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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Ulcerative colitis (UC) is a chronic inflammatory 

disease mediated by dysregulated immune responses and 
oxidative stress, characterised by excessive production of 
pro-inflammatory cytokines and defective redox homeostasis 
that leads to mucosal damage. Few therapeutic strategies 
are therefore able to simultaneously modulate these unified 
pathways.

Objective: This study investigated the prophylactic dose-
dependent immunomodulatory and antioxidant effects of 
acebrophylline in dextran sulfate sodium (DSS)-induced 
experimental colitis.

Methods: Male albino mice were treated with 3% DSS in 
drinking water for 10 days to induce experimental colitis. 
Animals were divided randomly into control, DSS, sulfasalazine 
reference, acebrophylline (5 mg/kg), and acebrophylline (10 
mg/kg) groups. Sulfasalazine was included as a reference 
standard to provide pharmacological context for the effect 
of acebrophylline. Disease severity was assessed with the 
clinical disease activity index (DAI), macroscopic parameters, 
and histopathological analysis. Colonic inflammation levels 
(TNF-α, IL-1β, IL-6, and IL-10) and oxidative stress markers 
(MDA, MPO, SOD, and GSH) were determined using ELISA-
based assays.

Results: DSS exposure led to severe colitis features such 
as high DAI scores and increased levels of pro-inflammatory 
cytokines and oxidative stress parameters, as well as pronounced 
histopathological damage. In a dose-dependent manner, these 
changes were significantly reduced by acebrophylline treatment. 
A higher (10 mg/kg) dose showed more effective inhibition 
towards TNF-α, IL-1β, and IL-6 and stronger restoration of IL-
10. In addition, acebrophylline decreased MDA and MPO levels, 
indicating the inhibition of lipid peroxidation and neutrophil 
infiltration, respectively, as well as restored antioxidant defence 
via an increase in SOD activity and GSH levels. These findings 
were confirmed by histopathology, revealing enhanced mucosal 
architecture and less inflammatory infiltration, evident mainly 
at the high dose.

Conclusion: Acebrophylline has a strong protective effect on 
DSS-induced colitis with dose-dependent reprogramming of 
inflammatory and redox signalling. The latter findings indicate 
that it may fulfil the criteria of a standalone therapeutic candidate 
by targeting several important pathogenic mechanisms in 
ulcerative colitis.

Key words. Acebrophylline, ulcerative colitis, DSS, dose-
dependent, inflammation, oxidative stress, redox signalling.
Introduction.

Ulcerative colitis (UC) is a chronic, relapsing type of 

inflammatory disorder of the colon with both an increasing 
incidence and long-term complications that result in significant 
global healthcare burden. It is defined by a chronic process of 
inflammation, including mucosal inflammation, damage, and 
impairment of the epithelial barrier, associated with cumulative 
tissue injury due to inflammatory processes governed by 
inherited factors (genetic predisposition), environmental factors, 
and dysregulated immune responses [1-3]. The difficulties in 
achieving sustained remission despite significant improvements 
in therapeutic strategies indicate that improved, mechanism-
based approaches are urgently needed.

Immune pathways are the main features of UC pathogenesis, 
particularly those related to pro-inflammatory cytokines such as 
tumour necrosis factor-alpha (TNF-α), interleukin 1 beta (IL-
1β), and interleukin 6 (IL-6). These cytokines orchestrate the 
inflammatory cascade, promote leukocyte recruitment, and are 
responsible for epithelial injury as well as mucosal ulceration [4-
6]. In parallel, inflammatory regulation is disrupted, leaving the 
system with diminished anti-inflammatory defence, notably by 
way of decreased interleukin-10 (IL-10) signalling that further 
propagates inflammation and leads to a loss of homeostasis 
in immune function [7,8]. The imbalance between pro-
inflammatory pathways and regulatory pathways is one of the 
major factors determining the severity and course of diseases.

Accompanying immune dysregulation, oxidative stress is 
another important factor contributing to mucosal injury in 
UC [9,10]. Overproduction of reactive oxygen species (ROS) 
results in lipid peroxidation, protein oxidation, and DNA 
damage that may amplify inflammatory responses and sustain 
tissue injury [10,11]. Elevated malondialdehyde (MDA) and 
myeloperoxidase (MPO), alongside depletion of the endogenous 
antioxidants superoxide dismutase (SOD) and glutathione 
(GSH), are reproducibly reported in experimental and clinical 
UC [11-13]. In particular, inflammatory and oxidative pathways 
are inextricably linked to each other and establish a positive 
self-reinforcing cycle that promotes disease progression [14-
16].

Current therapeutic approaches for UC are largely directed 
at controlling inflammation; however, the multifactorial nature 
of the disease makes such actions incomplete. As current 
approaches are limited by incomplete response, adverse 
effects, and high relapse rates, there is a pressing need for 
novel treatments that can simultaneously modulate multiple 
interlinked pathogenic pathways [17-19]. Based on this, agents 
with dual actions of anti-inflammatory and antioxidant activity 
particularly merit attention in this context.

Acebrophylline is a xanthine derivative used to treat various 
respiratory disorders and has gained attention as one of the 
potential candidates because of its immunomodulatory properties 
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and antioxidant activity [20]. Its mechanisms of action include 
inhibition of phosphodiesterase activity and the subsequent 
rise in intracellular levels of cyclic adenosine monophosphate 
(cAMP), suppressing inflammatory cell activation (notably 
eosinophils) and cytokine secretion [21,22]. Furthermore, 
cAMP signalling modulates other important inflammatory 
processes, including inhibition of nuclear factor kappa B (NF-
κB), which is the archetypal cytokine-mediated inflammation 
regulator in UC [23-25]. In addition, acebrophylline could 
reduce the production of reactive oxygen species and help 
restore endogenous antioxidant levels, affecting oxidative stress 
parameters, which is consistent with an integrated effect on 
inflammatory and redox signalling pathways [26].

Despite these promising characteristics, its role as an 
independent medicinal compound in ulcerative colitis remains 
uncertain. For instance, limited direct evidence exists for its dose-
dependent impact on balancing the integration of inflammatory 
& oxidative signalling pathways in experimental colitis [27,28]. 
Filling this gap is necessary to exploit its therapeutic potential 
and yield optimal use of this pharmacological agent.

Hence, the current study was designed to assess the dose-
dependent effect of acebrophylline in dextran sulfate sodium 
(DSS)-induced ulcerative colitis. In particular, this study tests 
its effect on clinical severity, pattern of inflammatory cytokines, 
and markers of oxidative stress, as well as histopathological 
changes related to its ability to modulate central pathological 
pathways in disease progression. Sulfasalazine was included 
as a reference standard, while the main focus remained on 
evaluating the dose-dependent effects of acebrophylline.
Materials and Methods.

Study design and experimental animals: The present study 
was designed as a randomised controlled experimental study 
using a dextran sulfate sodium (DSS)-induced ulcerative colitis 
model in mice. This study included thirty 8–12-week-old 
adult male albino mice weighing 20–25 g each. The subjects 
were purchased from the Animal House of the Iraqi Centre for 
Cancer Research and Medical Genetics (Baghdad, Iraq) and 
acclimatised for a week before being used in the experiment. 
Mice were maintained in a controlled laboratory environment 
(12-hour light/dark cycle, controlled temperature, and free 
access to standard laboratory diet and tap water). Individual 
variations related to hormones were avoided by working with 
male mice. The procedures of the experiments were performed 
under relevant institutional oversight and approved by the 
Institutional Review Board, College of Medicine, Al-Nahrain 
University (Approval No. 20250926; 7 October 2025).

Drugs and chemicals: Induction of experimental colitis was 
accomplished by administration of dextran sulfate sodium 
(DSS; MW 40 kDa) [29,30]. Sulfasalazine was used as a 
reference standard and was administered orally at a dose of 100 
mg/kg/day. Acebrophylline was used as the pharmacological 
agent for testing and was freshly prepared immediately before 
use. Acebrophylline was dissolved in distilled water and given 
orally by gastric gavage at the doses of 5 mg/kg/day and 10 
mg/kg/day. The doses were chosen based on the results of 
preliminary dose selection and the finalised protocol.

Induction of experimental ulcerative colitis: Experimental 
colitis was induced by oral administration of 3% DSS in drinking 
water for 10 days. During the same period, control animals 
were provided with normal drinking water without DSS. DSS 
exposure was used to induce UC-like colonic inflammation 
characterised by mucosal injury, inflammatory infiltration, and 
biochemical alterations consistent with experimental ulcerative 
colitis [31,32].

Experimental groups and treatment protocol: Animals 
were randomly allocated into five experimental groups, with six 
mice in each group:

Group I (Control group): Mice received ordinary drinking 
water without DSS and did not receive acebrophylline treatment.

Group II (DSS-induced colitis group): Mice received 
3% DSS in drinking water for 10 consecutive days without 
pharmacological treatment.

Group III (Sulfasalazine reference group): Mice received 
3% DSS in drinking water and were treated with sulfasalazine 
at a dose of 100 mg/kg/day by oral gastric gavage.

Group IV (Acebrophylline 5 mg/kg group): Mice received 
3% DSS in drinking water and were treated with acebrophylline 
at a dose of 5 mg/kg/day by oral gastric gavage.

Group V (Acebrophylline 10 mg/kg group): Mice received 
3% DSS in drinking water and were treated with acebrophylline 
at a dose of 10 mg/kg/day by oral gastric gavage.

Acebrophylline and sulfasalazine treatment started 48 hours 
before DSS exposure and continued once daily throughout the 
10-day DSS induction period. This design was employed to 
evaluate the dose-dependent protective effects of acebrophylline, 
with sulfasalazine included as a reference standard.

Sample collection: Twenty-four hours after the final oral 
dose, mice were anaesthetised using an intraperitoneal injection 
of ketamine and xylazine. After euthanasia, the abdomen was 
dissected, and the colon and spleen were carefully excised. The 
length of the colon and the weight of the colon and spleen were 
measured. The colon was opened longitudinally, washed with 
normal saline, and macroscopically inspected. Each column 
was split in half. One part was fixed in 10% neutral buffered 
formalin for histopathological evaluation, and the other part was 
processed for tissue homogenization to assess the cytokines of 
inflammation and levels of oxidative stress markers.

Disease activity index assessment: The Disease Activity 
Index (DAI) was used to assess the severity of clinical disease. 
The DAI score was calculated from body weight loss, stool 
consistency, and faecal blood. Each parameter was scored 
according to a specific range, and the overall DAI represented 
the total score of each animal. This score was applied to evaluate 
the clinical development of DSS-induced colitis as well as the 
therapeutic efficacy of acebrophylline treatment [33,34].

Macroscopic evaluation and general morphology score: 
Immediately after euthanasia, the colon was resected, washed, 
and examined for any gross morphologic alterations. Colonic 
inflammation and systemic immune activation were assessed 
using colon length, colon weight, and spleen weight. Mucosal 
congestion and ulceration determined the general morphology 
score. The scoring scale is between 0 and 4: a score of 0 (no 
mucosal damage), 1 (mucosal congestion), 2 (ulceration of 
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25–50% area damaged), and, finally, a score of 4 indicates 
ulcerations in >50% area damaged [35].

Biochemical assessment of inflammatory and oxidative 
stress markers: Colonic tissue homogenates were then 
prepared for biochemical analysis. Serum levels of inflammatory 
cytokines and oxidative stress markers in colonic tissue 
homogenates were measured by enzyme-linked immunosorbent 
assay (ELISA) kits according to the manufacturer's instructions 
[36]. The inflammatory cytokines assessed included tumour 
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), 
interleukin-6 (IL-6), and interleukin-10 (IL-10). Oxidative 
stress was evaluated by measuring malondialdehyde (MDA) 
and myeloperoxidase (MPO), while antioxidant status was 
assessed by measuring superoxide dismutase (SOD) and 
reduced glutathione (GSH). 

Histopathological examination: Once obtained, colon 
samples were fixed in 10% neutral buffered formalin and 
paraffin-embedded using conventional histological methods. 
Tissues were dehydrated by gradients of ethanol, cleared with 
xylene, embedded in paraffin, sliced into approximately 4–5 µm 
thick sections, and stained with hematoxylin and eosin (H&E) 
[37,38]. Histopathology was performed using light microscopy 
by a blinded pathologist. Parameters of tissue injury were 
assessed according to inflammation, extent of pathological 
change, mucosal damage and crypt loss. Each parameter was 
graded on a scale that reflects histopathological criteria for 
injury to colonic tissue.

Statistical analysis: Data were expressed as mean ± standard 
deviation (SD). Statistical analysis was conducted using SPSS 
(version 26.0 for Windows, IBM Corp., Armonk, NY, USA). 
Differences between groups were evaluated using one-way 
analysis of variance (ANOVA), followed by Duncan's post hoc 
test to perform multiple comparisons. Statistical significance 
was defined as a p-value < 0.05.
Results.

Acebrophylline produces a graded reduction in clinical 
disease severity: DSS administration resulted in significantly 
higher DAI compared to the control group (p < 0.05), confirming 
successful induction of experimental colitis (Table 1). The DAI 
score in the control group was 0.00±0.00, and it increased to 
3.83±0.40 in the DSS group. Clinical disease severity was 
progressively attenuated by acebrophylline treatment (p < 0.05) 
in a dose-responsive manner. The DAI score of the group treated 
with 5 mg/kg was reduced to 2.33±0.51, while the DAI score of 
the group treated with 10 mg/kg was more strongly decreased 
(1.50±0.54). The sulfasalazine reference group also showed a 
marked reduction in DAI score to 1.33 ±0.51 compared with 
the DSS group, providing a reference response for interpreting 
the clinical effect of acebrophylline. These results suggest that 
acebrophylline mitigated DSS-induced clinical symptoms in a 
dose-dependent manner.

Acebrophylline improves colon and spleen parameters in a 
dose-responsive manner: Severe macroscopic damage followed 
DSS exposure, as evidenced by increased colon weight, reduced 
colon length, and enlarged spleen. Colon weight increased from 
120.33±1.86 mg in the control group to 206.00±2.60 mg in the 
DSS group, and colon length decreased from 8.10±0.18 cm to 

4.83±0.35 cm. Spleen weight also increased from 80.66±1.75 
mg to 150.00±1.67 mg (Table 2).

Acebrophylline improved these DSS-induced alterations 
in a graded manner. At 5 mg/kg, colon weight decreased to 
168.00±2.00 mg, colon length improved to 7.18±0.22 cm, and 
spleen weight decreased to 124.33±1.75 mg. The 10 mg/kg dose 
produced greater improvement, with colon weight reduced to 
150.30±1.86 mg, colon length restored to 7.76±0.22 cm, and 
spleen weight reduced to 106.50±1.51 mg. In the sulfasalazine 
reference group, colon weight, colon length, and spleen weight 
were 140.00±1.89 mg, 7.86±0.15 cm, and 95.00±1.41 mg, 
respectively, indicating effective macroscopic improvement 
compared with the DSS group.

Acebrophylline reduces morphological injury: DSS 
markedly increased the general morphology score, indicating 
severe mucosal congestion and ulcerative injury. The 
morphology score increased from 0.00±0.00 in the control 
group to 3.83±0.40 in the DSS group (Table 3, Figure 1A).

Acebrophylline reduced gross morphological damage in a 
dose-dependent manner, with corresponding macroscopic 
improvement observed in representative colonic images (Figure 
1B). The 5 mg/kg dose reduced the score to 2.16±0.40, while 
the 10 mg/kg dose produced a greater reduction to 1.16±0.40. 
The sulfasalazine reference group showed a comparable 
reduction in the general morphology score to 1.16±0.40. This 
pattern suggests that acebrophylline preserved colonic mucosal 
integrity more effectively at the higher dose.

Acebrophylline shifts the cytokine profile toward an anti-
inflammatory pattern: DSS-induced colitis was associated 
with a pronounced pro-inflammatory cytokine response. 
Compared with controls, DSS increased IL-6 from 67.21±14.95 
pg/mL to 182.57±57.48 pg/mL, IL-1β from 126.84±42.00 pg/
mL to 427.35±35.09 pg/mL, and TNF-α from 138.87±9.37 
pg/mL to 274.12±53.98 pg/mL. In contrast, IL-10 decreased 
markedly from 171.98±10.05 pg/mL to 28.38±2.04 pg/mL 
(Table 4).

Acebrophylline treatment moderated this inflammatory 
shift. At 5 mg/kg, IL-6, IL-1β, and TNF-α were reduced to 
118.60±20.32, 252.59±66.14, and 223.53±39.92 pg/mL, 
respectively, while IL-10 increased to 62.04±2.65 pg/mL. The 
10 mg/kg dose showed stronger cytokine modulation, reducing 
IL-6, IL-1β, and TNF-α to 109.04±5.96, 171.98±20.94, and 
171.53±37.12 pg/mL, respectively, while further increasing 
IL-10 to 81.17±17.08 pg/mL (Table 4). The sulfasalazine 
reference group also shifted the cytokine profile toward an anti-
inflammatory pattern, with IL-10 increased to 106.69±26.49 
pg/mL and IL-6, IL-1β, and TNF-α reduced to 71.69±3.71, 
163.86±48.14, and 208.89±5.82 pg/mL, respectively.

Acebrophylline restores redox balance in DSS-induced 
colitis: DSS administration induced a clear oxidative stress 
response, demonstrated by increased MDA and MPO levels 
and depletion of antioxidant defences. MDA increased from 
34.99±11.88 ng/mL in controls to 220.77±70.18 ng/mL in the 
DSS group, while MPO increased from 227.63±52.89 ng/mL 
to 640.81±87.70 ng/mL. Meanwhile, SOD decreased from 
7.58±0.50 ng/mL to 2.16±1.00 ng/mL, and GSH decreased from 
25.25±2.32 ng/mL to 8.23±2.20 ng/mL (Table 5).
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Figure 1. Gross morphological changes and morphology score among the experimental groups. (A) General morphology score demonstrating 
increased gross injury following DSS exposure and dose-dependent reduction after acebrophylline treatment. (B) Representative macroscopic 

appearance of colonic tissues showing DSS-induced mucosal damage and treatment-related improvement.

Acebrophylline partially restored redox homeostasis. The 
5 mg/kg dose reduced MDA and MPO to 150.75±9.97 and 
442.68±57.76 ng/mL, respectively, while increasing SOD 
and GSH to 4.21±0.68 and 13.24±2.05 ng/mL. The 10 mg/kg 
dose produced a stronger antioxidant profile, reducing MDA 
and MPO to 125.64±25.17 and 392.90±66.73 ng/mL, while 
increasing SOD and GSH to 5.09±0.23 and 15.45±2.67 ng/mL, 
respectively. In the sulfasalazine reference group, MDA and 
MPO were reduced to 101.66±17.15 and 417.33±53.72 ng/mL, 
respectively, while SOD and GSH increased to 6.26±0.39 and 
24.98±4.29 ng/mL (Table 5).

Histopathological Scoring Confirms Dose-Dependent 
Tissue Protection: Histopathological scoring showed severe 
colonic injury in the DSS group compared with controls. DSS 
increased the inflammation score from 0.00±0.00 to 3.00±0.00, 
pathological change score from 0.00±0.00 to 3.83±0.40, 
mucosal damage score from 0.00±0.00 to 2.83±0.40, and crypt 
loss score from 0.00±0.00 to 4.00±0.00 (Table 6).

Acebrophylline reduced histological injury in a graded manner. 
At 5 mg/kg, inflammation, pathological change, mucosal 
damage, and crypt loss scores were 2.33±0.51, 2.33±0.51, 
2.00±0.00, and 2.00±0.00, respectively. At 10 mg/kg, these 
scores improved further to 1.83±0.40, 1.50±0.54, 1.67±0.51, 
and 0.67±0.51, respectively. The sulfasalazine reference group 

also showed marked histopathological improvement, with 
inflammation, pathological change, mucosal damage, and crypt 
loss scores of 1.50±0.54, 1.17±0.40, 1.33±0.51, and 0.67±1.03, 
respectively. These findings confirm that acebrophylline 
provides stronger mucosal and crypt protection at the higher 
dose (Table 6).

Histological examination supports quantitative scoring: 
Microscopic examination of control colonic tissues showed 
preserved mucosal crypts, intact epithelial lining, absence of 
goblet cell depletion, and no inflammatory cell infiltration. DSS-
induced colitis produced severe tissue disruption, including 
mucosal erosions, ulceration, epithelial loss, crypt destruction, 
oedema, and marked inflammatory cell infiltration (Figure 2B). 
The sulfasalazine reference group showed clear histological 
improvement, with reduced mucosal injury, lower inflammatory 
infiltration, and better preservation of crypt architecture 
compared with the DSS group (Figure 2C).

Acebrophylline at 5 mg/kg produced partial histological 
improvement, but residual inflammatory infiltration, erosions, 
crypt shortening, and goblet cell depletion remained evident. In 
contrast, acebrophylline at 10 mg/kg showed better preservation 
of epithelial integrity, less inflammatory infiltration, milder 
crypt distortion, and reduced goblet cell depletion, supporting a 
dose-dependent tissue-protective effect (Figure 2D & E).
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Figure 2. Representative histopathological changes of colonic tissues among the experimental groups. (A) Control group: The section shows 
well-preserved mucosal crypts with no atrophy or goblet cell depletion, a normal-appearing mucosal epithelial lining (black arrows), and a 

healthy thin submucosa without inflammatory cell infiltration (yellow arrows). (B) DSS-induced colitis group: The section demonstrates distorted 
colonic architecture with mucosal erosions, ulceration, epithelial destruction and loss (black arrows), crypt destruction and loss, together with 

marked mixed inflammatory cell infiltration in the mucosa and submucosa (yellow arrows). (C) Sulfasalazine reference group: The section shows 
mainly preserved colonic mucosa and epithelium, with few mixed chronic inflammatory cell infiltrates throughout the mucosa and submucosa 
and mild oedema (black arrow). The mucosa shows intact epithelium, mild structural variation, and few depleted goblet cells (yellow arrows), 

with no ulceration or haemorrhage. (D) Acebrophylline 5 mg/kg-treated group: The section shows marked chronic inflammatory cell infiltration 
in the mucosa and submucosa with oedema (black arrows), along with mucosal erosions, ulceration, cryptitis, crypt shortening, dilatation, 

structural obliteration, and goblet cell depletion (yellow arrows). (E) Acebrophylline 10 mg/kg-treated group: The section shows mixed chronic 
inflammatory cell infiltration in the mucosa and submucosa with oedema (black arrows). The mucosa demonstrates intact epithelium with focal 

erosions, mild crypt shortening, structural and size variation, and multifocal goblet cell depletion (yellow arrow).

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline
5 mg/kg (n=6)

Acebrophylline
10 mg/kg (n=6) P value

DAI Score (0-4) 0.01±0.0 3.835±0.40 1.332,3±0.51 2.334±0.51 1.53±0.54 <0.01 (HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan’s multiple range post hoc test. P<0.01 was considered highly significant at 95% confidence intervals.

Table 1. Effect of acebrophylline on disease activity index (DAI) in DSS-induced ulcerative colitis.

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline
5 mg/kg (n=6)

Acebrophylline
10 mg/kg (n=6) P value

Colon Weight mg 120.331±1.86 2066±2.6 1403±1.89 1685±2 150.34±1.86 <0.01 (HS)
Colon Length Cm 8.14±0.18 4.831±0.355 7.863,4±0.15 7.182±0.22 7.763±0.22 <0.01 (HS)
Spleen Weight mg 80.661±1.75 1506±1.67 953±1.41 124.335±1.75 106.54±1.51 <0.01 (HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan’s multiple range post hoc test. P<0.01 was considered highly significant at 95% confidence intervals.

Table 2. Effect of acebrophylline on colon weight, colon length, and spleen weight in DSS-induced colitis.

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline
5 mg/kg (n=6)

Acebrophylline
10 mg/kg (n=6) P value

General morphology score (0-4) 0.01±0.0 3.835±0.40 1.163±0.40 2.164±0.40 1.163±0.40 <0.01 (HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan’s multiple range post hoc test. P<0.01 was considered highly significant at 95% confidence intervals.

Table 3. Effect of acebrophylline on general morphology score in DSS-induced colitis.
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Discussion.
Ulcerative colitis is no longer viewed as a disease from one 

pathogenic pathway but rather an interconnected weave of 
multiple inflammatory, oxidative, and epithelial injury circuits 
[4,39]. In the current work, DSS administration resulted in a 
significant experimental colitis phenotype characterised by 
a significant increase in disease activity scores and colon 
shortening and splenic enlargement, along with dysregulation 
of pro- and anti-inflammatory cytokines, oxidative stress, and 
severe histopathological injury. This pattern is characteristic of 
the DSS-induced colitis model, one of the most used models for 
human ulcerative colitis, as it replicates several key hallmarks 
of human disease, such as epithelial barrier disturbance, 
mucosal erosions, innate immune activation, and inflammatory 
cell infiltration [11,40,41]. Clinical and tissue-level changes in 
the DSS group corroborate that this model is appropriate for 
assessing acebrophylline monotherapy potential.

A major result of this study is that acebrophylline has 
inhibited DSS-induced colitis in a clearly dose-dependent 
manner. In comparison to 5 mg/kg/day, higher doses (10 mg/
kg/day) of acebrophylline exhibited significant amelioration of 
DAI, colon length, colon weight, spleen weight, and general 
morphology score. This graded response is significant, as it 
indicates a pharmacological rather than nonspecific disease-
suppressive effect. In models of experimental colitis such 
as DSS, improvements in DAI and restoration of colon 
length are considered composite surrogate markers for lower 
inflammatory burden and mucosal integrity [30,41,42]. Herein, 

the simultaneous clinical and macroscopic improvements 
observed further endorse the idea that acebrophylline alters 
disease behaviour in terms of both function and structure.

One of the mechanistic insights from this study is the capacity 
of acebrophylline to alter the colonic cytokine milieu towards a 
less inflammatory profile. DSS significantly increased TNF-α, 
IL-1β, and IL-6 levels and decreased IL-10. This pattern of 
cytokines corresponds to a common inflammatory signature in 
the experimental model of colitis, characterised by recruitment 
and activation of pro-inflammatory mediators that enhance the 
recruitment rate of leukocytes into both epithelial injury and 
damage inside the mucosa [34,43-45]. Cytokine imbalance 
in this model was successfully reversed with acebrophylline, 
where stronger inhibition of TNF-α, IL-1β, and IL-6 was 
observed at the 10 mg/kg dose than at the 5 mg/kg dose. It 
suggests that acebrophylline not only ameliorates clinical signs 
but also controls relevant upstream pro-inflammatory mediators 
of colitis progression.

Decreased IL-1β is particularly pertinent since IL-1β has 
been increasingly promoted as a central amplifier of intestinal 
inflammation. It participates in causing epithelial barrier 
dysfunction, activation of inflammatory cells, and maintenance 
of mucosal damage [43,46-48]. IL-6, in a parallel mechanism, 
drives persistence of inflammation through downstream 
pathways leading to immune-cell survival and amplification of 
inflammation; TNF-α is also an important therapeutic target in 
the treatment of ulcerative colitis by its diverse role in leukocyte 
recruitment, epithelial apoptosis, and cytokine induction [48]. 

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline
5 mg/kg (n=6)

Acebrophylline
10 mg/kg (n=6) P value

IL-10, pg/ml 171.975±10.05 28.381±2.04 106.694±26.49 62.042±2.65 81.173±17.08 <0.01(HS)
IL-6, pg/ml 67.211±14.95 182.573±57.48 71.691±3.71 118.602±20.32 109.042±5.96 <0.01(HS)
IL-1β, pg/ml 126.841±42.004 427.353±35.09 163.861±48.14 252.592±66.14 171.981±20.94 <0.01(HS)
TNF-α, pg/ml 138.871±9.37 274.124±53.98 208.892,3±5.82 223.533±39.92 171.531,2±37.12 <0.01(HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan’s multiple range post hoc test. P<0.01 was considered highly significant at 95% confidence intervals.

Table 4. Effect of acebrophylline on colonic inflammatory cytokines in DSS-induced colitis.

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline 5 mg/
kg (n=6)

Acebrophylline 
10 mg/kg (n=6) P value

MDA, ng/ml 34.991±11.88 220.774±70.18 101.66 2,3±17.15 150.753±9.97 125.642,3±25.17 <0.01(HS)
MPO, ng/ml 227.631±52.89 640.813±87.70 417.332±53.72 442.682±57.76 392.902±66.73 <0.01(HS)
SOD, ng/ml 7.585±0.50 2.161±1.003 6.264±0.392 4.2052±0.68 5.093±0.228 <0.01(HS)
GSH, ng/ml 25.253±2.32 8.231±2.20 24.983±4.29 13.242±2.05 15.452±2.67 <0.01(HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan’s multiple range post hoc test. P<0.01 was considered highly significant at 95% confidence intervals.

Table 5. Effect of acebrophylline on oxidative stress and antioxidant markers in DSS-induced colitis.

Parameters Control
(n=6)

Induction
(DSS) (n=6)

Sulfasalazine
(n=6)

Acebrophylline
5 mg/kg (n=6)

Acebrophylline
10 mg/kg (n=6) P value

Inflammation Score (0-3) 0.01±0.0 3.04±0.0 1.52±0.54 2.333±0.51 1.832±0.40 <0.01 (HS)
Pathological change range Score (0-4) 0.01±0.0 3.835±0.4 1.172,3±0.40 2.334±0.51 1.53±0.54 <0.01 (HS)
Mucosal damage Score (0-3) 0.01±0.0 2.835±0.40 1.332,3±0.51 24±0.0 1.673,4±0.51 <0.01 (HS)
Crypt loss Score (0-4) 0.01±0.0 4.04±0.0 0.672±1.03 2.03±0.0 0.672,3±0.51 <0.01 (HS)
Data are expressed as mean±SD. Different superscript numbers within the same row indicate statistically significant differences among groups 
according to Duncan's multiple range post hoc test. P<0.01 was considered highly significant at the 95% confidence level.

Table 6. Effect of acebrophylline on histopathological scoring parameters in DSS-induced colitis.
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Thus, this simultaneous decline in three cytokines indicates that 
acebrophylline may have a more generalised immunomodulatory 
effect rather than just one isolated inflammatory mediator.

Restoring IL-10 also complements the immunological 
interpretation. IL-10 is an essential anti-inflammatory cytokine 
for intestinal immune tolerance and limiting excessive 
mucosal inflammation. In this study, DSS markedly depleted 
IL-10, whereas acebrophylline increased IL-10 in a dose-
dependent pattern. This is important because therapeutic 
control of ulcerative colitis depends not only on suppression 
of inflammatory mediators but also on restoration of regulatory 
immune balance [49-52]. Thus, acebrophylline appears to 
promote a bidirectional immunoregulatory shift: downregulation 
of pro-inflammatory cytokines and partial restoration of anti-
inflammatory signalling.

This cytokine profile may be explained, at least partly, by 
the pharmacology of acebrophylline as a xanthine-derived 
compound. Acebrophylline has been reported to possess anti-
inflammatory activity through inhibition of phosphodiesterase 
activity and modulation of inflammatory mediator release, 
including TNF-α and leukotrienes [21,53]. Phosphodiesterase 
inhibition increases intracellular cyclic adenosine 
monophosphate (cAMP), which can suppress inflammatory cell 
activation and reduce cytokine production. Increased cAMP 
signalling is similarly functionally associated with diminished 
NF-κB-dependent transcriptional activity, a key pathway 
regulating TNF-α, IL-1β, and IL-6 expression in intestinal 
inflammation [54]. Though NF-κB was not directly measured 
in this study, the changes seen are consistent with a reduction in 
transcriptional output of inflammatory cytokines.

A further important result was that acebrophylline normalised 
redox balance in DSS-induced colitis. DSS also elevated 
MDA and MPO while reducing SOD and GSH, suggesting 
lipid peroxidation, neutrophil-mediated oxidative damage, 
and decreased antioxidant defence. Taken together, these 
observations align with ongoing evidence implicating oxidative 
stress as a key pathogenetic determinant of inflammatory bowel 
disease marked by excessive reactive oxygen and nitrogen 
species inducing damage to lipids, proteins, DNA, and epithelial 
barrier structures [11,55,56]. These oxidative changes were 
reversed by acebrophylline to a dose-responsive extent, with 
the high dose of 10 mg/kg being more effective at reducing both 
MDA and MPO and restoring SOD and GSH.

Although diminished MDA implies a decrease in lipid 
peroxidation, the decreased MPO indicates either limited 
neutrophil infiltration or less oxidising activity of neutrophil-
derived oxidants. In colitis, both measures are clinically relevant 
because lipid peroxidation damages epithelial membranes 
while MPO reflects neutrophil-driven inflammatory injury. The 
increased SOD and GSH indicate the restoration of endogenous 
antioxidant defences. Previous literature highlights that markers 
of oxidative stress are closely related to inflammatory bowel 
disease activity and could be used as a determinant of the degree 
of severity and therapeutic response [57,58]. Thus, the redox-
modulating action of acebrophylline further consolidates its 
multi-target potential in colitis.

Notably, it is important to highlight that the inflammatory and 
oxidative findings should not be interpreted as independent 
biological phenomena. In ulcerative colitis, inflammation and 

oxidative stress are a continuously amplifying cycle: recruited 
immune cells produce ROS, which itself activates inflammatory 
signalling pathways that exacerbate epithelial damage. 
Acebrophylline seems to break this inflammatory–oxidative 
feedback loop by reducing pro-inflammatory cytokines, MDA, 
and MPO simultaneously while restoring IL-10, SOD, and 
GSH [56]. This is the central mechanistic distinction of the 
present study. Rather than describing acebrophylline as simply 
anti-inflammatory or antioxidant, the data suggest coordinated 
immuno-redox reprogramming.

Histopathological results confirm this interpretation on a 
structural level. Intestinal lesions associated with DSS were 
characterised by epithelial disruption, ulceration, inflammatory 
infiltration (submucosal lymphocytes and macrophages), 
goblet cell depletion, oedema, crypt shortening, and crypt 
loss. These lesions are characteristic of DSS-induced colonic 
damage and indicate concurrent impairment of the epithelial 
barrier, immune activation, and impaired mucosal repair 
[41,59-61]. Acebrophylline ameliorated these pathological 
features in a dose-dependent manner. While the 5 mg/kg dose 
provided partial protection, the 10 mg/kg dose resulted in more 
clearly maintained epithelial integrity and crypt architecture 
with reduced inflammatory infiltration and reduced goblet 
cell depletion. The histological recovery correlates with the 
biochemical findings that acebrophylline modifies major 
pathogenic processes and is not merely symptomatic.

This study is among the most comprehensive in terms of the 
wide range of outcome domains investigated, particularly with 
respect to that dose-dependent pattern across multiple domains. 
When comparing 10 mg/kg vs. 5 mg/kg, it was found that 
the 10 mg/kg dose was consistently superior with regard to 
clinical, macroscopic, inflammatory, oxidative, and histological 
endpoints. This stability lends support for an actual dose–
response association and reinforces the internal validity of the 
results. This point is especially relevant because evidence of 
improvement of a therapeutic candidate across independently 
assessed but biologically correlated disease domains strengthens 
the case for efficacy [30,62]. Also, the same graded pattern 
appeared in DAI, morphology, cytokines, redox markers, and 
histopathology, which indicated that acebrophylline had a 
concerted disease-modifying action.

The present study findings position acebrophylline as a 
repurposed candidate for an immunomodulatory and redox-
regulating approach in experimental ulcerative colitis. Drug 
repurposing is a highly appealing approach in inflammatory 
bowel disease, as it holds the potential to accelerate translational 
pipelines and find agents with established pharmacological 
and safety profiles [63-65]. Thus, the present findings support 
further mechanistic and translational studies of acebrophylline 
in a variety of diseases beyond respiratory conditions.

This study uses sulfasalazine as the reference standard to 
establish a pharmacological basis for the protective effects of 
acebrophylline. This research does not aim to verify that the 
latter test drug has superior efficacy; instead, it assesses its 
dose-dependent improvements across clinical, biochemical, 
oxidative, and histopathological metrics. The core focus of 
this study consistently remains the dose-response activity of 
acebrophylline, while sulfasalazine only serves as a baseline 
control.



197

While the integrated dose-response pattern is strong, a few 
limitations need to be acknowledged. First, the study utilised an 
acute DSS-induced colitis model, which does not establish the 
chronic relapsing-remitting characteristic of human ulcerative 
colitis. Second, while the cytokine and oxidative profiles 
indicated that cAMP/NF-κB and redox-sensitive pathways 
were affected, examination of such processes through Western 
blotting, RT-qPCR, immunohistochemistry, or pathway-specific 
assays was not performed directly. Third, epithelial barrier 
proteins, apoptosis markers, Nrf2/HO-1 signalling, MAPK 
signalling, and gut microbiota composition were not assessed 
despite these mechanisms defining an important component of 
DSS colitis and mucosal healing [41,66].

Future studies should directly explore differences in NF-
κB, Nrf2/HO-1, MAPK, PI3K/Akt, and JAK/STAT signalling 
pathways to delineate the underlying molecular basis of 
acebrophylline-mediated protection. Studies using chronic and 
relapsing DSS models should be performed to ascertain whether 
acebrophylline provides long-lasting mucosal protection after 
resolution of the acute inflammatory response. Moreover, wider 
dose ranges and pharmacokinetics, as well as longer-duration 
safety trials, have to be carried out to define the dosage and 
translational potential of acebrophylline in ulcerative colitis. 
The small sample size and short duration of disease induction 
or therapy are limitations that require future studies with larger 
samples for longer periods to mimic the chronic nature of the 
disease or therapy.
Conclusion.

Acebrophylline showed a dose-dependent protective effect 
against DSS-induced ulcerative colitis. The results of this study 
show that acebrophylline alleviates clinical disease severity, 
ameliorates macroscopic and histopathological damage as well 
as the oxidative stress response, and modulates several key pro-
inflammatory pathways. In particular, acebrophylline led to 
decreased levels of pro-inflammatory cytokines (TNF-α, IL-1β, 
and IL-6); restored anti-inflammatory interleukin (IL-10) values 
to control levels; reduced oxidative marker factors (MDA and 
MPO); and increased redox defences (SOD and GSH). The 
effects were always stronger for the high dose (10 mg/kg), 
demonstrating a clear dose–response effect.

Importantly, the integrated amelioration seen in clinical, 
biochemical, and histological parameters indicates coordination 
of immuno-redox modulation by acebrophylline rather than 
inhibition of isolated pathways. This multi-targeted profile 
supports the potential of acebrophylline as an independent 
therapeutic candidate able to alter key pathogenic mechanisms 
involved in ulcerative colitis, with sulfasalazine providing 
reference pharmacological context. In conclusion, the current 
results validate acebrophylline repositioning to deliver it as 
an attractive immunomodulator and antioxidant in preclinical 
experimental ulcerative colitis.
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