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Abstract 
Fecal incontinence may arise following anal sphincter injury, yet currently available 

treatments have limited capacity to restore sphincter integrity. The secretome derived 

from hypoxia-conditioned mesenchymal stem cells (MSCs) represents a potential cell-free 

regenerative therapy because of its putative immunomodulatory and tissue-remodeling 

properties. The aim of this study was to investigate the effects of hypoxia-conditioned 

human umbilical cord MSC secretome on inflammation, fibrosis, collagen deposition, and 

hypoxia-inducible factor-1 alpha gene (HIF-1A) expression following sphincterotomy. 

Male Sprague–Dawley rats were randomly assigned to receive either hypoxia-conditioned 

MSC secretome or 0.9% NaCl after surgical sphincterotomy. Histopathological 

evaluations using hematoxylin and eosin and Masson’s trichrome staining were conducted 

at 24 hours and 42 days, and HIF-1A was assessed using quantitative real-time polymerase 

chain reaction (qRT-PCR). At day 42, inflammation scores were numerically lower in the 

secretome group than in the control group, although the between-group difference was 

not statistically significant (0.00±0.00 vs 0.25±0.25; p=0.317). Fibrosis scores showed a 

similar numerical pattern without a significant difference (3.25±0.25 vs 3.50±0.29; 

p=0.495). Conversely, the secretome group exhibited numerically greater collagen area 

(79.93±11.11×10⁴ µm² vs 59.25±7.44×10⁴ µm²; p=0.149) and percentage collagen area 

(68.81±4.48% vs 56.07±3.29%; p=0.083), but neither difference reached statistical 

significance. HIF-1A expression was also numerically higher in the secretome group at day 

42, without a statistically significant between-group difference (27.47±0.38 vs 

26.44±0.54; p=0.149). Although the secretome group exhibited numerically lower 

inflammation and fibrosis scores and greater collagen deposition and HIF-1A expression, 

these differences were not statistically significant. Further adequately powered studies 

incorporating functional, histological, and molecular endpoints are required to clarify the 

regenerative potential of hypoxia-conditioned MSC secretome in anal sphincter injury. 

Keywords: Sphincterotomy, mesenchymal stem cell, secretome, inflammation, gene 

expression 

Introduction 

Fecal incontinence may result from structural or functional impairment of the anal canal and 

sphincter complex. Injury to the dentate line can impair anorectal sensation and the ability to 

mailto:millanoleecarlo@gmail.com
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discriminate stool consistency and rectal distension, whereas damage to the internal or external 

anal sphincter can compromise continence mechanisms [1-4]. Such injuries may occur following 

iatrogenic resection, an excessively distal pull-through procedure, overstretching of the sphincter 

complex, myomectomy, or sphincterotomy [1-4]. Consequently, postoperative fecal incontinence 

may arise from the combined effects of impaired anorectal sensation, inadequate sphincter 

control, and abnormal colonic motility, resulting in persistent soiling and impaired continence 

[1-4]. 

Fecal incontinence is an important complication in children with Hirschsprung disease and 

anorectal malformations, particularly following reconstructive surgery [4-9]. Reported rates vary 

considerably across populations and clinical settings, ranging from approximately 22% to 73% in 

studies from Europe and North America [5-8]. Lower rates, ranging from approximately 2% to 

7.8%, have generally been reported in Asian populations [4,9]. In children with anorectal 

malformations, fecal incontinence may also occur following posterior sagittal anorectoplasty 

(PSARP), emphasizing the importance of preserving and restoring sphincter integrity after 

surgical injury [4]. 

Current management strategies for fecal incontinence include enemas, neuromodulation, 

biofeedback, and surgical revision [10-12]. However, these approaches do not consistently restore 

sphincter integrity or achieve satisfactory continence, creating a need for therapeutic strategies 

that directly promote tissue repair. Mesenchymal stem cell (MSC)-derived secretome has 

emerged as a potential cell-free regenerative approach because it contains soluble bioactive 

mediators capable of regulating inflammation and promoting tissue repair [13]. The paracrine 

components of MSC secretome may modulate inflammatory responses and contribute to wound 

healing and extracellular matrix remodeling [13-16]. These components include transforming 

growth factor-beta 1 (TGF-β1), interleukin (IL)-10, IL-18, IL-12-binding protein, IL-12p70, IL-

17E, IL-27, ciliary neurotrophic factor, neurotrophin-3, and IL-1 receptor antagonist, which 

participate in the regulation of inflammatory and regenerative pathways [14-16]. 

The biological activity of MSC secretome may be further influenced by the conditions under 

which MSCs are cultured. Hypoxic preconditioning has been proposed as a strategy to enhance 

the regenerative properties of MSC secretome by inducing adaptive cellular responses and 

increasing the release of bioactive mediators involved in angiogenesis, fibroblast activity, and 

wound healing [20-23]. In particular, hypoxia-induced stabilization of hypoxia-inducible factor-

1 alpha (HIF-1α) may enhance signaling pathways involving vascular endothelial growth factor 

(VEGF), TGF-β1, basic fibroblast growth factor (bFGF), and other mediators involved in 

extracellular matrix remodeling and tissue repair [20-23]. Despite these potential regenerative 

effects, the influence of hypoxia-conditioned MSC secretome on inflammation, fibrosis, and 

collagen remodeling following anal sphincter injury remains poorly characterized. Therefore, the 

aim of this study was to investigate the effects of hypoxia-conditioned MSC secretome on 

inflammation, fibrosis, collagen deposition, and HIF-1α gene (HIF-1A) expression in a rat model 

of sphincterotomy-induced fecal incontinence. 

Methods 

Study design and experimental animals 

This experimental study included 20 male Sprague-Dawley rats aged 12–16 weeks. Animals were 

obtained from a single breeding colony and randomly allocated in a 1:1 ratio to either the hypoxia-

conditioned MSC secretome group or the 0.9% NaCl control group (n=10 per group). Animals 

were considered eligible when they were clinically healthy, with normal behavior and activity. 

Exclusion criteria included clinical evidence of illness, such as lethargy, poor coat condition, 

diarrhea, or bite wounds; a reduction in body weight of >10% during acclimatization; or death 

before initiation of the intervention. Before experimental procedures, all animals underwent a 

two-week acclimatization period under controlled laboratory conditions at Bogor Agricultural 

Institute, West Java, Indonesia. 
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Establishment of the sphincterotomy model 

Before surgery, anesthesia was administered using intramuscular ketamine in combination with 

intraperitoneal xylazine hydrochloride at a dose of 0.15 mL/kg. Under microscopic guidance, a 

standardized anal sphincter injury involving approximately 25% of the sphincter complex was 

created. The internal and external anal sphincter muscles were separated, followed by 

standardized incisions at the 10 and 2 o’clock positions to achieve a consistent degree of sphincter 

injury across experimental animals. 

Postoperative care and experimental endpoints 

Following sphincterotomy, animals were monitored daily for clinical signs of pain and distress. 

Postoperative analgesia consisted of subcutaneous tramadol at 5 mg/kg body weight once daily 

for a minimum of three days. Oral paracetamol at 10 mg/kg body weight was administered twice 

daily when additional analgesia was required. 

Experimental assessments were performed at 24 hours and 42 days after treatment. At the 

designated endpoints, animals were deeply anesthetized and euthanized by intracardiac 

administration of sodium pentobarbital at 200 mg/kg body weight in accordance with the 

approved animal welfare protocol. Following euthanasia, the abdomen was opened through a 

midline incision, and the distal large intestine extending to the anus was carefully dissected and 

harvested. The collected tissue was subsequently divided into two portions: one portion was fixed 

in paraformaldehyde for histological evaluation using hematoxylin–eosin and Masson’s 

trichrome staining, whereas the remaining portion was immediately frozen and stored for 

subsequent analysis of HIF-1A gene expression. 

Preparation of hypoxia-conditioned hUCMSC secretome 

The secretome was prepared from human umbilical cord-derived MSCs (hUCMSCs). Umbilical 

cord tissue was collected and transported under sterile, cold conditions and subsequently washed 

to remove residual contaminants. The tissue was enzymatically digested using collagenase, after 

which the resulting cell suspension was sequentially filtered and centrifuged. Isolated cells were 

expanded in culture flasks with regular replacement of the culture medium. 

Cells were maintained in T175 culture flasks for a maximum of six passages. Once 70–80% 

confluence was reached, the culture medium was replaced with baseline medium, and the cells 

were maintained under hypoxic conditions at 5% O₂ and 37°C for 72 hours. The resulting 

conditioned medium was collected and stored at −80°C until use. Characterization of the 

hypoxia-conditioned secretome showed pro-collagen and bFGF concentrations of 655,100.00 

pg/mL and 34.64 pg/mL, respectively. 

Administration of hypoxia-conditioned secretome 

Immediately after establishment of the sphincterotomy model, animals assigned to the treatment 

group received a single 0.3-mL dose of hypoxia-conditioned MSC secretome by local 

intramuscular injection into the injured anal sphincter. The total volume was divided equally 

among three injection sites located at the 12, 4, and 8 o’clock positions, with 0.1 mL administered 

at each site. Animals assigned to the control group received 0.9% NaCl. 

Histological assessments (inflammation and fibrosis) 

Anal sphincter tissue specimens were fixed in 10% neutral-buffered formalin for 24 hours, 

subjected to routine tissue processing, embedded in paraffin, and sectioned using a microtome. 

Tissue sections were stained with hematoxylin and eosin (H&E) for evaluation of inflammatory 

cell infiltration and tissue architecture. Masson’s trichrome staining was used to assess fibrosis 

and collagen deposition. 

Inflammation and fibrosis were evaluated according to the Textor criteria [19]. Tissue 

involvement of <25% was assigned a score of 1, involvement of 25–50% a score of 2, involvement 

of 50–75% a score of 3, and involvement of >75% a score of 4. Four representative microscopic 

fields were evaluated for each specimen, and the mean score across these fields was used for 

statistical analysis. 
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Quantification of collagen deposition 

Collagen deposition in Masson’s trichrome-stained sections was quantitatively assessed using 

ImageJ (National Institutes of Health, Bethesda, USA). Two quantitative outcomes were 

evaluated: absolute collagen area, expressed in µm², and the percentage of the evaluated tissue 

area occupied by collagen. 

Quantitative real-time polymerase chain reaction 

HIF-1A mRNA expression was assessed using quantitative real-time polymerase chain reaction 

(qRT-PCR). Messenger RNA was isolated from tissue samples using the Direct-zol™ RNA Kit 

(Zymo Research, Irvine, CA, USA), and RNA integrity was evaluated by electrophoresis. 

Complementary DNA (cDNA) was subsequently synthesized using the cDNA Synthesis System 

(Bioline, London, UK), according to the manufacturer’s instructions. qRT-PCR was performed 

using SsoFast™ EvaGreenTM Supermix (Bio-Rad, Hercules, CA, USA) on a CFX Opus Real-Time 

PCR System (Bio-Rad, Hercules, CA, USA). β-actin gene (ACTB) was used as the internal 

reference gene. The amplification protocol consisted of an initial preincubation at 50°C for 2 

minutes and enzyme activation at 95°C for 10 minutes, followed by 40 amplification cycles 

comprising denaturation at 94°C for 10 seconds, annealing at 55°C for 20 seconds, and extension 

at 72°C for 20 seconds. Relative gene expression was determined using the comparative threshold 

cycle (Ct) method. The primer sequences were as follows: HIF-1A forward, 5′-

TGCTCATCAGTTGCCACTTC-3′ and reverse, 5′-TGGGCCATTCTGTGTGTAA-3′ [17]; and ACTB 

forward, 5′-CCTGTGCTGCTCACCGAGGC-3′ and reverse, 5′-GACCCCGTCTCTCCGGAGTCC-

ATC-3′ [18]. 

Statistical analysis 

Continuous variables were summarized as mean ± standard error (SE) together with 95% 

confidence intervals (CIs). Between-group differences in inflammation score, fibrosis score, HIF-

1A expression, collagen area, and percentage collagen area were evaluated separately at 24 hours 

and 42 days using the Mann–Whitney U test. Statistical analyses were conducted using the 

Statistical Package for the Social Sciences (SPSS) (IBM, New York, USA). 

Results 

Experimental flow and final study population 

Twenty rats entered the experiment following the two-week acclimatization period and were 

initially allocated equally to the hypoxia-conditioned mesenchymal stem cell (MSC) secretome 

and 0.9% NaCl control groups. Two animals died during the experimental period, including one 

during surgery and one on the first postoperative day. Consequently, 18 animals completed the 

study, with nine animals remaining in each group at day 42. 

Inflammatory response following sphincterotomy 

Inflammation scores decreased over the observation period in both groups (Table 1; Figure 1). 

At 24 hours, the mean inflammation score was numerically lower in the hypoxia-conditioned 

MSC secretome group than in the control group (2.40±0.24 vs 2.50±0.24), although the between-

group difference was not statistically significant (p=0.549). At day 42, no detectable 

inflammation was reported in the secretome-treated group whereas the control group had a mean 

inflammation score of 0.25±0.25 (p=0.317). 

Table 1. Comparison of histological inflammation scores at 24 hours and 42 days after 
sphincterotomy between rats treated with 0.9% NaCl and hypoxia-conditioned mesenchymal 
stem cell (MSC) secretome 

Time Study group p-value 
Saline control group  Hypoxia-conditioned MSC 

secretome group 
Mean±SE (95%CI) Mean±SE (95%CI) 

24 hours post-treatment  2.50±0.24 (1.91–3.28) 2.40±0.24 (1.72–3.08) 0.549 
42 days post-treatment 0.25±0.25 (-0.55–1.05) 0.00±0.00 0.317 
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Figure 1. Inflammatory changes in anal sphincter tissue following sphincterotomy and treatment 
with hypoxia-conditioned mesenchymal stem cell (MSC) secretome. 
 

Fibrotic response following sphincterotomy 

Fibrosis scores increased between 24 hours and day 42 in both experimental groups (Table 2; 

Figure 2). At 24 hours, the mean fibrosis score was 1.60±0.24 in the hypoxia-conditioned MSC 

secretome group and 1.40±0.24 in the control group (p=0.549). At day 42, the mean fibrosis score 

was numerically lower in the secretome-treated group than in the control group (3.25±0.25 vs 

3.50±0.29), although this difference did not reach statistical significance (p=0.495). 

Table 2. Comparison of fibrosis scores at 24 hours and 42 days after sphincterotomy between rats 
treated with 0.9% NaCl and hypoxia-conditioned mesenchymal stem cell (MSC) secretome 

Time Study group p-value 
Saline control group Hypoxia-conditioned MSC 

secretome group 
Mean±SE (95%CI) Mean±SE (95%CI) 

24 hours post-treatment  1.40±0.24 (0.72–2.08) 1.60±0.24 (0.92–2.28) 0.549 
42 days post-treatment 3.50±0.29 (2.58–4.42) 3.25±0.25 (2.45–4.05) 0.495 

 

 

 

 

 

 

   

  

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 

Figure 2. Fibrotic changes in anal sphincter tissue following sphincterotomy and treatment with 
hypoxia-conditioned mesenchymal stem cell (MSC) secretome. 
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Collagen deposition 

Quantitative assessment of Masson’s trichrome-stained sections showed temporal changes in 

collagen deposition in both groups (Table 3; Figure 3). At 24 hours, the mean collagen area was 

38.03±5.65×10⁴ µm² in the hypoxia-conditioned MSC secretome group and 40.58±6.58×10⁴ 

µm² in the control group (p=0.917). 

At day 42, the mean collagen area was numerically greater in the secretome-treated group 

than in the control group (79.93±11.11×10⁴ µm² vs 59.25±7.44×10⁴ µm²); however, the between-

group difference was not statistically significant (p=0.149). 

A similar temporal pattern was observed for the percentage of tissue area occupied by 

collagen (Table 3). At 24 hours, the percentage collagen area was 41.04±5.52% in the secretome-

treated group and 45.06±3.79% in the control group (p=0.465). At day 42, the percentage 

collagen area was numerically greater in the hypoxia-conditioned MSC secretome group than in 

the control group (68.81±4.48% vs 56.07±3.29%), although the difference remained below the 

threshold for statistical significance (p=0.083) (Table 3). 

Table 3. Comparison of collagen expression at 24 hours and 42 days after sphincterotomy 
between rats treated with 0.9% NaCl and hypoxia-conditioned mesenchymal stem cell (MSC) 
secretome 

Indicator  Time Study group p-value 
Saline control group  Hypoxia-conditioned 

MSC secretome group 
Mean±SE (95%CI) Mean±SE (95%CI) 

Collagen area (×104 µm2) 24 hours 40.58±6.58 
(22.32–58.84) 

38.03±5.65 
(22.33–53.72) 

0.917 

 42 days 59.25±7.44 
(35.58–82.92) 

79.93±11.11 
(44.54–115.31) 

0.149 

Collagen area (%) 24 hours 45.06±3.79 
(34.55–55.57) 

41.04±5.52 
(25.71–56.36) 

0.465 

 42 days 56.07±3.29 
(45.60–66.54) 

68.81±4.48 
(54.54–83.08) 

0.083 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Collagen deposition in anal sphincter tissue following sphincterotomy and treatment 
with hypoxia-conditioned mesenchymal stem cell (MSC) secretome. 

HIF-1A qRT-PCR findings 

The reported HIF-1A qRT-PCR values were numerically higher in the hypoxia-conditioned MSC 

secretome group at both assessment points (Table 4). At 24 hours, the mean value was 
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24.97±0.23 in the secretome-treated group compared with 24.69±0.12 in the control group, with 

no statistically significant between-group difference (p=0.251). At day 42, the corresponding 

values were 27.47±0.38 and 26.44±0.54, respectively, and the difference remained statistically 

non-significant (p=0.149). 

Table 4. Comparison of HIF-1A expression at 24 hours and 42 days after sphincterotomy between 
rats treated with 0.9% NaCl and hypoxia-conditioned mesenchymal stem cell (MSC) secretome 

Time Study group p-value 
Saline control group  
 

Hypoxia-conditioned MSC 
secretome group  

Mean±SE (95%CI) Mean±SE (95%CI) 
24 hours post-treatment  24.69±0.12 

(24.37–25.01) 
24.97±0.23 
(24.32–25.61) 

0.251 

42 days post-treatment 26.44±0.54 
(24.72–28.14) 

27.47±0.38 
(26.25–28.70) 

0.149 

Discussion 
The principal finding of this study was that administration of hypoxia-conditioned MSC 

secretome following sphincterotomy was associated with numerical differences in several indices 

of tissue healing, although none of the between-group comparisons reached statistical 

significance. Compared with saline-treated controls, the secretome-treated group showed a 

numerically lower inflammatory score at 24 hours and no detectable inflammation at day 42, 

together with a slightly lower fibrosis score and greater collagen deposition at the later 

assessment. HIF-1A qRT-PCR values were also numerically higher in the secretome-treated 

group at both time points. Collectively, these findings indicate a possible biological effect of 

hypoxia-conditioned MSC secretome on inflammatory resolution and extracellular matrix 

remodeling after sphincter injury; however, they should be interpreted as preliminary trends 

rather than evidence of therapeutic efficacy. 

Hypoxic preconditioning has been investigated as a strategy to enhance the regenerative 

properties of MSC-derived secretome. Exposure of MSCs to reduced oxygen tension induces 

cellular adaptive responses that can modify the composition of the secretome and increase the 

release of mediators involved in angiogenesis, tissue repair, and wound healing [20-23]. These 

responses are closely associated with HIF-1α, a key regulator of cellular adaptation to hypoxia 

and downstream pathways involved in angiogenesis and tissue remodeling [20-23]. In the 

present study, the hypoxia-conditioned secretome contained pro-collagen at 655,100.00 pg/mL 

and bFGF at 34.64 pg/mL. The presence of these regenerative mediators provides biological 

plausibility for investigating hypoxia-conditioned secretome in sphincter repair, although the 

present study did not compare its composition directly with that of normoxia-conditioned 

secretome. Accordingly, the current findings cannot establish that hypoxic conditioning itself 

enhanced the secretome composition or therapeutic activity. 

The observed inflammatory pattern may be related, at least in part, to interactions between 

hypoxic and inflammatory signaling pathways. Prolyl hydroxylase domain (PHD) proteins 

participate in oxygen-dependent regulation of HIF signaling, while alterations in PHD activity 

can also influence nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)-

mediated inflammatory responses [24,25]. Crosstalk between HIF-1 and NF-κB may additionally 

involve competition for the transcriptional coactivator p300, providing a potential molecular link 

between cellular responses to hypoxia and inflammation [26-28]. Reciprocal regulation between 

these pathways has also been described through mechanisms involving inhibitor of nuclear factor 

kappa B alpha (IκBα) and factor-inhibiting HIF [29,30]. Furthermore, PHD-related mechanisms 

have been implicated in the modulation of inflammatory signaling under hypoxic conditions 

[31-33]. In the present study, the numerically lower inflammation score at 24 hours and absence 

of detectable inflammation in the secretome-treated group at day 42 are directionally consistent 

with modulation of inflammatory responses. However, because the between-group differences 

were not statistically significant and inflammatory mediators were not directly measured, 

involvement of the HIF–NF-κB pathway remains a mechanistic hypothesis rather than a 

demonstrated explanation for the observed histological findings. 
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The pattern of fibrosis and collagen deposition also requires careful interpretation. MSC-

derived secretome contains diverse paracrine factors capable of influencing fibroblast activity, 

extracellular matrix turnover, inflammatory responses, and tissue repair [34-36]. Wound healing 

is a dynamic process involving overlapping inflammatory, proliferative, and remodeling phases, 

during which extracellular matrix deposition is followed by progressive structural 

reorganization [35]. In the present study, collagen area was initially similar between groups but 

was numerically greater in the hypoxia-conditioned secretome group at day 42, whereas the 

fibrosis score was slightly lower. This apparent divergence between collagen deposition and 

histological fibrosis may indicate differences in extracellular matrix organization or remodeling 

rather than simply greater fibrotic tissue accumulation. Nevertheless, collagen quantity alone 

cannot distinguish organized reparative matrix formation from pathological fibrosis, and the 

present study did not assess collagen subtype, fiber organization, matrix turnover, or 

biomechanical properties. The observed pattern should therefore not be interpreted as evidence 

that hypoxia-conditioned secretome reduced pathological fibrosis while simultaneously 

enhancing beneficial collagen formation. 

Several molecular pathways could plausibly contribute to the observed extracellular matrix 

response. Hypoxia-related signaling can interact with phosphoinositide 3-kinase/protein kinase 

B (PI3K/Akt) pathways and influence HIF-1α-dependent cellular responses [38,39]. Hypoxic 

conditioning of MSCs has also been shown to enhance their angiogenic paracrine activity, 

including increased VEGF production [40]. HIF-1α signaling may subsequently interact with 

angiogenic and reparative pathways involving VEGF, while angiogenesis itself is closely 

integrated with tissue remodeling during wound repair [37,41]. Growth factors such as bFGF can 

also promote cellular proliferation and tissue repair during wound healing [42-45]. In addition, 

MSC-derived extracellular vesicles and secreted mediators have been reported to influence 

wound healing, matrix remodeling, and regenerative responses [46,47]. The greater collagen 

deposition observed at day 42 in the present study is biologically compatible with these 

mechanisms, but the study did not directly assess VEGF, TGF-β signaling, PI3K/Akt activation, 

angiogenesis, or extracellular matrix turnover. Therefore, any mechanistic link between hypoxia-

conditioned secretome and the observed histological changes remains inferential. 

Immunomodulatory effects of the MSC secretome may also contribute to tissue repair. MSC-

derived soluble mediators have been reported to regulate immune-cell activity and alter the 

balance between pro-inflammatory and anti-inflammatory cytokine signaling [13-16]. Such 

effects may include modulation of tumor necrosis factor-alpha (TNF-α), interferon-gamma (IFN-

γ), interleukin (IL)-10, and other mediators involved in inflammatory resolution and tissue 

repair [13-16]. This immunoregulatory profile provides a plausible basis for the numerical 

reduction in inflammation observed in the present study. However, circulating or tissue 

concentrations of these cytokines were not measured, preventing direct attribution of the 

histological findings to secretome-mediated immunomodulation. 

The absence of statistically significant between-group differences is an important 

consideration when interpreting the findings. Although 20 animals were initially included, two 

deaths resulted in nine animals per group completing the study. The relatively small final sample 

may have limited statistical precision, particularly for histological and molecular variables with 

substantial biological variability. Nevertheless, lack of statistical significance should not be 

attributed solely to sample size, nor should consistent numerical differences be regarded as 

evidence that a true treatment effect was present. The findings should instead be considered 

exploratory and hypothesis-generating. In addition, the study evaluated predominantly 

histological and molecular endpoints and did not assess anal sphincter contractility, continence, 

muscle regeneration, or other functional outcomes. The absence of a normoxia-conditioned MSC 

secretome group also prevents determination of whether hypoxic preconditioning provided 

additional biological benefit compared with conventional MSC secretome. 

From a translational perspective, MSC-based regenerative strategies have previously been 

investigated for anal sphincter injury, with experimental studies reporting potential effects on 

muscle regeneration, tissue organization, and functional recovery [48,49]. Secretome-based 

therapy may offer conceptual advantages over direct cell transplantation because it delivers MSC-

derived paracrine mediators without administration of viable cells [34,36,50]. Evidence from 
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preclinical wound-healing studies also supports further investigation of MSC-derived secretome 

and extracellular vesicles as cell-free regenerative approaches [50-55]. However, the present 

findings provide only preliminary histological and molecular evidence and are insufficient to 

support clinical application. Future studies should incorporate adequately powered experimental 

cohorts, normoxia-conditioned secretome comparators, standardized characterization of 

secretome components, dose-response assessments, protein-level validation of HIF-1α and 

related signaling pathways, quantitative evaluation of extracellular matrix organization, and 

objective functional measures of sphincter recovery. Longer follow-up will also be required to 

determine whether early histological changes translate into sustained structural and functional 

improvement. 

Some limitations should be considered when interpreting these findings. The relatively small 

sample size, further reduced by perioperative mortality, limited statistical precision and may have 

reduced the ability to detect modest between-group differences. The absence of a normoxia-

conditioned MSC secretome comparator also prevents determination of whether the observed 

responses were specifically attributable to hypoxic preconditioning rather than to the secretome 

itself. The study primarily evaluated histological and molecular outcomes and did not include 

functional assessments of anal sphincter recovery, such as sphincter contractility or continence. 

In addition, HIF-1A was evaluated at the mRNA level without complementary protein-level 

validation, limiting mechanistic interpretation. Secretome characterization was restricted to pro-

collagen and bFGF concentrations, while other potentially relevant cytokines, growth factors, 

extracellular vesicles, and bioactive mediators were not comprehensively assessed. Furthermore, 

collagen assessment was limited to total collagen area and percentage collagen area, which does 

not distinguish reparative extracellular matrix remodeling from pathological fibrosis. These 

limitations warrant confirmation in larger experimental studies incorporating appropriate 

comparator groups, comprehensive molecular characterization, and objective functional 

outcomes. 

Conclusion 
Hypoxia-conditioned MSC secretome showed numerical trends toward reduced inflammation 

and fibrosis and greater collagen deposition following sphincterotomy; however, none of the 

between-group differences reached statistical significance. These findings suggest a potential role 

of the secretome in modulating inflammatory responses and extracellular matrix remodeling 

during anal sphincter healing, but they do not establish therapeutic efficacy. Further studies with 

larger experimental cohorts, appropriate comparator groups, comprehensive molecular 

characterization, and functional assessment of sphincter recovery are required to confirm these 

preliminary findings and determine their translational relevance. 
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