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AxmyaavHocmb. [1enTHUecKyo s13BY, IPEZCTABIIAIONIYI0 cOO0I pacipocTpaHeHHOe 3a00JIeBaHKe JKeJTyZ0UHO-KUIIIEYHOTO TPAKTa, Yallle BCero BbI-
3p1BatoT uHbUIposauue Helicobacter pylori, mpremM HeCTEPOUIHBIX IPOTHBOBOCIIAINTEIIHHBIX MIPENapaToB U (akTOpbl 00pa3a *KU3HU, B TOM YHCIIE
yroTpebsieHHe aJIKOrosiA U KypeHue. Vpcorianug, Hecreruduaeckuil cesieKTUBHBIN nHruburop PDE4, mposieMoHCTPUPOBaI TepalleBTUYECKUH 110-
TEHI[UAJI B OTHOLIEHHH 53BbI JKeJIy/IKa — OH CII0COOCTBOBAJI 3Q3KHBJIEHUIO CITU3UCTON 000I0UKH, YMEHBIIIEHNIO BOCIIAJIEHUS U YCUIEHHUIO aHTUOKCH/IAHT-
HO 3amuThl. B HacTosiiemM 0630pe pacCMOTpPEH TepAIeBTUUECKUI TIOTEHIINA UPCOTVIAHANHA 1 HHIMOUTOPOB PDE4B B JIe4eHNH ENTHYECKUX sI3B.
Mamepuaavt u memooduvt. UToObI HAUTU HOAXOAAIEe UCCIIEJOBAHNE /7L 3TOH 0030PHOH CTaThU, OBLT IIPOBEZEH TINATEIBHBIH [TOUCK JIUTE-
paTypsl ¢ HCIOJIb30BAaHUEM 3JIEKTPOHHBIX 0a3 JaHHBIX, TakuxX kak Google Scholar u PubMed. B crpareruu moucka HCIIOJIb30BAIHCH TAKUE
KJIIOUEBbIE CI0BA, Kak «peptic ulcer», «Phosphodiesterase-4 inhibitors», «irsogladine», «cAMP» u «mucosal healing». B mouck 6bu11 BKIIOUEHbI
TOJIBKO ITOCJIETHIE QHTJIOA3BIYHbIE ITyOINKAIIUY.

3axarouenue. Vuruburops! pocdonuscrepassi-4, B 0cOOEHHOCTH BO3/ielCTBYIOmME Ha (hocdonuacrepasy-4B, UrpaloT 3HAUUMYIO POJIb B MO-
JIYJISIIUY KMMYHHOT'O OTBeTa, CHUKEHUH OKUCJIMTEIBHOTO CTPecca U CO/IeHCTBIY aHTHOTeHe3y. YKa3aHHbIe CBOMCTBA /IeIal0T UX MHOT000ea-
LM CPEJICTBOM JUJIA JIeUeHUs IeNTHYECKHX A3B. JlasbHeIINe Hecsie/I0BaHus I0JIXKHBI ObITh OPHEHTUPOBAHBI HA OIITUMUBAIIHIO CEJIEKTUBHOCTH
UHTHOUTOPOB (hocdoiuacTepasbi-4, OLEHKY UX 6€30HaCHOCTH IIPHU JITTUTEILHOM UCIIOIb30BAHUHU U IIPOBEIEHHE ITHPOKOMACIITAOHBIX KJIHHIYE-
CKUX FICCIJIEIOBAHUH C I[eJIBI0 ONpe/ieieHust UX 3G GEKTUBHOCTH /IS JIEYEHUS TEITUYECKOH S3BbI.

Knaoueessle caoea: nentuyeckas A3Ba, pocdoauacrepasa, MUKINIECKUH aZieHO3UHMOHOGocdAaT, HPCOIJIAH/IMHA MaJjlear, CeJIeKTHBHbIE HHTU-
6utopsr PDE4B.

Jlas yumupoeanus: A6nens-Catep X.A. IloTeHnnanbpHast poas UHrHOuTopoB PDE4 B jleueHny si3B€HHOM 60JIE3HU JKeJTyKA U JBEHAIIATH-
nepeTHoM Kuiku. Kaunuueckuil pasbop 8 obujeit meduyure. 2025; 6 (6): 28—30. DOI: 10.47407/kr2025.6.6.00626
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Abstract

Introduction. Peptic ulcer disease, a common gastrointestinal disorder, is mostly caused by Helicobacter pylori infection, non-steroidal anti-
inflammatory drug usage, and lifestyle factors including alcohol use and smoking. Irsogladine, a non-specific selective PDE4 inhibitor, has
demonstrated therapeutic potential in gastric ulcers by promoting mucosal healing, reducing inflammation, and enhancing antioxidant defenses.
This review explores the therapeutic potential of irsogladine and PDE4B inhibitors in treating peptic ulcers.

Methods. To find appropriate research for this review article, a thorough literature search was carried out utilizing electronic databases such as
Google Scholar and PubMed. Keywords such as “peptic ulcer”, “Phosphodiesterase-4 inhibitors”, “irsogladine”, “cAMP” and “mucosal healing”
were used in the search strategy. Only recent, English-language publications were included in the search.

Conclusion. Phosphodiesterase-4 inhibitors, particularly those targeting phosphodiesterase -4B inhibitors, play a significant role in modulating
immune responses, reducing oxidative stress, and supporting angiogenesis. These properties make them a promising therapeutic approach for
peptic ulcer disease. Future research should focus on optimizing the selectivity of phosphodiesterase-4 inhibitors, evaluating their long-term safe-
ty, and conducting large-scale clinical trials to establish their efficacy in peptic ulcer management.
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Introduction foration or peritonitis, potentially causing life-threatening

Peptic ulcer disease (PUD) affects millions of individuals
worldwide, posing a significant healthcare burden owing to
its high prevalence, associated complications, and substan-
tial impact on healthcare systems and quality of life. It is
caused by Helicobacter pylori infection, long-term use of
non-steroidal anti-inflammatory drugs, excessive alcohol
consumption, stress, and smoking [1]. The disease is char-
acterized by gastric and duodenal ulcers, causing symptoms
like burning stomach pain, bloating, and heartburn. Un-
treated ulcers can lead to gastrointestinal bleeding, he-
matemesis, or melena, while chronic ulcers can cause per-

infections [2].

Vascular damage leads to tissue necrosis, ischemia, hy-
poxia, and free radical production. The resulting inflamma-
tory response involves gastric mucosal damage, neutrophil
infiltration, reactive oxygen species (ROS) release,
prostaglandin formation, and cytokine imbalance favoring
pro-inflammatory cytokines [3]. Peptic ulcer disease arises
from an imbalance between protective factors — such as the
mucus barrier, normal mucosal blood flow, bicarbonate se-
cretion, prostaglandins, and endogenous antioxidants —
and aggressive factors, including gastric acid, pepsin, ROS,
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and stress [4]. Inflammation, immune dysregulation, [1],
and oxidative stress [2] play pivotal roles in the pathogene-
sis of peptic ulcers by disrupting the balance between pro-
tective and aggressive factors in the gastric mucosa, leading
to tissue damage and impaired healing [3]. Given the role of
inflammation and oxidative stress in peptic ulcer pathogen-
esis, targeting, a key regulator of these processes, has
emerged as a promising therapeutic strategy.

Given the central role of inflammation and oxidative
stress in the pathogenesis of PUD, targeting phosphodi-
esterase-4 (PDE4) — a key regulator of these processes —
has emerged as a promising therapeutic strategy.

PDE is an enzyme that breaks phosphodiester bonds and
degrades cyclic nucleotide second messengers like cyclic
adenosine monophosphate (cAMP) and cyclic guanosine
monophosphate (¢cGMP) [5]. PDEs can be classified into 11
groups that can be divided into three groups: PDEs 4,7, 8
are specific for cAMP, PDEs 5, 6, 9 are specific for cGMP,
and the other PDEs can hydrolyze both cAMP and cGMP5
[6].

A PDE inhibitor is a drug that blocks one or more PDE
subtypes, preventing the inactivation of intracellular cAMP
and ¢cGMP second messengers. There are two types of PDE
inhibitors; non-selective such as methylated xanthines and
derivatives and selective PDE [5].

PDE4 selective inhibitors prevent the breakdown of
cAMP by the PDE4 enzyme, leading to increased intracellu-
lar cAMP levels. This activates the protein kinase A signal-
ing pathway, which regulates smooth muscle relaxation,
neural plasticity, and inflammatory responses. PDE4 is
highly expressed in immune cells, making it a target for
anti-inflammatory therapies [7]. These inhibitors reduce
ROS production by suppressing nicotinamide adenine din-
ucleotide phosphate oxidase activity and mitochondrial
dysfunction. They also decrease the release of pro-inflam-
matory cytokines (such as tumor necrosis factor (TNF-a),
interleukins (IL) -6 & -8) and mediators (such as
prostaglandins, leukotrienes) by inhibiting nuclear factor
kappa-B cells and mitogen-activated protein signaling
pathways. These mechanisms have been demonstrated in
inflammatory conditions such as asthma, chronic obstruc-
tive pulmonary disease (COPD), rhinitis, and rheumatoid
arthritis [5].

The PDE4 subfamily has four subtypes: PDE4A, PDE4B,
PDE4C, and PDE4D, each with unique tissue distribution
and physiological roles. Non-specific selective PDE4 in-
hibitors that bind all four PDE4 subtypes simultaneously,
such as roflumilast, cilomilast, crisaborole, apremilast, and
irsogladine have many therapeutic benefits [6]. The Food
and Drug Administration has approved roflumilast and
cilomilast for the treatment of chronic obstructive pul-
monary disease; however, roflumilast is more effective than
cilomilast at inhibiting PDE4B in inflammatory cells. Addi-
tionally, it approved crisaborole and apremilast for the
treatment of atopic dermatitis and psoriatic arthritis, re-
spectively [8].

Irsogladine maleate (4,4'-Dihydroxy-2,2'-dimethoxy-5,5'-
dimethyl-diphenylmethane) is one of non-specific selective

PDE4 inhibitors. It is used in the treating and preventing of
the various forms of gastric peptic ulcer. Additionally, it is
more beneficial than famotidine for people who smoke and
consume alcohol [9]. Despite its ability to inhibit PDE4, ir-
sogladine generally causes only mild to moderate nausea
and rarely induces emesis. This makes it better tolerated
than other non-specific selective PDE4 inhibitors. Due to
dose-limiting adverse effects like nausea and vomiting,
other non-specific selective PDE4 inhibitors such roflumi-
last, cilomilast, crisaborole, and apremilast are not widely
used [6].

Specific selective PDE4B inhibitors, such as PF-
07038124, PF-04880594 D-159687, D-150404, and D-145,
exhibit potent anti-inflammatory and immunomodulatory
effects [10].

In mammals, the PDE4B gene encodes five variants:
PDE4B1, PDE4B2, PDE4B3, PDE4B4 and PDE4Bs5. The
most widely expressed of these variants in immune cells,
such as neutrophils, B cells, macrophages, and microglia, is
PDE4B2, which also seems to be the main isoform involved
in modifying inflammatory responses [5].

They represent a promising therapeutic approach, maxi-
mizing therapeutic effects while minimizing gastrointesti-
nal tract (GIT) side effects. Its potential use in the manage-
ment of peptic ulcers is a potentially useful concept. These
inhibitors are currently in preclinical development and are
expected to be used in clinical trials [11]. The clinical evi-
dence regarding irsogladine and specific selective PDE4B
inhibitors and their potential applications in PUD is the
main topic of this review.

Mechanisms of Irsogladine Action in the treatment
of peptic ulcer

The therapeutic potential of irsogladine in the prevention
and management of peptic ulcers can be attributed to sev-
eral mechanisms. It enhances GIT mucosal protection, ex-
erts anti-inflammatory effects, and possesses antioxidant
properties [12], while also increasing blood flow and angio-
genesis, and modulating immune responses [13].

Irsogladine increases cAMP levels by inhibiting its break-
down, leading to the activation of protein kinase A. This
cascade inhibits inflammatory mediators (e.g., nuclear fac-
tor kappa B, cyclooxygenase-2) and pro-inflammatory cy-
tokines (e.g., TNF-q, IL-6, IL-8, IL-1f3) while stimulating
anti-inflammatory cytokines (e.g., IL-10) and T cell sup-
pression [14].

It also reduces neutrophil chemotaxis, adhesion, degran-
ulation, and phagocytosis, alleviating gastric mucosal in-
flammation. Additionally, by modulating immune re-
sponses, it mitigates immune-mediated gastric damage and
enhances the clearance of Helicobacter pylori, improving
antibiotic therapy effectiveness [9].

Irsogladine directly protects the GIT mucosa by stimulat-
ing mucus and bicarbonate production, glycoprotein syn-
thesis, epithelial cell proliferation, and tissue repair, while
also strengthening tight junctions between epithelial cells
[13]. By upregulating connexin-32 and -26 proteins, it sup-
ports mucosal integrity and repair [15].
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It reduces aggressive factors like gastric acid and pepsin
while enhancing mucosal defense mechanisms such as the
mucus barrier, bicarbonate secretion, and prostaglandins.
A healthy gut barrier limits pathogenic microbe transloca-
tion, reducing ulcer risk. It also enhances gastric microcir-
culation, ensuring optimal tissue perfusion [12, 13].

Irsogladine promotes ulcer healing through re-epithelial-
ization, angiogenesis, and improved gap junction function.
It stimulates angiopoietin-1 production and matrix metallo-
proteinase activity, supporting vessel stabilization and tis-
sue repair [12, 9]. Its antioxidant effects involve reducing
ROS and increasing antioxidant enzymes [13].

PDEA4B Inhibitors: Future Expectations

Selective PDE4B inhibitors, such as PF-07038124, PF-
04880594D-159687, D-159404, and D-145, represent a
promising future avenue for managing peptic ulcers due to
their targeted mechanisms of action [6]. They elevate cAMP
levels by inhibiting PDE4B, enhancing mucosal defenses,
reducing oxidative stress, and modulating immune re-
sponses [17].

PDE4B inhibitors suppress lipopolysaccharide-induced
nuclear factor kappa B activation, ROS generation, and
neutrophil infiltration. Elevated cAMP suppresses pro-in-
flammatory cytokines (e.g., TNF-a, IL-6, IL-8) while en-
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Conclusion

For irsogladine, the focus should be on optimizing its use
in combination with existing therapies, such as proton
pump inhibitors and antibiotics for Helicobacter pylori
eradication, while monitoring for rare adverse effects such
as liver enzyme elevation or allergic reactions. The future of
PDE4 inhibitors in the treatment of peptic ulcers should
prioritize improving selectivity, minimizing systemic side
effects, and evaluating long-term safety in diverse patient
populations. Additionally, addressing economic and acces-
sibility challenges will be crucial for ensuring these thera-
pies reach a broad patient base. By addressing these chal-
lenges, irsogladine and PDE4 inhibitors can be better posi-
tioned to fulfill their potential as effective, well-tolerated,
and accessible treatments for peptic ulcers.
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