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Abstract 

 

Background/Aim: Uterine healing post-obstetric surgery is crucial for maintaining fertility. This study 

investigates if fasudil has a therapeutic impact on scars formed by a full-thickness incision in a rat’s uterus. 

Methods: We divided 21 female Wistar Albino rats randomly into three groups: control, scar, and treatment. 

The control group underwent no surgical procedure. We created a uterine scar model in the scar and 

treatment groups. For 30 days, the treatment group was intraperitoneally administered a single dose of 20 

mg/kg/day fasudil dissolved in saline, while the control and scar groups were given saline. After these 30 

days, all rats were sacrificed. We removed the right and left uterine horns from all groups. The left side was 

set aside for histological analysis, while the right side was used for ELISA analysis (alpha-SMA and TGF-

beta). 

Results: The treatment group exhibited an increased uterine wall thickness compared to the scar group 

(P=0.03), although there was no discernible difference when compared with the control group. Both 

inflammation and fibrosis were notably higher in the scar group (P=0.01) but absent in both the treatment 

and control groups. The ELISA results, measuring alpha-SMA and TGF-beta, showed no statistically 

significant difference between the groups (P=0.321, P=0.375). 

Conclusion: Fasudil effectively reduced inflammation and fibrosis in our experimental rat model, hence 

preventing scar formation. We believe our study adds significant value to the existing literature by 

potentially expediting tissue regeneration. 

 

Keywords: uterine scar, fasudil, wound healing, alpha-SMA, TGF-beta 
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Introduction 

Cesarean section is the most commonly performed 

obstetric surgery worldwide. It involves a full-thickness incision 

on the uterine wall, which is sutured by a specialist physician at 

the end of the delivery, leaving the primary wound to heal. Scar 

defects can develop if the cesarean-section wound does not heal 

properly, leading to gynecological issues such as abnormal uterine 

bleeding, postmenstrual spotting, painful menstrual periods, 

painful sexual intercourse, chronic pelvic pain, and secondary 

infertility. These complications can significantly affect the 

patient’s quality of life [1-3]. Therefore, preventing the 

development of uterine scars can help avoid these many 

complications. 

Fasudil, a potent and selective ROCK inhibitor, has been 

shown to suppress fibrosis in various diseases [4]. An in vitro 

study evaluated its effects on human urethral scar tissues, 

including changes to the cytoskeleton, collagen synthesis, and 

apoptosis of urethral fibroblasts. It demonstrated that fasudil could 

inhibit actin polymerization and collagen synthesis via the 

RhoA/ROCK pathway and induce apoptosis in scar fibroblasts 

[5]. In the treatment of cardiovascular diseases like cerebral and 

coronary vasospasm, angina, and hypertension, fasudil usage by 

patients did not result in serious side effects [6,7]. 

The RhoA/ROCK signaling pathway is linked to the 

expression of α-smooth muscle actin (α-SMA), which aids in the 

transformation of fibroblasts into myofibroblasts, facilitating 

wound healing and scar formation [8]. This expression of α-SMA 

signifies the activation of the RhoA/ROCK signaling pathway in 

fibroblasts [9]. α-SMA serves as a tool to differentiate 

myofibroblasts from fibroblasts, marking it as the go-to indicator 

for recognizing myofibroblasts. Myofibroblasts, present in both 

the development and modification phases of tissue damage, play 

a crucial role in generating extracellular matrix, including 

collagen [10]. They exist in all fibrotic diseases, such as 

scleroderma, as well as in liver, kidney, and lung fibrosis [11,12]. 

TGF-β stimulates myofibroblasts to overproduce extracellular 

matrix (ECM), leading to scar formation [13,14]. A separate study 

highlighted the role of RhoA in hypertrophic scar and keloid 

formation [15]. Furthermore, the RhoA/ROCK pathway is a key 

regulator in the contraction of smooth muscles within the 

myometrial layer of the uterus. This pathway operates through a 

distinct intermediary step in smooth muscle cells, enhancing 

myosin light chain (MLC) phosphorylation, thus triggering 

uterine contractions [16]. 

Existing literature indicates that the RhoA/ROCK 

pathway contributes to scar formation, including in the uterus. 

This led us to hypothesize that the RhoA/ROCK pathway could 

be involved in uterine scarring. We conducted a study to examine 

this concept, specifically investigating the impact of the ROCK 

inhibitor fasudil on scars produced by full-thickness incisions in 

rat uteruses. 

Materials and methods 

The Dokuz Eylül University Local Ethics Committee 

approved the experimental procedure (Protocol No. 34/2019). The 

study was conducted in the university’s Experimental Animals 

Laboratory in March 2020. 

The study involved 21 Wistar Albino female rats 

weighing between 180 and 220 g. Throughout the experiment, the 

rats were kept under normal environmental conditions and 

maintained a regular diet (21±2ºC, unlimited water and food). 

These rats (n=21) were randomly divided into three groups: Group 

1, the control group (n=7), underwent no surgical procedures; 

Group 2 (n=7) received a uterine scar model; and Group 3 (n=7) 

received both a uterine scar model and a fasudil application. 

Making uterine scar model with hysterotomy in rats 

After administering 10 mg/kg xylazine hydrochloride 

and 70 mg/kg ketamine hydrochloride intramuscularly for 

anesthesia, the rats were placed in a dorsal horizontal position. The 

area set for the operation was cleaned with povidone-iodine. A 

transverse laparotomy incision of 2.5–3 cm was then made. We 

also made, on both horns of the uterus, a 1 cm vertical incision 

reaching up to the endometrial cavity [17,18]. This incision area 

was then sutured with 4.0 rapid vickryll, and the abdominal 

incision was also closed with the same material. 

After 1 month, the same anesthesia and laparotomy 

method were performed through the same incision to surgically 

remove both horns. After removal, the left side was submerged in 

a 10% neutral formalin solution for histopathological assessment. 

After 3–5 days of fixation, it was embedded in paraffin blocks. 

The right side was preserved in dry ice for ELISA analysis. 

Subsequently, the rats were euthanized using high-dose anesthesia 

[17]. 

Following the hysterotomy, the rats were then treated 

with 80000 units/100mg of penicillin, administered 

intramuscularly for three consecutive days post-procedure [17]. 

Fasudil application 

Fasudil (Santa Cruz, catalog number: sc-203418D), an 

anti-cicatrizant/anti-fibrotic agent, was dissolved in saline and 

administered as a single dose of 20 mg/kg/day intraperitoneally 

for 30 days [4]. The control and scar groups received saline during 

the experiment. 

Histological and biochemical examination 

The histological assessment was conducted using 

Hematoxylin-Eosin and Masson Trichrome stains. As previously 

described [19], the thickness of the uterine wall, as well as any 

inflammation and fibrosis, were evaluated microscopically. In the 

biochemical evaluation, levels of TGF-beta1 and alpha-SMA 

were determined. Adhering to the manufacturer’s instructions, the 

levels of TGF-beta1 and alpha-SMA (catalog numbers E1688Ra 

and E2330Ra by BTLAB) were analyzed by ELISA. 

Statistical analysis 

We performed a statistical analysis of the study data 

using the Statistical Package for Social Sciences (SPSS) 26.0 

software. We calculated the mean and standard deviation of the 

data for the analysis. To determine the origin of the differences 

between the groups, we used the Kruskal Wallis and Mann-

Whitney U tests. 

Results 

Histological Findings 

We assessed whether fasudil treatment protected against 

scar formation by examining uterine healing post-injury. This was 

conducted using Hematoxylin-Eosin staining to identify general  
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morphological features in uterine histology. Masson Trichrome 

staining was used to assess the structure of the connective tissue 

and the degree of collagenization. 

In the control group, the endometrium, myometrium, and 

perimetrium layers were identified as healthy. However, in the 

scar group, the perimetrium layer was thin, with noticeable 

increases in inflammation and fibrosis. Microscopic observation 

revealed fibrosis, augmented connective tissue, and angiogenesis. 

We saw inflammation characterized by PMNL cell presence, 

edema, and congestion. 

Interestingly, the treatment group displayed histological 

findings similar to those of the control group (Figure 1). In the scar 

group, a reduction was observed in the thickness of the uterine 

wall. Contrastingly, a significant increase in wall thickness was 

noted in both the control and treatment groups (Table 1). 

Biochemical Findings 

Table 1 shows the levels of alpha-SMA and TGF-beta as 

determined by ELISA; the results are presented as mean (standard 

deviation). The alpha-SMA levels were 32.7 (5.6) ng/mL in the 

control group, 29.8 (3.8) ng/mL in the scar group, and 28.9 (4.2) 

ng/mL in the treatment group. There was no significant difference 

between the groups (P=0.375). Similarly, the levels of TGF-beta 

were 684.1 (180.1) ng/L in the control group, 597.4 (103.3) ng/L 

in the scar group, and 908.8 (222.3) ng/L in the treatment group. 

The difference between these groups was not statistically 

significant (P=0.321). 
 

Table 1: Morphometric parameters and ELISA results (alpha-SMA and TGF-beta) 
  

Control 

group 

mean (SD) 

Scar 

group 

mean (SD) 

Treatment 

group 

mean (SD) 

P-value 

 

Uterine wall 

thickness (μm) 

620.28 (45.56) 425.71 (55.76)* 596 (25.25) 0.01* 

Inflammation 0.42 (0.34) 1.85 (0.69)* 0.42 (0.53) 0.03* 

Fibrosis 0.14 (0.37) 2.42 (0.53)* 0.8 (0.69) <0.001* 

Alpha-SMA 

(ng/mL) 

32.7 (5.6) 29.8 (3.8) 28.9 (4.2) 0.375 

TGF-beta 

(ng/L) 

684.1 (180.1) 597.4 (103.3) 908.8 (222.3) 0.321 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

Discussion 

Over 50% of women with a history of cesarean section 

exhibit a uterine scar defect. This defect contributes to heightened 

maternal morbidity and longer hospital stays. The links between 

uterine scar defects, gynecological symptoms, obstetric 

complications, and possible subfertility makes it crucial to 

understand why scars form post-cesarean section and develop 

prevention strategies. Therefore, our study investigates whether 

fasudil has a therapeutic role in a scar model created by 

performing a full-thickness incision on a rat’s uterus. 

Previous studies on uterine scars have demonstrated the 

potential benefits of various antioxidants [17,20]. For example, 

Sayin et al. [20] developed a rat model of uterine scarring to assess 

the therapeutic effect of resveratrol. After 30 days of 

administering resveratrol, they observed a successful treatment 

outcome, as evidenced by increased uterine wall thickness and 

higher levels of VEGF, GPx, and SOD. 

In a separate study, Mıcılı et al. [17] explored the effect 

of lipoic acid on uterine scarring, comparing results from 15 and 

30-day treatments. They noted that the histological findings from 

the 30-day treatment group mirrored those of the control group, 

suggesting that lipoic acid could effectively treat uterine scars. 

In our study, we similarly assessed the histological and 

biochemical effects of fasudil on uterine scar healing. Based on 

our findings, which included increased uterine wall thickness and 

reduced inflammation and fibrosis relative to the scar group, we 

propose that fasudil may be an effective treatment for uterine 

scars. 

Previous studies have demonstrated the anti-scarring 

effects of fasudil on various organs [4,5]. Li et al. [5] evidenced 

the therapeutic impact of fasudil on human urethral scar tissue in 

vitro. Similarly, Qi et al. [4] presented findings suggesting fasudil 

effectively reduces inflammation and fibrosis in the treatment of 

hyperoxia-induced pulmonary fibrosis in neonatal rats. 

Histological evaluations often highlight inflammation and 

Figure 1: Photomicrographs of the uterus tissue. Fibrosis (**), inflammation (*). Black arrows show thinning perimetrium. A, D: Control group, B, E: Scar group, C, F: Treatment group, 

Scale bar: 100 μm. A, B, C: Hematoxylin and Eosin Stain, D, E, F: Masson Trichrome stain. 
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increased fibrosis as indicators of scar development, which, if left 

unchecked, can lead to long-term complications in the uterus. 

Consequently, successful anti-scarring therapy is critical. In this 

study, we explored the influence of fasudil on the healing of 

uterine scar tissue and discovered that it exhibits therapeutic 

potential, aligning with earlier findings. 

Upon reviewing the literature on studies examining the 

effects of fasudil, we found that it is most commonly administered 

intraperitoneally. Subcutaneous application was favored only in 

wound models created on the skin [21]. In all studies probing the 

therapeutic impact on internal organs like the heart, kidney, and 

lungs, fasudil was dispensed once daily and intraperitoneally 

[4,22,23]. Therefore, in our study, we opted to administer fasudil 

once daily and intraperitoneally. 

The literature reveals that the function of the 

RhoA/ROCK pathway has been assessed using fasudil. This 

pathway’s role in regulating glomerular adhesion and 

inflammation in diabetic nephropathy has been established 

through contrasting groups administered with and without fasudil 

[16,24]. The choice to use fasudil in our research was to 

investigate this pathway’s effect on uterine scar tissue. Our results 

aligned with previous studies, suggesting the RhoA/ROCK 

pathway might influence uterine scar tissue. For our subsequent 

study, we plan to include molecular-level analysis to enhance our 

findings. 

Limitations 

We could not observe the initial effects because of the 

extended experimental duration. For our next study, we are 

planning to examine both short and long-term effects, allowing us 

to monitor immediate processes. Augmenting the study with 

groups having both short and long experimental durations, a larger 

sample size, and varied doses will enhance our research. 

Furthermore, we could measure antioxidant parameters 

biochemically in the tissue. Evaluations of RhoA/ROCK molecule 

expressions could indicate the pathway’s presence. 

Conclusion 

Consequently, we believe that fasudil positively assists 

the uterine wound healing process. Further studies could 

potentially enable its adaptation for clinical use. 
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