fibrosis 
factors in the uterus.3,4 Treatments of AS aim to recover the normal 
uterine cavity and restore uterine function. The most commonly 
used treatment methods are surgical to remove the adhesions by 
scissors and forceps.1,5 However, this method is ineffective and can 
lead to severe injury to the basal layer, meaning the loss of stem 
cells and progenitor cells in the uterus.6 Therefore, finding a better 
treatment method for AS is necessary.

Platelet-rich plasma is accomplished with two-step centrifugation, 
containing many platelets and GFs secreted by platelets.7 The number 
of platelets in PRP is 2.5–8 times higher than in whole blood. In 
addition, PRP provides GFs, such as platelet-derived GF, transforming 
GF, vascular endothelial growth factors (VEGF), epidermal GF, and 
adhesion proteins (fibrin, fibronectin, and vitronectin) that generate 
neovascularization and enhance nutrients needed for cells to 
regenerate the injured tissues.8 In addition, PRP has been classified 
into four types, depending on the presence/absence of leukocytes 
and the activation or not of the PRP. These are the L-PRP solution, 
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Ab s t r Ac t
Background: Platelet-rich plasma (PRP) contains many platelets and growth factors (GFs) that have been proven to promote wound healing, cell 
proliferation, and migration. The impact of leukocyte platelet-rich plasma (L-PRP) consequence in the murine model of Asherman’s syndrome 
(AS) is considerable.
Aim: To evaluate the effect of one dose of L-PRP in the murine model of AS.
Materials and methods: Asherman mouse models were conducted by inserting the 25 gauge needle into the uterine horn through the lumen 
and stabilized for three estrus cycles. L-PRP (20 µL/horn) was injected into the uterine horn through the vagina of mice at the diestrus of the 
third estrus cycle. The function of the uterine was recorded at the eighth estrus cycle.
Statistical analysis: Data were expressed as mean ± standard deviation (SD). Student’s t-test and one-way analysis of variance (ANOVA) were 
performed by GraphPad 8.0.
Results: L-PRP solution increases the number of uterine glands, increases the thickness of the endometrium, and expands the area of uterine 
lumen in the PRP group after one cycle of estrus. Besides that, using the L-PRP solution increased the rate of pregnancy in the mouse.
Conclusion: One dose of L-PRP has a positive impact on improving uterine function in the murine model of AS.
Clinical significance: This study provides a scientific basis for the potential application of the one dose-L-PRP in the clinical treatment of 
endometrial damage.
Keywords: Asherman’s syndrome, Damaged endometrium, Leukocyte platelet-rich plasma, Mouse model, Tissue regeneration.
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uterine horns were carefully rinsed with saline. Both groups’ mice’s 
abdomen was closed and sterilized with povidine. During the fourth 
estrus cycle, female mice were paired with the normal male mice, and 
the number of pregnant was recorded at the seventh estrus cycle.

Leukocyte Platelet-rich Plasma Treatment on the 
Murine Model of AS
Female mice were divided into three groups: the sham-operated 
group (the control group, n = 3), the negative control group 
[phosphate-buffered saline (PBS) group, n =3], and the treated 
group (PRP group, n = 3). Mice were damaged in both uterine horns 
and stabilized for three estrus cycles. Mice were anesthetized, and 
L-PRP solution was injected into both uterine horns (20 µL/horn) 
through the vagina of mice at the diestrus of the third estrus cycle. 
To evaluate the endometrial function after injection of L-PRP, 
PRP-treated female mice were bred with normal male mice at the 
fifth estrus cycle, and the number of pregnant was recorded at the 
eighth estrus cycle.

Analysis of the Histological Structure
The uterine horns of Asherman’s model were collected after injury 
(D0), the first estrus cycle (1 ES), the second estrus cycle (2 ES), and the 
third estrus cycle (3 ES). Besides, the uterine horns injecting PRP were 
collected at the following estrus cycle. All samples were fixed in 10% 
formaldehyde (Merck, Germany) for 24 hours before dying hematoxylin 
and eosin (H&E) (Thermo Scientific, USA). The samples were evaluated 
under an inverted microscope (Olympus, Japan). The area of the lumen, 
endometrium, myometrium, and uterine horn were determined by 
ImageJ 1.8.0. Various indices were used to determine the proportion 
of injury [endometrial area/total horn area ratio (EA/THA), lumen 
area/total horn area ratio (LA/THA), lumen area/endometrial area ratio 
(LA/EA)] to the endometrium by evaluating H&E slides.16

Statistical Analysis
The data were expressed as mean ± SD. Student’s t-test and one-way 
ANOVA were performed by GraphPad 8.0 software with p < 0.05 as 
a significant difference.

re s u lts

Determination of Estrus Cycle
Vaginal cytology showed three types of H&E staining: leukocytes, 
nucleated epithelial cells, and cornified epithelial cells. Based on 
the presence or absence of those cells, the estrus cycle phase of 
mice was determined. The results indicated that the estrus cycle 
of mice lasted 4–5 days.

Preparation of L-PRP
The hemocytometer calculated the number of platelets. Platelets 
in L-PRP were 4.189 ± 0.577 × 109 cells/mL and 0.743 ± 0.173 × 
109 cells/mL in whole blood (p < 0.05). The consequences indicated 
that platelets in L-PRP were 5.797 ± 1.215-fold higher than in 
peripheral blood.

Establishment of the Murine Model of AS
By H&E staining, there were differences between the control group 
(group I) and the Asherman group (group II). In the control group, 
there were 51–57 endometrial glands that were higher than those 
in the experimental group (25–45 uterine glands), and there was 
a significant difference between the two groups (p < 0.05) (Fig. 1). 
Besides, epithelial cells no longer retain the single columnar layer 

method. Asherman’s models were established by using a 7-gauge 
needle inserted into the uterine of the mouse.13 Trichloroacetic 
acid was injected into the uterine to establish the damaged 
endometrium.14 There was a study on using ethanol 95% and kept 
for 5 minutes to damage the endometrium.15 All the above studies 
have in common that the mice cannot get pregnant and the uterine 
tissue was destroyed, which are the symptoms of AS.

In this study, we aimed to establish AS model by using 
a 25-gauge needle (25G) on female mice that had given birth 
to a litter and evaluated histological and functional analysis to 
explore whether one dose of L-PRP solution administration could 
regenerate the structure and function of uterine, and ameliorate 
pregnant outcomes.

MAt e r I A l s A n d Me t h o d s

Experimental Animals
The 10–12 weeks of age Mus musculus Var. Albino mice were 
obtained from Pasteur Institute, Ho Chi Minh City, Vietnam. Female 
mice that had given birth to a litter were used to eliminate primary 
infertility. Mice were kept 4–5 per cage (41 × 27 × 14 cm) and 
maintained in the room with 12/12 hours light/dark cycle, and the 
temperature was 25 ± 3°C at the Laboratory of Tissue Engineering 
and Biomedical Materials (University of Science, Vietnam National 
University at Ho Chi Minh City). Mice were allowed to have free 
access to food and water. Procedures in this research were accepted 
by the Animal Care and Use Committee of the University of Science 
(580B/KHTN-ACUCUS).

Determination of Estrus Cycle
Mice’s estrus cycle was determined by the vaginal smear. Samples 
were collected using a cotton bud wetted with saline and inserted 
into the vagina of mice. The bud was gently rotated against the 
vaginal wall. Vaginal cells were transferred to a glass slide by rotating 
the cotton bud across the side of the slide. Vaginal cells were fixed by 
ethanol 96% (Merck, Germany) for 10 minutes. Then, the slides were 
rinsed with water, dried, and dyed with hematoxylin (Sigma, USA) for 
10 minutes and eosin (Sigma, USA) for 30 seconds. The estrus cycle 
stage was recognized as assumed from the presence/absence of 
leukocytes, nucleated epithelial cells, and cornified epithelial cells.

Preparation of L-PRP
Whole blood was withdrawn into the clean tube containing 10% 
anticoagulant citrate dextrose solution (Becton Dickinson, USA) by 
cardiac puncture in the anesthetized mice. The blood underwent 
the first centrifugation at 3500 rpm for 3 minutes. Then, the buffy 
coat was transferred to another tube. The sample underwent the 
second centrifuge at 3000 rpm for 22 minutes (EBA 200, Hettich, 
Germany). L-PRP solution was accelerated and collected after 
removing 2/3 supernatant from the tube.

Establishment of the Murine Model of AS
In the pro-estrus period, mice have injected with 100 µL of human 
chorionic gonadotropin 50 IU/mL (LG Life Science, Korea). Female 
mice were randomly divided into two groups: the control group 
(group I, n = 12) and the injury group (group II, n = 12). After 16 hours, 
mice were anesthetized with the combination of Ketamine (Ilium, 
Australia), Xylazine (Ilium, Australia), and saline with a rate of 3:1:1 by 
intramuscular injection. The abdominal wall of mice was opened, 
and uterine horns were kept by forceps. A 25G was inserted into the 
lumen, rotated, and withdrawn four times in the injury group. Then, 
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structure in the experimental group, and endometrial adhesion 
was observed at the 1 ES, 2 ES, and 3 ES (Fig. 2). Moreover, mice 
were pregnant with 10.000 ± 1.732 fetuses in the control group, 
and there was no fetus in the Asherman group.

Leukocyte Platelet-rich Plasma Treatment on the 
Murine Model of AS
To figure out the effect of L-PRP on the murine model of AS, PRP was 
injected into both uterine horns (20 µL/horn) through the vagina of 
mice at the diestrus. In the untreated group (PBS group), the uterine 
sections had a small lumen, an abnormal structure consisting of 
messy cells, challenging to distinguish, and had adhesion compared 
with other groups (Fig. 3). In addition, the number of uterine glands 
in the PRP-treated group increased significantly compared with the 
PBS group (p < 0.05).

In the PRP-treated group, the lumen was more significant than 
in the untreated group. The EA/THA in the control group and the 
group treated with PRP was increased significantly compared with 
the PBS group (p < 0.05). The lumen area/total horn area ratio had 
similar results to EA/THA (p < 0.05). The percentage of LA/EA in the 

Fig. 1: Uterine glands of control (group I) and Asherman (group II). CT, 
Control; D0, After injury; 1 ES, First estrus cycle; 2 ES, Second estrus 
cycle; 3 ES, Third estrus cycle. ****p < 0.0001; ***p < 0.001; **p < 0.01; 
*p < 0.05; ns, Not significant

Figs 2A to D: Tissue of Asherman’s mouse uterine by H&E staining compare to the control. Mouse uterine tissue from the control group: (A) D0; 
(B) 1 ES; (C) 2 ES; (D) 3 ES. Mouse uterine tissue from the Asherman group: (A’) D0; (B’) 1 ES; (C’) 2 ES; (D’) 3 ES. Area injury (black square); epithelial 
endometrium (black arrow); zoom (dashed square); endometrial gland (white arrow); adhesion in uterine (white square) (scale bar: 200 µm)
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Asherman’s syndrome is characterized by adhesion or fibrosis 
in the uterine resulting from damage to the endometrium of 
the uterus, often leading to amenorrhea, infertility, or recurrent 
pregnancy loss. Our present study successfully established the 
murine model of AS in female mice according to published 
protocol.20 However, unlike the previous research, this study 
was conducted by female mice that had given birth to a litter to 
eliminate primary infertility. Results have shown that mechanical 
force effectively induces endometrial adhesions in mice at the 
first estrus cycle. In the Asherman group, it was observed that 
endometrial regeneration occurred at the second estrus cycle and 
decreased at the third estrus cycle. However, it cannot be restored 
to its original state, possibly due to damage to the basal layer 
of the endometrium, reducing both the quantity and quality of 
endometrial stem cells. Besides, the renewal of epithelial cells was 
mainly completed, and the disturbance of the intestinal epithelial 
cell population was observed. The abnormal morphology may lead 

control and PRP-treated groups was higher than in the PBS group. 
Still, there was no significant difference in the three groups (p > 0.05) 
(Fig. 4). On the contrary, mice were pregnant with 11.33 ± 0.577 in 
the PRP group, 11.67 ± 1.155 in the control group (p > 0.05), and no 
fetus in the PBS group (p < 0.05).

dI s c u s s I o n

Platelet-rich plasma is collected by centrifuging the patient’s 
blood to obtain a concentration of platelets 4–5 times above the 
average value.17 GFs accumulate through centrifugation and deliver 
to the affected area for regeneration and healing.18 As a result, 
PRP can be used to treat endometrial injury. Our platelet count 
illustrated that L-PRP platelets were 5.797 ± 1.215-fold higher than 
peripheral blood. Based above result, the platelet concentration 
in L-PRP obtained by two-step centrifugation was equivalent to 
the published study.19

Figs 3A to C: Tissue of mouse uterine after PRP treatment. (A) The sham-operated (control) group; (B) The PBS group; (C) The PRP group; endometrial 
gland (white arrow); adhesion in uterine (white square) (scale bar: 200 µm)

Figs 4A to E: Uterine of mouse after PRP treatment. (A) The area proportion of the uterine; (B) The number of uterine glands; (C) Fetuses in the 
sham-operated (control) group; (D) Fetus in the PBS group; (E) Fetuses in the PRP group. EA/THA, Endometrial area/total horn area ratio; LA/THA, 
Lumen area/total horn area ratio; LA/EA, Lumen area/endometrial area ratio; Black arrow: fetus. ****p < 0.0001; ***p < 0.001; **p < 0.01; *p < 0.05; 
ns, Not significant
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to infertility in the Asherman group. Recent studies indicated that 
mechanical force caused adhesions in the uterine and the inability 
to get pregnant.13,21

Leukocyte platelet-rich plasma solution was injected into 
both uterine horns through the vagina of Asherman’s mouse 
model at the diestrus of the third estrus cycle. One dose of 
L-PRP solution enhanced the regenerative process, increasing 
the endometrial thickness, significantly increasing the number 
of endometrial glands, and decreasing the fibrotic area in the 
uterine. Moreover, the L-PRP solution also helps improve mating 
outcomes in the mouse model group. Hence, using only one 
dose of L-PRP helps save time and cost to facilitate the design 
of treatment regimens for humans. Many studies have also 
revealed that the L-PRP solution effectively supports endometrial 
regeneration, promoting the proliferation of local endometrial 
cells.3,4,22

The consequences reveal that PRP may be useful for healing 
in AS. However, this study had some limitations, such as the 
small sample size, the short treatment time, and the molecular 
level evaluations needed to find which L-PRP elements improve 
regenerative processes and mechanisms.

co n c lu s I o n

In this study, the mouse AS model was established by mechanical 
force using a 25G. PRP, in which the volume of platelets was six 
times higher than whole blood, was injected into uterine horns. 
The results showed that one dose of L-PRP helps increase the 
uterine glands, increase the thickness of the endometrium, and 
the outcome of pregnancy in the murine model of AS. Moreover, 
evaluating the GF concentration and the molecular levels in L-PRP 
is essential in treating AS.

cl I n I c A l sI g n I f I c A n c e

This study provides a scientific basis for the potential application of 
one dose of L-PRP in the clinical treatment of endometrial damage.
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