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ABSTRACT

Aim: This study aimed to evaluate the potential protective effects of paricalcitol, N-
acetylcysteine (NAC), and carvedilol in a rat model of chlorhexidine gluconate—induced
peritoneal fibrosis.

Material and Methods: Thirty-six female Wistar albino rats were randomized into six
groups (n=6 each). Peritoneal fibrosis was induced with daily intraperitoneal
chlorhexidine gluconate injections for 21 days. Treatment groups received paricalcitol,
NAC, or carvedilol, alone or in combination. Serum TGF-fB1 levels and histopathological
parameters (peritoneal thickness, fibrosis, inflammation, vascularization) were assessed.
Results: Serum TGF-B1 was significantly higher in the chlorhexidine group compared to
controls (58.29 +4.40 vs. 49.06 + 2.35 ng/mL, p<0.05). NAC significantly reduced TGF-
B1 compared to chlorhexidine alone (46.76 + 4.79 ng/mL, p<0.05). Peritoneal thickness
was markedly increased in the chlorhexidine group (245 £+ 27.3 pm vs. 22.3 £ 2.6 um in
controls, p<0.01) but attenuated by NAC (169.8 + 30.8 um, p<0.01) and carvedilol (146.5
+ 43.1 pm, p<0.01). Fibrosis and inflammation scores were also reduced in NAC and
carvedilol groups (all p<0.05). Paricalcitol alone showed only partial and non-significant
effects.

Conclusions: NAC demonstrated consistent antifibrotic and anti-inflammatory effects,
while carvedilol provided moderate benefit and paricalcitol had limited efficacy. These
findings suggest that antioxidant therapy, particularly NAC, may represent a potential
strategy for preserving peritoneal membrane integrity, though further studies are

warranted.
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INTRODUCTION

End-stage renal disease (ESRD) remains a major global
health challenge with rising prevalence, high mortality, and
substantial morbidity (1). Renal transplantation is
considered the gold standard treatment; however, the
scarcity of suitable donors necessitates dialysis as a long-
term renal replacement therapy for many patients (2,3).
Peritoneal dialysis (PD) is widely used as an effective and
feasible modality for ESRD, yet long-term exposure to
high-glucose dialysate solutions, recurrent peritonitis, and
bio-incompatible fluids result in progressive structural
alterations of the peritoneal membrane, the most critical of
which is peritoneal fibrosis (PF) (4,5).

Peritoneal fibrosis is characterized by thickening of the
submesothelial zone, extracellular matrix (ECM)
accumulation, angiogenesis, and chronic inflammation,
ultimately leading to ultrafiltration failure and reduced
dialysis efficiency (6). In severe cases, this process
culminates in encapsulating peritoneal sclerosis, a rare but
life-threatening complication associated with bowel
obstruction and significant morbidity (7). Despite its
clinical significance, reliable biomarkers for early
prediction of PF are limited, and no established
pharmacological therapies are currently available to
reverse advanced fibrosis (8). Therefore, preventive and
disease-modifying strategies remain a major unmet need.
Among molecular mediators, transforming growth factor-

beta 1 (TGF-B1) plays a central role in fibrogenesis through
fibroblast activation, myofibroblast differentiation, and
promotion of ECM deposition. Experimental approaches
targeting the TGF-B1 pathway, as well as agents with anti-
inflammatory and antioxidant properties, have been
investigated in models of PF. Angiotensin-converting
enzyme (ACE) inhibitors, angiotensin receptor blockers,
immunosuppressants, and various antifibrotic molecules
have shown promise, but their clinical applicability is often
limited by safety concerns or insufficient long-term
efficacy (9).

In this context, several agents already in clinical use for
other indications have attracted attention for their potential
antifibrotic  properties. N-acetylcysteine (NAC), a
precursor of intracellular glutathione, exerts potent
antioxidant activity and has been shown to inhibit TGF-B1-
mediated profibrotic signaling. Carvedilol, a non-selective
B-blocker with additional ol-adrenergic blocking and
antioxidant properties, has demonstrated protective effects
against fibrosis in cardiac, hepatic, and renal experimental
models (10,11). Paricalcitol, a selective vitamin D receptor
activator widely prescribed for mineral and bone disorders
in ESRD, has been reported to attenuate renal and cardiac
fibrosis through modulation of TGF-B1 and related
pathways (12,13).

Given these promising preclinical findings, the present
study was designed to investigate the protective effects of
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paricalcitol, NAC, and carvedilol, alone or in combination,
in a rat model of chlorhexidine gluconate—induced
peritoneal fibrosis. Understanding the potential of these
well-established agents may provide new insights into
preventive strategies and translational opportunities for
preserving peritoneal membrane function in patients
undergoing long-term PD.

MATERIAL AND METHODS

Study Design and Ethical Approval

This study was conducted as a prospective, randomized,
and controlled experimental investigation. Ethical
approval was obtained from the Gazi University Animal
Research Ethics Committee (Project No: 12081, Date:
25/09/2012, Approval Code: 141-18973). All procedures
complied with the ARRIVE guidelines, and every effort
was made to minimize animal suffering throughout the
experiment.

Animals and Housing

Thirty-six female Wistar albino rats, six weeks old and
weighing an average of 240 & 13 g, were used. The animals
were housed in polycarbonate cages under controlled
conditions with a room temperature of 22-25 °C, relative
humidity of 55 £ 10%, and a 12-hour light/dark cycle.

Standard chow and water were provided ad libitum. Daily
monitoring included health status and body weight
assessment to ensure welfare and consistency across the
study.

Experimental Groups and Interventions

The rats were randomly divided into six groups, each
consisting of six animals, and followed for 21 days.
Peritoneal fibrosis was induced by daily intraperitoneal
injections of 0.1% chlorhexidine gluconate at a dose of 10
ml/kg dissolved in 15% ethanol. Group 1 received
chlorhexidine gluconate alone. Group 2 received
chlorhexidine gluconate together with paricalcitol at a dose
of 0.2 nug/kg/day administered subcutaneously. Group 3
was treated with the same paricalcitol regimen combined
with N-acetylcysteine at a dose of 450 mg/kg/day delivered
in drinking water. Group 4 received chlorhexidine
gluconate together with N-acetylcysteine alone, while
Group 5 was treated with chlorhexidine gluconate and
carvedilol at a dose of 10 mg/kg/day by oral gavage. Group
6, serving as the control, was administered physiological
saline at 2 ml/day intraperitoneally. At the macroscopic
level, the peritoneum of control rats appeared smooth, thin,
and translucent, while the chlorhexidine group displayed
marked thickening and opacification (Figure 1).

Figure 1. Macroscopic appearance of the parietal peritoneum in rats. (A) Control group; (B) Chlorhexidine gluconate

(CG) group.

Sacrifice and Sample Collection

On day 21, all animals were anesthetized with ketamine (50
mg/kg) and xylazine (10 mg/kg) and euthanized by cardiac
puncture. Blood samples were collected and centrifuged,
and serum was stored at —20 °C for subsequent analysis of
TGF-B1 levels using an ELISA kit (eBioscience,
BMS632/2). Following sacrifice, parietal peritoneal
samples were excised via midline laparotomy, fixed in 10%
neutral-buffered formalin, embedded in paraffin, and cut
into 4-um sections for histological evaluation.
Histopathological Evaluation

Sections were stained with hematoxylin-eosin and

Masson’s trichrome and examined under a light
microscope by a pathologist blinded to the study groups.
Semi-quantitative scoring systems were applied to assess
inflammation, fibrosis, and vascularization on a scale from
0 to 3 (0 =none, 1 = mild, 2 = moderate, 3 = severe) (14).
Peritoneal =~ membrane  thickness  was  assessed
morphometrically using an Olympus BX51 microscope
equipped with a DP72 imaging system. Representative
histological image of the peritoneal membrane showing the
morphometric measurement is presented in Figure 2
(Hematoxylin—Eosin stain, x200 magnification).
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Figure 2. Morphometric measurement of peritoneal membrane thickness shown in the center of the image.

Statistical Analysis

All statistical analyses were performed using SPSS version
16.0 (Chicago, IL, USA). Normality of data distribution
was tested with the Kolmogorov—Smirnov test. Parametric
variables were expressed as mean + standard deviation and
compared using one-way ANOVA, followed by Tukey
HSD or Tamhane’s T2 tests depending on variance
homogeneity. Non-parametric variables were presented as
median (min—max) and analyzed with the Kruskal-Wallis
test, with pairwise comparisons performed using the
Mann—Whitney U test. Categorical variables were
compared using the chi-square test. A p-value <0.05 was
considered statistically significant.

RESULTS

According to Table 1, serum TGF-f1 levels were
significantly higher in the CG group compared with the
control group (58.29 £ 4.40 vs. 49.06 £+ 2.35 ng/mL, p <
0.05). In Group 4 (CG+NAC), TGF-B1 levels were
significantly lower compared with the CG group (46.76 +
4.79 vs. 58.29 + 4.40 ng/mL, p < 0.05). No statistically
significant differences were observed in Groups 2
(CG+Paricalcitol), 3 (CG+Paricalcitol+NAC), and 5
(CG+Carvedilol) compared with the CG group (p > 0.05).

Table 1. Serum TGF-B1 levels across experimental groups

Group TGF-$1 (ng/mL)
Group 1: CG 58.29 +4.40
Group 2: CG + Paricalcitol 58.65 +12.40
Group 3: CG + Paricalcitol + NAC 58.12+£10.48
Group 4: CG + NAC 46.76 £4.79 a
Group 5: CG + Carvedilol 56.73 £5.86
Group 6: Control 49.06+2.35a

*Values are mean + standard deviation. a: p < 0.05 vs. Group 1 (CG).

According to Table 2, peritoneal membrane thickness was
significantly higher in the CG group compared with the
control group (245 + 27.35 vs. 22.3 + 2.58 pm, p < 0.01).
Thickness was significantly lower in Groups 4 (169.8 +
30.82 um) and 5 (146.5 + 43.05 um) compared with the
CG group (p < 0.01). Fibrosis scores were significantly
lower in Groups 4 (1.33 + 0.51) and 5 (1.17 £+ 0.40)
compared with the CG group (2.17 = 0.75, p < 0.05).
Inflammation scores were significantly lower in Group 4
(0.83 + 0.40) compared with the CG group (2.00 £ 0.63, p
< 0.01). Vascularisation scores were significantly lower in
Group 4 (1.33 £0.51) compared with the CG group (2.00
+0.00, p <0.05).

Table 2. Peritoneal membrane thickness and histopathological scores among groups

G3:

Parameter G1: CG G2: CG+P CG+P+NAC
Thickness (um) 245+2735 191.3+604 176.5+65.2
Fibrosis score 2.17 £ 0.75° 1.33+0.51 1.33+0.51
Inflammation 200+£0.63 1.83+£0.75¢  1.33+0.51
score

Vsl o 2.00+0.00° 2.00+0.63  1.67+051
SCore

G4: CG+NAC  G5: CG+C B p-
Control value
169.8 +30.82¢ 146.5 + 43.052 223+2.58  <0.01
1.33 £0.51 1.17 £ 0.40° 0 <0.01
0.83 £ 0.40¢ 1.50 + 0.544 0 <0.01
1.33 +0.51¢ 1.50 + 0.54 0 <0.01

*G1: Chlorhexidine gluconate (CG); G2: CG+Paricalcitol; G3: CG+Paricalcitol+NAC; G4: CG+NAC; G5: CG+Carvedilol; G6: Control. a: p <

0.01 vs. Group 1; b, ¢, d, e: p <0.05 vs. Group 1.
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DISCUSSION

In this experimental study, we investigated the effects of
N-acetylcysteine (NAC), carvedilol, and paricalcitol on
chlorhexidine gluconate—induced peritoneal fibrosis in
rats. As expected, the CG group exhibited significant
increases in peritoneal membrane thickness, fibrosis,
inflammation, vascularization scores, and serum TGF-$1
levels, confirming the successful induction of fibrosis.
These findings are consistent with the established
pathophysiology of peritoneal membrane injury, where
persistent inflammation and oxidative stress promote
fibroblast activation, extracellular matrix deposition, and
angiogenesis.

The observed elevation of TGF-Bl1 in the CG group
highlights its central role as a master regulator of
fibrogenesis through the Smad signaling cascade,
stimulating  fibroblast  proliferation and collagen
deposition. Treatment with NAC significantly attenuated
TGF-B1 levels, supporting the notion that antioxidant
therapy can suppress TGF-B1 expression and mitigate
fibrotic signaling (15,16). Previous reports have shown that
NAC reduces oxidative stress and inflammatory activation
in renal and peritoneal fibrosis models, which aligns with
our findings. In contrast, carvedilol and paricalcitol
induced less pronounced changes in TGF-B1, suggesting
that their mechanisms may act indirectly or require longer
treatment durations to exert full antifibrotic effects (17,18).
Histopathological analysis further demonstrated that NAC
and carvedilol markedly reduced peritoneal membrane
thickening, whereas paricalcitol achieved only partial
attenuation without statistical significance. This reduction
is likely mediated by the inhibition of fibroblast activation
and collagen accumulation, consistent with earlier
evidence indicating that oxidative stress and chronic
inflammation accelerate submesothelial thickening in
peritoneal dialysis—related injury. Fibrosis scores followed
a similar pattern, with NAC showing the strongest
protective effect, carvedilol providing moderate benefit,
and paricalcitol exhibiting limited efficacy. The superior
performance of NAC may be attributed to its ability to
replenish intracellular  glutathione levels, thereby
enhancing cellular resilience against oxidative and
inflammatory stressors (19,20).

With respect to inflammation, NAC significantly reduced
inflammatory scores, while carvedilol conferred partial
benefit. These results correspond to NAC’s well-
documented inhibition of the NF-kB pathway, which limits
proinflammatory ~ cytokine  release. = Furthermore,
vascularization scores were notably decreased in the NAC
group, reflecting suppression of TGF-Bl—driven
angiogenesis and oxidative stress—mediated vascular
proliferation. Taken together, these outcomes reinforce the
concept that inflammation and angiogenesis are critical
contributors to peritoneal fibrogenesis and that their
modulation is essential for membrane preservation (21,22).
Overall, NAC demonstrated the most consistent
antifibrotic ~ efficacy = across  biochemical  and
histopathological parameters, while carvedilol showed
moderate protection and paricalcitol exerted only minor
effects (23). These results underscore the predominant role
of oxidative stress and inflammation in peritoneal fibrosis
and highlight the translational potential of antioxidant

therapy, particularly NAC, in preventing structural and
functional deterioration of the peritoneal membrane.
Current literature increasingly supports antioxidant and
anti-inflammatory strategies as promising adjuncts in
prolonging peritoneal dialysis viability, and our findings
are in line with this perspective (24,25).

Interestingly, the combination of paricalcitol and NAC did
not result in a greater reduction in peritoneal thickness
compared with NAC alone. This finding suggests that the
antifibrotic effects of NAC may predominate under the
experimental conditions used. NAC primarily exerts its
protective role through antioxidant mechanisms and
suppression of oxidative stress—driven TGF-§ signaling,
whereas paricalcitol modulates fibrosis via vitamin D
receptor—dependent transcriptional pathways. It is possible
that overlapping downstream signaling targets or
pharmacodynamic interactions limited the additive benefit
of combined therapy. Additionally, the fixed dosing
regimen and relatively short treatment duration may not
have been sufficient to reveal potential synergistic effects.
Further studies exploring different dose combinations,
longer exposure periods, and molecular pathway analyses
are warranted to clarify these interactions.

Limitations

Nevertheless, several limitations must be acknowledged.
The use of an animal model may not fully capture the
complexity of human peritoneal tissue. Only a single dose
and limited treatment duration were tested, leaving the
dose-response relationship and long-term effects
unexplored. In addition, potential pharmacodynamic
interactions between NAC and paricalcitol were not
specifically investigated, and the fixed dosing regimen
may have limited the detection of possible synergistic
effects. Molecular pathways such as Smad2/3 activation,
VEGEF expression, and oxidative enzyme activity were not
evaluated, limiting mechanistic insights. Finally,
functional outcomes such as ultrafiltration capacity were
not assessed, restricting the translational interpretation of
histological and biochemical results.

CONCLUSION

In conclusion, NAC exhibited robust protective effects
against peritoneal fibrosis by reducing TGF-B1 levels,
peritoneal thickening, fibrosis, inflammation, and
vascularization. Carvedilol conferred moderate benefit,
while paricalcitol showed limited impact under the
conditions tested. These findings suggest that targeting
oxidative stress and inflammatory pathways may represent
an effective therapeutic strategy to preserve peritoneal
membrane integrity. Further preclinical and clinical studies
are warranted to confirm these effects and to optimize
dosing and treatment regimens for clinical translation.
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