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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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-a, IL-1p, 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-a, IL-1P, 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
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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-a), interleukin 1 beta (IL-
1B), 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-
kB), 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.
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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



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-a), interleukin-1 beta (IL-1B),
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 um
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
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4.8340.35 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 c¢m, 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-1B from 126.84+42.00 pg/
mL to 427.35+£35.09 pg/mL, and TNF-a 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-1B, and TNF-o 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-1B, and TNF-a 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-1B3, and TNF-o 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).



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 417.334+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).

Control

Acebrophylline 10 mg/kg

Induction (DSS)

Acebrophylline 5 mg/kg

Sulfasalazine (Reference
Group) A

Contral

R

Acebrophyllie 10 mg/fig

Induction |0155)

Acebrophylline 5 mg kg

o

Sulfasalaziee |Reference Group)

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.
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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 (vellow 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).

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

Parameters Control Induction Sulfasalazine Acebrophylline Acebrophylline P value
(n=6) (DSS) (n=6) (n=6) 5 mg/kg (n=6) 10 mg/kg (n=6)
DAI Score (0-4) 0.0'+0.0 3.83°+0.40 1.3323+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 2. Effect of acebrophylline on colon weight, colon length, and spleen weight in DSS-induced colitis.

Parameters Control Induction Sulfasalazine Acebrophylline Acebrophylline P value
(n=6) (DSS) (n=6) (n=6) 5 mg/kg (n=6) 10 mg/kg (n=6)

Colon Weight mg 120.33'+1.86 206°+2.6 140°+1.89 168°+2 150.3+1.86 <0.01 (HS)

Colon Length Cm 8.14+0.18 4.83'+£0.355 7.86%4+0.15 7.18%+0.22 7.76°£0.22 <0.01 (HS)

Spleen Weight mg 80.66'+1.75 150°+£1.67 953+1.41 124.33°+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 3. Effect of acebrophylline on general morphology score in DSS-induced colitis.

Parameters Control Induction Sulfasalazine Acebrophylline Acebrophylline P value
(n=6) (DSS) (n=6) (n=6) 5 mg/kg (n=6) 10 mg/kg (n=6)
General morphology score (0-4)  0.0'+0.0 3.83°+0.40 1.16°+0.40 2.16*+0.40 1.16*+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.
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Table 4. Effect of acebrophylline on colonic inflammatory cytokines in DSS-induced colitis.

Parameters Control Induction Sulfasalazine Acebrophylline Acebrophylline P value
(n=6) (DSS) (n=6) (n=6) 5 mg/kg (n=6) 10 mg/kg (n=6)

IL-10, pg/ml 171.97°+£10.05 28.38'+2.04 106.69*+£26.49 62.04%+2.65 81.17°+£17.08 <0.01(HS)

IL-6, pg/ml 67.21'£14.95 182.57°+£57.48 71.69'+3.71 118.60%+20.32 109.042+5.96 <0.01(HS)

IL-1B, pg/ml 126.84'+42.004 427.353+35.09 163.86'+48.14 252.59°+66.14 171.98'+20.94 <0.01(HS)

TNF-a, pg/ml 138.87'+9.37 274.12*£53.98 208.89%3+5.82 223.533+£39.92 171.53'24£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 5. Effect of acebrophylline on oxidative stress and antioxidant markers in DSS-induced colitis.

Parameters Control Induction Sulfasalazine Acebrophylline 5 mg/ Acebrophylline P value
(n=6) (DSS) (n=6) (n=6) kg (n=6) 10 mg/kg (n=6)

MDA, ng/ml 34.99'+11.88 220.774£70.18 101.66 *3+17.15 150.75°+9.97 125.64>3+25.17 <0.01(HS)

MPO, ng/ml 227.63'+£52.89 640.813+£87.70 417.33%4£53.72 442.68+57.76 392.90%+£66.73 <0.01(HS)

SOD, ng/ml 7.58°+0.50 2.16'+1.003 6.26*+0.392 4.205%+0.68 5.09°+£0.228 <0.01(HS)

GSH, ng/ml 25.25°+2.32 8.23'+2.20 24.98°+4.29 13.244+2.05 15.45%42.67 <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 6. Effect of acebrophylline on histopathological scoring parameters in DSS-induced colitis.

Parameters Control Induction
(n=6) (DSS) (n=6)
Inflammation Score (0-3) 0.0'+0.0 3.04+0.0
Pathological change range Score (0-4) 0.0'+0.0 3.83°+0.4
Mucosal damage Score (0-3) 0.0'+0.0 2.83°+0.40
Crypt loss Score (0-4) 0.0'+0.0 4.040.0

Sulfasalazine  Acebrophylline  Acebrophylline P value
(n=6) 5 mg/kg (n=6) 10 mg/kg (n=6)

1.5%+0.54 2.33%+0.51 1.832+0.40 <0.01 (HS)
1.17%3+0.40 2.334+0.51 1.5+0.54 <0.01 (HS)
1.33%3+0.51 244+0.0 1.67°4+0.51 <0.01 (HS)
0.67%+1.03 2.0°+0.0 0.67%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.

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
DAL, 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,
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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-a,
IL-1B, 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-o, IL-1p, 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-1P is particularly pertinent since IL-1 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-a 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].



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-a 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-kB-dependent transcriptional activity, a key pathway
regulating TNF-a, IL-1B, and IL-6 expression in intestinal
inflammation [54]. Though NF-xB 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
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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.



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-kB 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-
kB, 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-a, IL-1f,
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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