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Abstract: Background and Objectives: This study aimed to evaluate the histopathological effects and
tissue VEGEF levels of combined methylprednisolone and hyaluronic acid treatment in a rat model
with experimentally induced Asherman Syndrome prospective laboratory study. Materials and
Methods: Twenty-six female Sprague Dawley rats were used. Trichloroacetic acid was applied to the
right uterine horns of all groups to induce adhesion formation. First, we induced an Asherman model
in 2 rats (Group 1). The remaining rats were divided into 3 groups. Group 2 received intrauterine
hyaluronic acid treatment, Group 3 received oral methylprednisolone treatment, and Group 4
received both treatments. Histopathologically inflammation, gland count, and fibrosis levels were
assessed. VEGF levels were analyzed immunohistochemically. Results: Hyaluronic acid treatment
increased uterine lumen diameter and vascularization. Methylprednisolone treatment increased
gland count and uterine wall thickness while decreasing inflammation and fibrosis scores. Combined
treatment further enhanced these effects (p<0.05). Conclusions: Methylprednisolone treatment
significantly prevented adhesion formation and reduced inflammation and fibrosis scores compared
to hyaluronic acid treatment alone. The combined treatment adds to the effects of hyaluronic acid
treatment alone and provides better healing.

Keywords: asherman syndrome; methylprednisolone; hyaluronic acid; histopathological score;
VEGEF; prospective laboratory study

1. Introduction

Intrauterine adhesions (IUA), also known as Asherman Syndrome, involve the formation of scar
tissue within the uterine cavity. This condition was first described by Heinrich Fritsch in 1894, and
the term "Asherman Syndrome" was later coined by Josef Asherman in 1948 [1,2]. Since then,
numerous cases and various treatment protocols have been reported. Patients with Asherman
Syndrome exhibit a range of symptoms including infertility, hypomenorrhea, amenorrhea, menstrual
irregularities, pregnancy loss, obstetric complications, and placental invasion anomalies [4].
However, the diagnosis and treatment of Asherman Syndrome remain subjects of debate.

The incidence of Asherman Syndrome varies depending on the studied popullation, being 4.6%
among infertile women, 37.6% following abortions, and 40% after recurrent curettage. The primary
causes of IUA include trauma and infections affecting the basal layer of the endometrium. Risk factors
include procedures such as curettage, myomectomy, surgeries for Mullerian anomalies, uterine
embolization, B-lynch sutures, and conditions such as genital tuberculosis and schistosomiasis [5,7].

Diagnostic imaging techniques such as transvaginal and transabdominal ultrasonography,
sonohysterography, and hysterosalpingography are valuable tools for detecting adhesions [3,5].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Hysteroscopy is considered the gold standard for both diagnosing and treating IUA [8]. However, a
significant challenge remains in preventing re-adhesion formation post-surgery. Minimally invasive
approaches to prevent adhesions, such as using intrauterine devices, Foley catheters, and gel barriers,
have been explored [6,8-12]. The success rate of adhesiolysis for menstrual problems ranges from
52% to 88%, and live birth rates in infertile patients range from 25% to 35%. Re-adhesion rates for
severe adhesions are reported to be between 52% and 62%, indicating the need for additional
treatments post-surgery.

Trichloroacetic acid (TCA)-induced inflammation closely resembles the inflammation observed
in Asherman syndrome, making it a suitable experimental model for studying intrauterine adhesions.
Both conditions involve an initial acute inflammatory response that transitions into a chronic phase,
ultimately leading to fibrosis.

In TCA-induced inflammation, the tissue damage caused by the chemical agent triggers a
cascade of immune responses, beginning with polymorphonuclear leukocytes (PMNs) in the acute
phase and transitioning to macrophages in the chronic phase. This inflammatory progression mirrors
the pathways observed in Asherman syndrome. Similarly, in Asherman syndrome, retained products
of conception act as irritants, initiating an immune response characterized by macrophage activity
and fibroblast activation, which promotes fibrosis.

The shared outcome in both conditions is the development of fibrotic tissue within the uterus,
disrupting its normal function. Therefore, the inflammatory and fibrotic responses observed in TCA-
treated models provide a reliable framework for understanding the pathophysiology of Asherman
syndrome and evaluating potential therapeutic interventions.

Steroids are utilized to suppress the initial inflammatory response, reduce vascular permeability,
and inhibit fibroblast proliferation in response to tissue damage. They achieve this by inhibiting
chemotactic factors, cytokine production, and release [13]. Steroids can be administered
intravenously, orally, or intraperitoneally. Corticosteroids are effective at both early and late stages
of inflammation, targeting processes such as fibrin deposition, collagen formation, and fibroblast and
capillary proliferation [18]. By preventing fibrin and collagen buildup, steroids help reduce adhesion
formation [13-17]. However, the primary side effect of corticosteroid therapy aimed at preventing
adhesion formation is delayed wound healing due to immune suppression and inhibited fibroblast
proliferation [13,16,17]. Although studies have investigated the use of hyaluronic acid (HA) and
steroids to prevent intra-abdominal adhesions, no studies have directly compared the anti-adhesion
effects of these two agents when used together. This study aims to investigate and compare the
efficacy of hyaluronic acid and methylprednisolone in treating intrauterine adhesions in a rat model.

Hyaluronic acid is a linear polysaccharide made up of repeating units of sodium D-glucuronate
and N-acetyl-D-glucosamine, and plays a fundamental role in various body tissues and fluids,
offering physical support and protection. It not only functions as a mechanical barrier but also
promotes fibrin dissolution and mesothelial cell growth, while suppressing inflammatory responses
and aiding wound healing.. Recent studies have shown that intraperitoneal administration of
hyaluronic acid significantly reduces adhesions [19]. Despite its widespread use to prevent adhesion
formation after surgical adhesiolysis, the impact of hyaluronic acid gel on pregnancy rates remains
debated.

Research on Asherman Syndrome using experimental models is limited. Notably, there are no
studies in the literature that explore the combined use of methylprednisolone and hyaluronic acid for
treating this condition. Thus, this study aimed to evaluate the effects of methylprednisolone alone
and in combination with hyaluronic acid in an experimentally induced Asherman Syndrome in a rat
model.

2. Materials and Methods

In this study, the experimental induction of Asherman Syndrome (AS) and the subsequent
treatment protocols were conducted according to previously established standardized methods. The
surgical principles described by Jing et al. [20] and Hunter et al. [21] were followed for the creation
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of the AS model, while the trichloroacetic acid (TCA) application adhered to the protocol outlined by
Kilig et al. [22].

2.1. Animals and Ethical Approval

A total of 26 non-pregnant female Sprague-Dawley rats (200-250 g) were used. Ethical approval
was obtained from the Yeditepe University Animal Experiments Ethics Committee (HADYEK:
2022/01-2), and the study was conducted in accordance with international guidelines (Guide for the
Care and Use of Laboratory Animals).

2.2. Study Design and Estrous Cycle Assessment

All animals underwent a 1-week acclimatization period. During this time, vaginal cytology was
performed to determine the estrous cycle phase, ensuring that surgical and experimental
interventions were timed consistently across all animals.

2.3. Establishment of the Asherman Syndrome Model

The AS model was created following the principles reported by Jing et al. [20] and Hunter et al.
[21]. For anesthesia, 6 mg/kg Xylazine-HCI (Rompun®, Bayer, Istanbul) and 85 mg/kg Ketamine-HCl
(Keta-control®, Mefar Ilac, Istanbul) were administered intramuscularly. After shaving and
disinfecting the abdominal area, a 2 cm laparotomy incision was made. The right uterine horn was
gently clamped at the top and cervical levels. Following the Kili¢ et al. [22] protocol, 0.1 ml of TCA
(IL 33®, Istanbul Ilac Sanayi ve Ticaret AS, Istanbul) was injected into the right uterine horn with an
insulin syringe. A sponge was used to prevent acid leakage, and the abdomen was irrigated with
sterile saline before closure. The uterus was allowed to develop adhesions over 14 days. Initially, AS
formation was confirmed histologically in 2 rats, and subsequently, the same procedure was applied
to the remaining 24 rats (Figure 1)After a postoperative loss of 4 rats, 22 rats remained and were
randomly assigned to experimental groups.

" 2t B B WC

Figure 1. A: Normal left uterine horn (X100, Hematoxylin & Eosin staining), serving as a control for comparison
with pathological changes in the experimental groups. Figure 1.B: Asherman model in the right uterine horn
showing a decreased number of glands, reduced uterine wall thickness, and lumen diameter (X100, Hematoxylin
& Eosin staining). Figure 1.C: Asherman model in the right uterine horn demonstrating increased fibrosis (X100,
Mason Trichrome staining), highlighting the severity of fibrotic changes compared to untreated or treated

groups.

2.4. Groups and Treatment Protocols

¢ Group 1 (Control, n=2): AS model induced, no further treatment (Figure 1). This group was
conducted solely to confirm the induction of Asherman Syndrome using TCA, and in
subsequent groups, it was accepted that Asherman Syndrome was induced with TC.

e  Group 2 (Hyaluronic Acid, n=7): Fourteen days (approximately 3 estrous cycles) post-AS
induction, a second laparotomy was performed, and 0.01 ml of low molecular weight

hyaluronic acid was injected into the right uterine horn.


https://doi.org/10.20944/preprints202502.0215.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0215.v1

4 of 10

e  Group 3 (Methylprednisolone, n=6): Fourteen days post-AS induction, 1 mg/kg p.o.
methylprednisolone was administered daily for 2 weeks.

e Group 4 (Combined Treatment, n=7): Fourteen days post-AS induction, a second laparotomy
was performed for intrauterine injection of 0.01 ml hyaluronic acid, and 1 mg/kg p.o.
methylprednisolone was given daily for 2 weeks.

All procedures were performed under similar conditions and within the same timeframe to
maintain experimental parallelism and ensure that all animals were exposed to comparable
environmental, physiological, and hormonal conditions.

By referencing these established protocols [20-23] and clearly detailing the experimental steps,
the methodology is both standardized and transparent, increasing the study’s reproducibility,
reliability, and clarity for the readers.

2.5. Pathological Evaluation

Hematoxylin and eosin staining: The shape of the endometrial epithelium, gland structure and
number, uterine wall diameters, uterine cavity lumen, and inflammation level were evaluated with
semi-quantitative inflammation scoring using hematoxylin and eosin staining.

Masson's trichrome staining: The severity and extent of fibrosis in the uterus and the fibrosis
area ratio (fibrosis area / analyzed uterine area x100) were evaluated. Fibrosis areas were determined
as a percentage. Grade 0: no fibrosis; Grade 1: minimal fibrous tissue increase; Grade 2: irregular
fibrous tissue increase; Grade 3: concentric fibrosis, hyalinization was present.

Immunohistochemical staining was performed by ThermoScientific Immunostaining for anti-
VEGF (PB9071 Boster Bio). The degree of staining for VEGF was scored as positively stained
glandular or stromal cells in the selected area. Negative staining was defined as the absence of VEGF
signal in stromal or glandular cells (immunohistochemical [IHC] score: 0). Staining in <20% (IHC
score: 1). VEGEF staining in 20-60% (IHC score: 2). VEGF(+)in >60% (IHC score:3) [23].

2.6. Statistical Analysis

This study used SPSS 24.0 IBM statistical package program. The data was analyzed at 95%
confidence intervals. Descriptive statistics are given as mean, standard deviation, median, minimum,
and maximum values. We used Shapiro-Wilk's test for normality testing. Mann-Whitney U test and
the Kruskall Wallis test analyzed pairwise group comparisons that did not show a normal
distribution. The analysis used p<0.05 for statistical significance.

3. Results

Adhesion formation was confirmed histologically after trichloroacetic acid use (Figure 1). The
uterine wall thickness of the right uterine horn was significantly reduced in Group 1 (p:0.004), and
Group 2(p:0.035). Group 3 and Group 4 had similar uterine wall thickness in the right and left horns.
Table 1 shows the uterine wall thickness of the right and left horns.

Table 1. The comparison of uterine wall thickness of right and left uterine horns.

Uterine wall thickness (micrometer)

Mean+SD Median (Min-Max) p value

Group 1 892,5+668,2 892,5(420-1365)

Right 0.004

ngft 1879,5+311,8 1879,5(1659-2100)
Group 2 1041,4+560,4 980(430-1800)

Right 0.035

'8 1915,3+767 1870(1100-3100)

Left

Group 3 1715,9+775 1229(790-2000)

0.200
Right 1932,6+768,4 1987(680-4070)



https://doi.org/10.20944/preprints202502.0215.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0215.v1

5 of 10

Left

Group 4 1270,7:+455,4 1877(549-2875)
Right _
el 2154+1251,4 1975(970-3350) 0.655

Figure 2 The comparison of the lumen dimater in Group 1, Group 2, Group 3 and Group 4 X100
Hemotoxylene& Eosine)

Group 3 Group 4

Figure 2. The comparison of the lumen dimater in Group 1, Group 2, Group 3 and Group 4 X100 Hemotoxylene&

Eosine.

Table 2 shows the comparison of the right and left uterine cavity. Group 1 had a significantly
decreased lumen diameter in the right uterine horn compared to the left (p:0.04). The uterine lumen
diameters of the right and left horns were similar in Group 2, Group 3, and Group 4 (p>0.05).

Table 2. The comparison of right and left uterine cavity lumen diameter.

Uterine cavity lumen diameters (micrometer)

Mean+SD Median (Min-Max) p value
Group 1 198,5+16,3 198,5(187-210)
Right 0.004
e 810+381,8 810(540-1080)
Group 2 500,4:350,7 410(188-1210)
Right 0.064
'8 908,6+373,3 980(370-1490)
Left
Group 3 536,3+318,1 505(369-1080)
Right 601,4291,3 1015(436-1540) 0.055
Left
742 405(196-1
Group 4 567+260,9 05(196-1005) 0848

Right 1026,8+382,4 549(194-1054)
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Left
Group 1 (p:0.029) and Group 2 (p:0.039) had a decreased glandular count in the right horn
compared to the left. Group 3 and Group 4 had similar glandular counts in the right and left uterine
cavities (p:0.077 and 0.847 respectively). Table 3 shows the glandular counts of the right and left
uterine cavities.

Table 3. The comparison of uterine glandular counts in right and left uterine cavity.

Uterine Gland Counts

MeantSD Median (Min-Max) P
value
Group 1 7428 7(5-9)
Right 0.029
Left 12,5+5 12,5(9-16)
Group 2 6,3+2,2 6(3-9)
Right 0.039
Left 10,1+3,9 9(7-18)
Group 3 10,4+5,4 7,5(4-13)
Right 0.077
Left 10,7+4,4 11(7-16)
Group 4 7,8+3,1 10(4-19)
Right 0.849
Left 11,5+3,5 10(5-18)

The right uterine cavity of Group 1 and Group 2 had increased inflammation compared to the
left. Group 3 and Group 4 had similar inflammation levels in the right and left uterine cavity. Group
1 and Group 2 had significantly increased fibrosis in the right uterine cavity (p:0.007 and 0.024
respectively). Group 3 and Group 4 had similar fibrosis in the right and left uterine cavity. Table 4
demonstrates inflammation and fibrosis.

Table 4. The comparison of the inflammation levels between right and left uterine cavity.

Inflammation levels Fibrosis
Median (Min- P Median P
Mean+SD Mean+SD
eantS Max) value eantS (Min-Max) value
Group 1 2,5+0,7 2,5(2-3) 25:0,7  2,5(2-3)
Right . .007
' 1,5+0,7 1,5(1-2) 0050 5007 1502 00
Left
Group 2 1,6:0,8 1(1-3) 2,140,7 2(1-3)
Right 0.019 0.024
Lot 0,6£0,5 1(0-1) 1,120,7 1(0-2)
Group 3 0,7+0,8 0,5(0-2) 1,7+0,8 1,5(1-3)
Right 0.665 0.101
Lo 0,8+0,8 1(0-2) 0,8+0,8 1(0-2)
Group 4 1,3£0,8 1(0-2) 1,740,8 2(1-3)
Right 0.071 0.184
Llfft 0,6+0,5 1(0-2) 1,120,7 1(0-2)

Group 1 and Group 3 had significantly decreased VEGF staining in the right uterine cavity
(p:0.011). Group 2 and Group 4 had similar VEGF staining levels in the right and left uterine cavities.
Table 5 shows the immunohistochemical results of VEGF level.

Table 5. The comparison of the VEGF staining in right and left uterine cavity.

VEGEF Staining Intensity
Mean+SD Median (Min-Max) P
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Value
Groupl 1,5+0,7 1,5(1-2)
Right 0.011
Left 2,5+0,7 2,5(2-3)
Group 2 1,9+0,7 2(1-3)
Right 0.207
Left 1,4+0,8 1(1-3)
Group 3 1,3+0,5 1(1-2)
Right 0.041
Left 2,3+0,8 2,5(1-3)
Group 4 1,6+0,5 2(1-2)
Right 0.114
Left 2,1+0,7 2(1-3)

The groups with treated right uterine horns (Groups 2, 3, 4) were compared to the group with
only Asherman Syndrome induced (Group 1) regarding lumen diameter, uterine wall thickness,
gland count, inflammation (VEGF), and fibrosis (MT) levels using the Kruskal-Wallis test. According
to the test results, a statistically significant difference was observed in inflammation levels and lumen
diameter between the treated groups and the untreated group with induced Asherman Syndrome (p
<0.05).

Post-hoc analyses following the Kruskal-Wallis test indicated that this significant difference was
associated with the hyaluronic acid treatment. Hyaluronic acid treatment resulted in a significant
difference in increased lumen diameterand reduced inflammation levels in Asherman Syndrome.
These findings suggest that hyaluronic acid has beneficial effects in the treatment of Asherman
Syndrome, particularly in preserving uterine lumen diameter and reducing inflammation.

Table 6. Comparison of Right Uterine Horns Between Group 1 (Asherman Induced) and Groups 2, 3, 4.

Uterine cavity lumen Uterine wall Uterine Gland Inflammation VEGEF Staining

Fi .
diameters thickness Counts levels Intensity Pl b::l)lsllj
P value P value P value P value P value M
Right 0.010 0.107 0.321 0.009 0.483 0.162
horn

4. Discussion

This study investigated the role of intrauterine hyaluronic acid and oral steroid usage in the
treatment of Asherman Syndrome in an experimental rat model. Hyaluronic acid treatment
facilitated uterine cavity expansion, while combined hyaluronic acid and steroid treatment resulted
in increased uterine cavity expansion and VEGF levels, along with a significant reduction in fibrosis
and inflammation. The results of this study indicated that both methylprednisolone and hyaluronic
acid treatments significantly improved uterine healing in a rat model of Asherman Syndrome.

Corticosteroids are used in the treatment of many inflammatory and immune dysfunction
diseases due to their significant anti-inflammatory and immunosuppressive effects. It modulates
immune function through a variety of effects in the nuclei of numerous cells.

Steroids are used in many entities such as reducing keloid scars, idiopathic pulmonary fibrosis,
and preventing fibrosis in autoimmune hepatitis. However, it is not used in gynecology, especially
to prevent intrauterine adhesion formation. This study investigated the effects of methylprednisolone
use on the uterine cavity with Asherman syndrome.Methylprednisolone treatment alone increased
uterine wall thickness, lumen diameter, gland count, and VEGF levels while reducing fibrosis and
inflammation scores. Hyaluronic acid treatment primarily increased lumen diameter and VEGF
levels.

Asherman Syndrome presents with a wide spectrum of clinical presentations such as menstrual
irregularities, oligo-hypomenorrhea, infertility, or recurrent pregnancy losses, making it a
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challenging condition for clinicians to treat. There is still no consensus on the optimal method to
prevent Asherman Syndrome after intrauterine surgeries. Currently, there are many alternative
approaches for the treatment of Asherman Syndrome. A commonly used method has been dilation
and curettage. However, this blind procedure has a low treatment success rate and increases the risk
of uterine perforation [24]. Today, hysteroscopy has replaced this methods. Hysteroscopy not only
confirms the diagnosis of intrauterine adhesions but also provides a means of treatment. However,
complications such as recurrent adhesion formation, uterine perforation, hemorrhage, and infection
can occur during hysteroscopy [24,25]. The increasing rates of cesarean sections and intrauterine
surgeries have made Asherman Syndrome an incirising problem, necessitating the search for new
treatments.

In a study by Kilic et al., an experimental Asherman model was created in 2 rats by injecting
trichloroacetic acid into the uterine horns. Intrauterine adhesions were observed 2 weeks later using
light microscopy [22]. Similarly, we used trichloroacetic acid to induce Asherman Syndrome and
histopathologically confirmed it as an effective method.

In a double-blind randomized clinical trial by Tafti et al., 65 women who underwent uterine
septum resection were divided into 2 groups. One group received 1 cc of hyaluronic acid gel
immediately after the septal resection, while the control group received 1 cc of normal saline solution
as a placebo injected into the uterine cavity. Two months later, the presence of intrauterine adhesions
was examined by hysteroscopy in both groups. The study found that hyaluronic acid treatment
significantly reduced the risk of developing Asherman Syndrome in women with endometrial
damage after septal resection surgery [26]. Alponat et al. used physical barriers such as hyaluronic
acid to prevent almost inevitable adhesion formation after incisional hernia repair with prosthetic
mesh. These barriers were reported to reduce intra-abdominal adhesions [27]. Human studies with
hyaluronic acid have shown that intrauterine hyaluronic acid administered postoperatively reduces
adhesions and has a positive effect on the endometrium [27].

Corticosteroids inhibit cytokine formation and release, reducing fibroblast proliferation and
thereby preventing fibrosis formation [9]. Additionally, steroids inhibit early stages of inflammation
and collagen deposition, providing anti-inflammatory effects. We hypothesized that by
administering steroid therapy, we could prevent adhesion formation by reducing inflammation and
fibrosis formation. In our study, significant reductions in fibrosis and inflammation were observed in
the steroid-treated group.

A study by Zheng et al. demonstrated that hyaluronic acid gels can significantly reduce the
incidence of intrauterine adhesions after intrauterine surgery. The study also demonstrated that
hyaluronic acid gels significantly improved pregnancy rates following intrauterine surgery.
However, the small sample sizes and short follow-up periods of the study may have influenced the
overall analysis. Therefore, longer follow-up periods and larger sample sizes are necessary to fully
evaluate the efficacy of hyaluronic acid gels in preventing adhesions following intrauterine surgery
[28]. In this study, the effects of hyaluronic acid (HA) on fibrosis were investigated. Our findings
indicated that the application of HA alone does not significantly reduce fibrosis. However, when HA
is combined with steroids, a significant reduction in fibrosis was observed. In the literature, the role
of HA in fibrosis development remains controversial. Some studies suggest that high molecular
weight forms of HA possess anti-inflammatory and anti-fibrotic properties, while others propose that
HA may exhibit pro-fibrotic effects. These conflicting results indicate that the effects of HA on fibrosis
are complex and context-dependent. Our findings suggest that HA alone is insufficient to reduce
fibrosis, but when used in combination with steroids, it can produce a synergistic effect. This
highlights the potential role of HA in fibrosis management when combined with anti-inflammatory
therapies.

Regarding the limitations of our experimental model, the first and most important limitation is
that animal experiments may not directly translate to humans. A second important limitation is the
duration of the experiment. Although the 15-day treatment period corresponds to a 3-4 month cycle
in humans considering the estrous cycle of rats is 4-5 days, the long-term effects on the endometrium
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cannot be definitively stated. Another significant limitation is the relatively small number of rats.
Despite the median values of all parameters being parallel, the statistical significance could not be
achieved in some parameters due to the small number of rats in the various groups.

5. Conclusion

Hyaluronic acid treatment is one of the prominent therapeutic methods today. The most
important result obtained from our study model was that the combined treatment of hyaluronic acid
and steroids statistically significantly improved the histopathological findings of Asherman
Syndrome. These findings suggest that the combined treatment of hyaluronic acid and steroids may
hold promise for clinical use in Asherman Syndrome. There is a need for future clinical studies on
this topic. New therapeutic approaches that prevent fibrosis resulting from IUA and causing
infertility could be promising in treating Asherman-induced infertility.
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