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DABRAFENIB IN BRAF V600E-POSITIVE SOLID TUMORS: RESISTANCE,
CLINICAL APPLICATIONS, AND DRUG-DELIVERY STRATEGIES

Fatemeh Dodangeh’, Sara Azizi?, Maryam Ebrahimi®, Mahsa Javan*, Aziz Eftekhari*

Abstract

Dabrafenib, particularly in combination with trametinib, is an established targeted therapy for several
BRAF VG600E-positive solid tumors, although the magnitude and durability of response vary
considerably across tumor types. This review summarizes the molecular rationale, clinical applications,
resistance mechanisms, pharmacokinetic limitations, and emerging delivery strategies of dabrafenib-
based therapy. Treatment outcome is influenced not only by BRAF V600E status but also by tumor
lineage, co-occurring genomic alterations, receptor tyrosine kinase feedback, microenvironmental
signaling, and lesion-level drug exposure. Resistance develops through MAPK reactivation, PI3K/AKT
bypass signaling, cellular plasticity, tumor heterogeneity, stromal protection, and pharmacological
underexposure. Dabrafenib efficacy is further constrained by pH-dependent solubility, food-sensitive
absorption, CYP-mediated metabolism, autoinduction, drug interactions, limited brain distribution, and
heterogeneous intratumoral penetration. Solid-state modification, nanostructured formulations,
targeted nanocarriers, locoregional administration, and coordinated dabrafenib—trametinib delivery
have shown preclinical promise, but evidence of superiority over standard oral therapy remains limited.
Clinical findings across melanoma, lung, thyroid, biliary tract, colorectal, and central nervous system
tumors indicate that BRAF VG0OE is highly actionable but insufficient as a standalone predictor of
benefit. Treatment optimization therefore requires a tumor-specific approach integrating molecular
selection, resistance profiling, and lesion-level drug exposure.

Keywords: Dabrafenib, BRAF V600E, Solid tumor, Drug resistance, Nano drug-delivery

1. Introduction melanoma, its clinical relevance has
BRAF V600E is one of the most clinically expanded to several non-melanoma solid
actionable oncogenic alterations in solid tumors, including non-small-cell lung
tumors [1]. This mutation constitutively cancer, anaplastic thyroid cancer, pediatric
activates the RAS-RAF-MEK-ERK low-grade glioma, biliary tract cancer, and
signaling pathway, leading to sustained other rare BRAF V600E-positive
proliferative and survival signaling [2]. malignancies [3-6]. Dabrafenib is a
Although BRAF VG600E was initially selective small-molecule inhibitor of mutant
established as a major therapeutic target in BRAF, with particular activity against BRAF

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
AZORBAYCAN TiBB the copyright holder. To view a copy of thislicence, visit http:/creativecommons.org/licenses/by/4.0/.
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V600-driven signaling [4]. In combination
with the MEK inhibitor trametinib,
dabrafenib provides vertical inhibition of the
MAPK pathway and has become an
important targeted therapeutic strategy for
BRAF V600E-positive tumors [7]. The
clinical value of this combination is reflected
by its expansion from melanoma to tissue-
agnostic treatment of selected BRAF
V600E-positive advanced solid tumors [4,
5]. However, the presence of BRAF V600E
alone does not guarantee uniform
therapeutic benefit across tumor types.
Increasing  evidence indicates that
response to dabrafenib-based therapy is
shaped by tumor lineage, BRAF mutation
class, co-occurring genomic alterations,
receptor tyrosine kinase feedback, tumor
microenvironment, and tissue-specific
pharmacological barriers [3, 8]. Therefore,
BRAF VG600E should be considered a
powerful but incomplete predictor of
response. A major limitation of dabrafenib-
based therapy is the emergence of intrinsic
or acquired resistance [9]. Tumors may
escape treatment through MAPK pathway
reactivation [10], PI3K/AKT-mediated
bypass signaling [11], EGFR feedback
activation [12], cell-cycle deregulation [13],
tumor heterogeneity [14],
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immune-microenvironmental  remodeling
[15], and insufficient drug exposure at
specific tumor sites.

In addition, pharmacokinetic and
formulation-related challenges, including
pH-dependent solubility, variable oral
absorption, drug-drug interactions, limited
tumor penetration, and blood-brain barrier
restrictions, may further limit the durability
of response in solid tumors [16, 17].

This review aims to integrate the molecular
pharmacology, clinical relevance,
resistance mechanisms, pharmacokinetic
limitations, and emerging drug-delivery
strategies of dabrafenib-based therapy in
BRAF V600E-positive solid tumors. Unlike
reviews focused mainly on melanoma or
BRAF/MEK inhibition alone, this article
emphasizes the concept that effective
dabrafenib therapy requires a context-
guided approach in which tumor biology,
resistance evolution, tissue-delivery
barriers, and formulation design are
considered together. This perspective may
help define future strategies for improving
the therapeutic performance of dabrafenib
beyond conventional targeted therapy.

2. Molecular Basis of BRAF Signaling
and Dabrafenib-Based Therapy

2.1. The RAS-RAF-MEK-ERK Signaling
Pathway

The RAS-RAF-MEK-ERK cascade,
commonly referred to as the canonical
MAPK/ERK pathway, is a central signaling
network that regulates cell proliferation,
differentiation, survival, and migration [18].
Under physiological conditions,
extracellular growth factors activate
receptor tyrosine kinases, leading to the
recruitment of adaptor proteins and
conversion of RAS to its active GTP-bound
state [19]. RAS-GTP subsequently recruits
RAF kinases, including ARAF, BRAF, and
CRAF, to the plasma membrane, where
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conformational rearrangement and RAF
dimerization promote kinase activation [20].
Activated RAF phosphorylates MEK1/2,
which in turn activates ERK1/2. ERK then
translocates to the nucleus and regulates
gene-expression programs involved in cell-
cycle progression, differentiation, and
survival. Persistent dysregulation of this
cascade can promote malignant
transformation [21, 22]. Among RAF-family
members, BRAF exhibits the highest
intrinsic kinase activity and is the RAF
isoform  most frequently affected by
oncogenic mutations [23]. Oncogenic
BRAF activation can uncouple MAPK
signaling from normal upstream control,
producing sustained pathway output that
supports uncontrolled tumor-cell
proliferation and survival. BRAF V600E is
the most prevalent activating BRAF
alteration and can function as a dominant
oncogenic driver across multiple solid-
tumor lineages [3, 8, 24].

RAF proteins contain three conserved
regions: CR1, which includes the RAS-
binding and cysteine-rich domains; CR2,
which contains regulatory phosphorylation
sites; and CR3, which comprises the
catalytic kinase domain, including the
glycine-rich P-loop and activation segment
[21]. RAF signaling is strongly influenced by
kinase-domain conformation and homo- or
heterodimerization, including formation of
BRAF-CRAF dimers [21, 23, 25]. In the
autoinhibited state, a 14-3-3 dimer interacts
with phosphorylated regulatory sites in
BRAF and stabilizes a closed conformation
[26]. Structural studies further indicate that
coordinated interactions among the BRAF
cysteine-rich domain, kinase domain,
MEK1, and 14-3-3 contribute to
maintenance of this inactive state [21, 27].
These structural features help explain why
RAF dimerization, conformational state,

(2026) 03:01
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and cellular context strongly influence
sensitivity to RAF inhibitors.

2.2. BRAF Mutation Classes: Class |, Class
Il, and Class Il

BRAF mutations are commonly classified
into three functional classes according to
their intrinsic kinase activity, dependence
on upstream RAS signaling, and
requirement for RAF dimerization. This
classification has important therapeutic
implications because the three classes
differ substantially in their signaling
mechanisms and sensitivity to RAF-
targeted therapies [3, 8, 25, 28]. Class |
mutations comprise substitutions at codon
V600, particularly V600E and V600K.
These alterations generate highly active
BRAF monomers that signal independently
of upstream RAS activation and do not
require RAF dimerization. Sustained ERK
activation imposes negative feedback on
RAS, resulting in relatively low RAS-GTP
activity in class | BRAF-mutant tumors [29].
Their monomeric and RAS-independent
signaling explains why class | mutants are
the most sensitive to approved BRAF
inhibitors such as dabrafenib, particularly
when BRAF inhibition is combined with
downstream MEK inhibition [3, 8, 25].
Class Il mutations are activating non-V600
alterations that signal as constitutively
active, RAS-independent RAF dimers.
They include selected substitutions
involving G469, L597, and K601, as well as
many BRAF fusions [29]. Because
conventional BRAF V600-selective
inhibitors more effectively inhibit
monomeric BRAF than RAF dimers, class I
alterations generally show limited sensitivity
to these agents and may require strategies
targeting RAF dimers or downstream MEK-
ERK signaling [3, 8, 25, 30]. In contrast,
class Ill mutations have impaired or absent
intrinsic kinase activity and depend on
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upstream RAS activation [31]. These
mutants enhance signaling through
interactions with RAS-GTP and CRAF-
containing dimers, with RAS activation
arising from receptor tyrosine kinase
signaling, activating RAS alterations, NF1
loss, or other upstream events [32].
Consequently, class Il tumors are
generally unsuitable for conventional BRAF
V600-selective inhibitor monotherapy, and
their treatment must be guided by the
upstream driver, tumor lineage, and
broader genomic context[3, 8, 28].

2.3. Mechanistic Basis of Dabrafenib and
Trametinib Combination Therapy
Dabrafenib is primarily active against class
| BRAF V600 alterations, particularly V60OE
and V600K, which generate constitutively
active, RAS-independent BRAF monomers
[3, 8, 24, 33]. In vitro, dabrafenib inhibits
BRAF V600E, BRAF V600K, and BRAF
V600D with ICs, values of 0.65, 0.50, and
1.84 nM, respectively, while inhibiting wild-
type BRAF and CRAF at higher
concentrations, with corresponding [Csq
values of 3.2 and 5.0 nM [34]. In BRAF
V600-mutant cells, inhibition of mutant
BRAF reduces downstream MEK-ERK
signaling and  suppresses MAPK-
dependent tumor-cell proliferation.
Consistently, dabrafenib inhibits the growth
of BRAF V600 mutation-positive tumors in
both in vitro and in vivo models [3, 8, 24,
34].

The pharmacological effects of RAF
inhibitors depend strongly on mutation
status and RAF dimerization. Whereas
dabrafenib suppresses MAPK signaling in
BRAF V600-mutant cells, RAF inhibition in
BRAF wild-type cells with elevated RAS
activity may promote RAF dimerization and
transactivation, resulting in paradoxical
MEK-ERK pathway activation [8, 21]. This
context-dependent activity reinforces the

(2026) 03:01
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requirement for accurate identification of
the BRAF variant and explains why
dabrafenib should not be wused in
molecularly unselected BRAF wild-type or
RAS-activated tumors.

Trametinib is a reversible allosteric inhibitor
of MEK1 and MEK2 activation and kinase
activity, thereby limiting downstream ERK
signaling [35-38]. Combining trametinib
with dabrafenib therefore provides vertical
inhibition of two sequential nodes of the
RAS-RAF-MEK-ERK cascade. This dual
blockade suppresses residual or recovering
MEK-ERK signaling more effectively than
BRAF inhibition alone and delays MAPK-
pathway reactivation. Preclinical studies
demonstrated greater growth inhibition in
BRAF V600 mutation-positive tumor-cell
lines and more prolonged tumor-growth
suppression in xenograft models with the
combination than with either drug alone [34,
38]. Clinical studies in BRAF V600-mutant
melanoma subsequently showed that
dabrafenib  plus trametinib improved
disease control and delayed resistance
compared with BRAF inhibitor
monotherapy, while reducing cutaneous
hyperproliferative toxicities associated with
paradoxical MAPK activation [36, 37].

The mechanistic rationale for this
combination is strongest in class | BRAF
V600-driven tumors and should not be
generalized to all BRAF alterations [39].
Class Il mutations signal through RAF
dimers, whereas class Ill mutations depend
on upstream RAS or receptor tyrosine
kinase activity and CRAF-containing dimers
[40]. Accordingly, the therapeutic relevance
of dabrafenib—trametinib therapy must be
interpreted according to the exact BRAF
variant, functional mutation class, and
tumor context [3, 8, 25, 28]. The molecular
organization of BRAF signaling, the
functional classification of BRAF
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alterations, and the mechanistic rationale
for combined dabrafenib—trametinib
therapy are summarized in Figure 1.
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Figure 1. Molecular basis of BRAF signaling and the rationale for combined dabrafenib—trametinib therapy. (A)
Comparison of physiological RTK-RAS-RAF-MEK-ERK signaling with constitutive, RAS-independent MAPK
activation driven by BRAF V600E. (B) Functional classification of BRAF alterations into class | monomers, class
Il RAF dimers, and class Ill RAS-dependent mutants. (C) Dabrafenib inhibits mutant BRAF, whereas combined
dabrafenib—trametinib therapy provides vertical BRAF/MEK blockade, more sustained MAPK suppression, and
delayed pathway reactivation. Abbreviations: ERK, extracellular signal-regulated kinase; MAPK, mitogen-
activated protein kinase; MEK, MAPK/ERK kinase; RTK, receptor tyrosine kinase. This figure was created using

BioRender. (BioRender.com, accessed on 17 July, 2026).

3. Clinical Applications of Dabrafenib-
Based Therapy Across Solid Tumors

Dabrafenib-based therapy has expanded
from melanoma to several BRAF VG600E-
positive solid tumors, particularly when

microenvironment, and tissue-specific drug
accessibility [3, 5]. As illustrated in Figure 2,
the clinical performance of dabrafenib-
based therapy is determined by the
interaction between BRAF dependency and

combined with trametinib [3, 8, 41]. tumor-specific factors, including lineage,
However, clinical benefit varies across mutation class, co-occurring alterations,
tumor types because response s feedback signaling, and drug accessibility.

influenced by tumor lineage, co-occurring
alterations, feedback signaling, the tumor
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Figure 2. Tumor-context-dependent determinants of dabrafenib-based therapy across BRAF V600E-positive
solid tumors. The therapeutic performance of BRAF/MEK inhibition is shaped by tumor lineage, BRAF mutation
class, co-occurring molecular alterations, feedback signaling, and tissue-specific drug accessibility. The
illustrated clinical contexts include strong MAPK dependence in melanoma, mutation-class-dependent sensitivity
in NSCLC, redifferentiation potential in selected differentiated thyroid cancers, EGFR-mediated feedback in
colorectal cancer, restricted CNS penetration in brain tumors, and clinical activity observed in basket trials of
biliary tract and other rare tumors. Abbreviations: CNS, central nervous system; EGFR, epidermal growth factor
receptor; MAPK, mitogen-activated protein kinase; NSCLC, non-small-cell lung cancer. This figure was created
using BioRender. (BioRender.com, accessed on 17 July, 2026).
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3.1. Established Clinical Applications:

Melanoma and Non-Small-Cell Lung
Cancer
Melanoma provided the initial clinical

evidence supporting BRAF-targeted
therapy [42]. Dabrafenib monotherapy
improved outcomes compared with

dacarbazine in patients with previously
untreated BRAF V600E-mutant metastatic
melanoma [43]. However, the rapid
emergence of MAPK-pathway reactivation
limited the durability of monotherapy.
Subsequent phase Il studies demonstrated
that combining dabrafenib with trametinib
improved disease control and clinical
outcomes compared with single-agent
BRAF inhibition, establishing  dual
BRAF/MEK inhibition as a standard
treatment for BRAF  V600-mutant
melanoma [44, 45].

In non-small-cell lung cancer, BRAF V600E
represents a clinically actionable but
uncommon molecular subgroup [46]. Phase
Il studies showed that dabrafenib plus
trametinib produced objective response
rates of approximately 63-64% in both
previously treated and treatment-naive
patients with metastatic BRAF V600E-
positive NSCLC [3, 47]. These findings
established dabrafenib plus trametinib as
an important targeted option for BRAF
V600E-mutant NSCLC. However, clinical
evidence in NSCLC is best established for
class | BRAF V600E disease, because non-
V600 BRAF alterations exhibit distinct
signaling mechanisms and variable
sensitivity to conventional BRAF inhibitor
[3, 6, 48, 49].

3.2. Thyroid, Biliary Tract, and Other Rare
Solid Tumors

BRAF V600E has important therapeutic
implications  in  thyroid cancer. In
differentiated thyroid cancer, sustained
MAPK activation suppresses thyroid-

(2026) 03:01
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specific genes involved in iodine uptake
and contributes to radioactive iodine
resistance [1, 50]. BRAF/MEK inhibition
may partially restore iodine avidity and
enable redifferentiation in selected patients
with  BRAF-mutant radioactive iodine-
refractory disease [51].

Dabrafenib plus trametinib has also
demonstrated clinically meaningful activity
in BRAF V600E-mutant anaplastic thyroid
carcinoma, an aggressive malignancy with
historically limited treatment options [5, 52].
These findings support routine molecular
testing in advanced thyroid tumors and
illustrate how the clinical role of BRAF
inhibiton may differ according to
histological subtype [53].

Among other rare solid tumors, biliary tract
cancer represents an important application
of dabrafenib-based therapy [54]. In the
ROAR basket trial, dabrafenib plus
trametinib produced meaningful responses
in patients with BRAF V600E-mutant biliary
tract cancer [5]. Its activity has also been
reported across selected rare BRAF
V600E-positive tumors, although
interpretation remains limited by small and
heterogeneous patient cohorts [55]. These
data support broad molecular profiling in
rare cancers for which standard therapeutic
options are limited [5].

3.3. Colorectal Cancer as a Model of
Tumor-Context Dependence

BRAF V600E-mutant colorectal cancer
illustrates why the presence of an
actionable mutation does not necessarily
predict uniform sensitivity to BRAF
inhibition across tumor types [55]. Unlike
melanoma, BRAF inhibitor monotherapy
has limited activity in colorectal cancer
because suppression of mutant BRAF
rapidly relieves MAPK-dependent negative
feedback and promotes EGFR-mediated
reactivation of RAS-RAF-MEK-ERK
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signaling [3, 56]. Consequently, effective
treatment requires simultaneous blockade
of BRAF and EGFR. The BEACON CRC
trial demonstrated that encorafenib plus
cetuximab improved clinical outcomes in
previously treated BRAF V600E-mutant
metastatic colorectal cancer, establishing
combined BRAF/EGFR inhibition as a
standard therapeutic strategy [56-58].

3.4. CNS Tumors and Pediatric Low-
Grade Glioma

BRAF alterations occur in several pediatric
and adult central nervous system tumors,
including pediatric low-grade glioma,
ganglioglioma, pleomorphic
xanthoastrocytoma, and selected high-
grade gliomas [55]. However, therapeutic
sensitivity depends on the exact alteration
because BRAF V600 mutations, BRAF
fusions, and other non-V600 variants differ
substantially in their signaling biology and
response to RAF-targeted therapy [3, 59].
Dabrafenib plus trametinib has
demonstrated clinically meaningful activity
in BRAF V600E-positive low- and high-
grade gliomas, supporting its use in
molecularly selected CNS tumors [5].

The CNS setting nevertheless presents an
important  pharmacological challenge.
Blood-brain barrier integrity, transporter-
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mediated drug efflux, tumor location, and
heterogeneous vascular permeability may
restrict intracranial and intratumoral
exposure despite adequate systemic
concentrations [60, 61]. These limitations
help explain the growing development of
brain-penetrant RAF inhibitors and highlight
the need for delivery strategies capable of
improving drug distribution within CNS
tumors [3, 59]. Thus, CNS tumors provide a
direct link between molecular sensitivity to
dabrafenib and the tissue-specific barriers
that may limit durable therapeutic response
[4]. The clinical relevance of dabrafenib-
based therapy and the major tumor-
context-specific factors that shape or limit
its use across selected BRAF V600E-
positive solid tumors are summarized in
Table 1. Collectively, these clinical
experiences demonstrate that BRAF
V600E is a broadly actionable molecular
target, but the therapeutic performance of
dabrafenib-based therapy remains strongly
influenced by tumor lineage, feedback
signaling, co-occurring alterations, and
tissue-specific drug accessibility.
Accordingly, treatment selection should
integrate BRAF mutation status with the
biological and pharmacological context of
each tumor.

Table 1. Clinical applications and tumor-context-specific limitations of dabrafenib-
based therapy in selected BRAF V600E-positive solid tumors.

Tumor context

Reference

Clinical role of BRAF targeting

Main context-specific issue

Melanoma

Dabrafenib plus trametinib is an
established treatment for BRAF
V600-mutant advanced
melanoma

Acquired resistance and CNS
progression may limit
durability.

[62, 63]

NSCLC

The combination
meaningful responses in
metastatic  BRAF  V600E-
positive NSCLC

produces

Benefit is mainly established
for class | V60OOE tumors

[47, 64]

Thyroid cancer

It is active in anaplastic thyroid
cancer and may restore iodine

Treatment goals differ by
histological subtype.

[65, 66]
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avidity in selected differentiated
tumor
Colorectal cancer BRAF V600E is actionable, but | EGFR-mediated MAPK | [67, 68]
dabrafenib-based therapy is not | reactivation requires
a standard regimen combined BRAF/EGFR
inhibition.
Biliary tract cancer | Dabrafenib plus trametinib has | Evidence is limited by small, | [4, 5]
and rare tumors shown activity in BRAF V600E- | heterogeneous cohorts.
positive biliary and rare tumors
CNS The combination is active in | BBB restriction, efflux | [4, 69]
tumors/pediatric selected BRAF V600E-positive | transporters, and variant
glioma gliomas heterogeneity may reduce
response.
Abbreviations: BBB: blood-brain barrier, CNS: central nervous system, EGFR: epidermal growth
factor receptor, MAPK: mitogen-activated protein kinase, NSCLC: non-small-cell lung cancer.

4. Pharmacokinetic and Formulation
Challenges

Although dabrafenib has high molecular
potency and substantial oral bioavailability
after a single dose, its clinical exposure is
influenced by pH-dependent solubility,
formulation and food effects, time-
dependent pharmacokinetics, drug—drug
interactions, and restricted distribution into

selected tumor compartments. These
factors may produce variable systemic
exposure or inadequate drug

concentrations at
protected sites,

pharmacologically
particularly within the

central nervous system and poorly
penetrated tumor regions  [70-75].
Accordingly, the principal formulation

challenge is not simply to increase total
exposure, but to achieve reproducible and
site-appropriate drug availability.

4.1. Oral Biopharmaceutical Limitations:
Solubility, Formulation, and Food
Effects

Dabrafenib mesylate is a weakly basic
compound with strongly pH-dependent
aqueous solubility. According to the
prescribing information, it is very slightly
soluble at pH 1 and practically insoluble
above pH 4. Passage from the acidic

13

stomach to the higher-pH intestinal
environment may therefore reduce drug
solubility and promote precipitation from a
transiently supersaturated state, limiting the
fraction that remains available for
absorption [34, 76, 77]. Dabrafenib also
exhibits a complex solid-state landscape
comprising polymorphs, hydrates,
perhydrates, and multiple solvates.
Consequently, crystal form and solid-state
stability may substantially influence
dissolution behavior and formulation
performance [70, 71].

Clinical formulation studies confirm that oral

exposure is sensitive to apparently
conventional formulation variables. In
patients with BRAF mutation-positive

tumors, particle size, capsule-shell
composition, and prandial state altered the
relative  bioavailability of dabrafenib.
Hypromellose capsules produced higher
exposure than gelatin capsules, whereas
the nonmicronized drug substance
unexpectedly showed greater
bioavailability than the micronized form
[72]. These findings indicate that particle-
size reduction does not necessarily improve
in vivo exposure when dissolution,
supersaturation, capsule disintegration,
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and precipitation interact dynamically. They
also demonstrate that conventional in vitro
dissolution results may not always predict
clinical performance. Food significantly
reduces and delays dabrafenib absorption.
Administration with a high-fat meal
decreases C_max by approximately 51%
and AUC by 31% and delays T_max
relative to fasting conditions; consequently,
dabrafenib should be administered at least
1 h before or 2 h after food [34, 78, 79].
These findings support oral formulations
that maintain dabrafenib in a dissolved or

supersaturated state and reduce
precipitation.  Solid-form  engineering,
polymers, amorphous systems, and

nanocarriers may improve exposure, but
their clinical value requires in vivo validation
[70, 71, 80].

4.2. Metabolism, Autoinduction,
Drug-Drug Interactions
Dabrafenib undergoes extensive oxidative
metabolism, primarily through CYP2C8 and

and

CYP3A4. Hydroxy-dabrafenib is
subsequently converted to carboxy-
dabrafenib, which can undergo

decarboxylation to form desmethyl-
dabrafenib [73, 74]. Fecal excretion is the
major elimination route, accounting for
approximately 71% of the administered
radioactive dose, whereas urinary recovery

accounts for approximately 23% and
consists of metabolites rather than
unchanged dabrafenib. Hydroxy-
dabrafenib and desmethyl-dabrafenib

retain pharmacological activity and may
contribute to the overall clinical effects of
treatment [34, 73, 74].

A distinctive pharmacokinetic property of
dabrafenib is time-dependent
autoinduction. Repeated administration
increases apparent clearance, resulting in
lower-than-expected accumulation and
less-than-dose-proportional exposure at
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steady state. Population pharmacokinetic
analyses estimate an induction half-life of
approximately 67 h, with steady state
reached within about 14 days [73, 81].
Consequently, exposure measured after an
initial dose may not represent the
concentrations achieved during chronic
twice-daily therapy.

Dabrafenib acts as both a substrate and an
inducer of drug-metabolizing enzymes.
Ketoconazole, a strong CYP3A4 inhibitor,
increased dabrafenib AUC by 71%,
whereas the strong CYP2C8 inhibitor
gemfibrozil increased AUC by 47% [82].
Conversely, repeated dabrafenib
administration reduced midazolam AUC by
65% and decreased the AUCs of S-warfarin
and R-warfarin by 37% and 33%,
respectively, reflecting induction of
CYP3A4, CYP2C9, and related pathways
[82, 83]. These interactions may increase
dabrafenib toxicity when its metabolism is
inhibited or reduce the effectiveness of
concomitant medications when enzyme
induction accelerates their clearance.

4.3. Tissue Distribution and Penetration
Barriers

Adequate plasma exposure does not
necessarily  ensure  sufficient  drug
concentrations  within  every  tumor
compartment. This distinction is particularly
important in the central nervous system,
where the blood-brain barrier and active
efflux transporters restrict drug entry.
Preclinical studies demonstrated that
dabrafenib is a substrate of both P-
glycoprotein and breast cancer resistance
protein and that simultaneous activity of
these transporters markedly limits its brain
distribution when the blood—brain barrier is
intact [75]. Trametinib is also subject to
transporter-mediated restriction at the
blood—brain barrier, which may further limit
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coordinated intracranial exposure during
combination therapy [75, 84].

Distribution heterogeneity is not limited to
the CNS. Experimental imaging and
computational analyses have shown that
BRAF inhibitors differ in their penetration
across tumors and metastatic sites. High
albumin binding, lipophilicity, systemic
clearance, and target-dissociation kinetics
were identified as factors that may restrict
the depth and duration of dabrafenib
exposure within visceral lesions [85].
Consequently, some tumor regions may
receive  subtherapeutic concentrations
despite apparently adequate plasma levels,
creating pharmacological niches in which
residual or drug-tolerant cells can persist.
The development of brain-penetrant and
efflux-evasive RAF inhibitors demonstrates
that molecular and physicochemical
optimization can improve intracranial
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distribution[86-89]. However, these agents
are distinct from dabrafenib and should not
be presented as evidence that current
dabrafenib formulations overcome the
blood-brain barrier. For dabrafenib itself,
the available evidence instead supports
investigation of brain-targeted carriers,
efflux-evasive  delivery systems, and
platforms capable of producing more
uniform intratumoral distribution. Hence,
Dabrafenib delivery strategies should be
tailored to the specific pharmacokinetic
barrier, including poor oral absorption,
metabolic interactions, or limited tissue
penetration. The sequential
pharmacokinetic and anatomical barriers
that shape dabrafenib exposure from oral
administration to tumor and central nervous
system delivery are summarized in Figure
3.

Table 2. Key pharmacokinetic and formulation barriers limiting dabrafenib delivery.

Barrier Main mechanism Clinical relevance Potential delivery
response
Poor/pH-dependent | Dissolution-limited Variable oral | Solid-form
solubility absorption; exposure and | engineering,
supersaturation followed | formulation sensitivity | precipitation inhibitors,
by precipitation nanocarriers

tumor penetration

distribution across lesions
and tumor regions

variability

Food/formulation Meal-dependent changes | Need for  fasted | Food-effect-resistant
effects in  dissolution,  gastric | administration and | oral formulations and
emptying, and precipitation | reduced exposure | controlled-release
consistency systems
CYP  metabolism | CYP2C8/CYP3A4 Changing exposure | Exposure-stabilizing
and autoinduction metabolism; time- | during chronic therapy | formulations;  careful
dependent increase in | and potential DDIs co-medication
clearance management
BBB and efflux | P-gp/BCRP-mediated Reduced intracranial | Brain-targeted or
transporters restriction of CNS entry exposure, especially | efflux-evading delivery
in intact BBB regions | strategies
Heterogeneous Spatial differences in drug | Site-specific response | Tumor-penetrating,

stimuli-responsive, or
locally triggered
delivery platforms

15
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Figure 3. Pharmacokinetic and anatomical barriers affecting dabrafenib exposure. This figure was created using
BioRender (BioRender.com, accessed on 17 July, 2026).

5. Resistance to Dabrafenib-Based
Therapy

Resistance remains the principal limitation
to durable dabrafenib-based therapy in
BRAF V600E-positive solid tumors. It may
arise from pre-existing insensitivity,
acquired molecular alterations, adaptive
signaling, tumor-cell plasticity,
microenvironmental protection, or
insufficient drug exposure within specific
tumor compartments [3, 8, 21, 90].
Although many mechanisms were initially
characterized in melanoma, their relevance
extends across BRAF VG600E-positive
tumors, with their relative importance

determined by tumor lineage and biological
context [3-6, 91].

5.1. Intrinsic and Acquired Resistance,
Tumor  Heterogeneity, and Adaptive
Plasticity

Intrinsic resistance occurs when a BRAF
V600E-positive tumor shows limited initial
sensitivity despite the presence of the
therapeutic target. Pre-existing receptor
tyrosine kinase activity, compensatory
survival pathways, co-occurring genomic
alterations, stromal support, and
inadequate drug accessibility may reduce
dependence on BRAF signaling and
weaken the response to dabrafenib-based

16
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therapy [3, 8]. These factors vary among
tumor lineages, explaining why BRAF

V600E does not predict equivalent
therapeutic sensitivity across all solid
tumors.

Acquired resistance develops under

continued treatment pressure as residual
tumor cells adapt and repopulate the tumor.
It may result from selection of pre-existing
resistant subclones or from initially
reversible, non-genetic states that allow
cells to tolerate BRAF/MEK inhibition
before stable resistance mechanisms
emerge [8, 21, 90]. Genetic and phenotypic
heterogeneity facilitates this process: drug-
sensitive populations regress, whereas
resistant subclones and drug-tolerant
persister-like  cells  survive  through
transcriptional, epigenetic, metabolic, or
differentiation-state plasticity [21, 90].
Resistance should therefore be viewed as
an evolutionary process that progresses
from baseline insensitivity or transient drug
tolerance to stable molecular and
phenotypic escape, rather than as the
consequence of a single newly acquired
mutation.

Cell-cycle deregulation and adaptive
transcriptional rewiring may further stabilize
resistant states. CDK4 alterations, CCND1
amplification, and CDKN2A loss weaken
G1/S checkpoint control and may permit
continued proliferation despite incomplete
MAPK suppression [3, 92]. Co-occurring
alterations in PTEN, TP53, the TERT
promoter, and lineage-specific pathways
may also modify baseline sensitivity and the
route through which resistance develops [3,
8, 92]. In parallel, YAP and androgen
receptor signaling can support
transcriptional adaptation and reduced
dependence on BRAF/MEK signaling,
although the available evidence remains
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largely preclinical and melanoma-derived
[3, 8, 92].

5.2. MAPK Reactivation and Bypass
Signaling

Reactivation of MAPK signaling is a major
mechanism of resistance to dabrafenib-
based therapy. Tumor cells may restore
ERK activity through RAS activation, RAF
dimerization, BRAF amplification or
alternative isoforms, MEK alterations, and
compensatory activation of receptor
tyrosine kinases [8, 90]. Although trametinib
delays pathway recovery by inhibiting
MEK1/2, dual BRAF/MEK blockade may
st be overcome by downstream
alterations or reduced dependence on
mutant BRAF. Non-canonical signaling may
also contribute; ERK5 activation has been
associated with acquired resistance to
dabrafenib in  BRAF  V600E-mutant
melanoma cells, and combined ERKS and
MEK inhibition reduced resistant-cell
growth [93].

Resistance may also arise through bypass
pathways that maintain survival without fully
restoring canonical MAPK signaling.
Activation of EGFR, PDGFR, IGF-1R, MET,
and related receptors can stimulate PI3K—
AKT-mTOR  signaling and reduce
dependence on BRAF-MEK-ERK activity
[8, 90]. Tumor- or stromal-derived ligands
may further promote this rescue: HGF can
activate both MAPK and PI3K signaling,
whereas IGF and NRG1 predominantly
support PI3K-dependent survival and EGF
or FGF can restore MAPK output [3]. The
importance of these mechanisms varies
according to receptor expression, stromal
composition, and tumor lineage. ALDH1A1-
associated stem-like states provide another
form of bypass survival by maintaining
PI3K/AKT signaling without necessarily
restoring canonical MAPK activity [94].
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BRAF VG600E-mutant colorectal cancer
provides the clearest clinical example of
lineage-specific  feedback  resistance.
BRAF inhibition relieves ERK-dependent
negative feedback, leading to rapid EGFR
activation and renewed RAS-RAF-MEK-
ERK signaling [3, 8, 95]. Consequently,
BRAF inhibitor monotherapy has limited
activity in this setting, and effective pathway
suppression requires concurrent EGFR
blockade. This example demonstrates that
resistance is shaped not only by the BRAF
alteration itself but also by the signaling
network of the tissue in which it occurs.
5.3. Tumor-Microenvironmental
Pharmacological Resistance

The tumor microenvironment can protect
residual tumor cells during dabrafenib-
based therapy. Cancer-associated
fibroblasts, immune cells, extracellular
matrix components, hypoxia, abnormal
vasculature, and soluble mediators may
activate RTK-dependent survival pathways,
reduce effective drug penetration, and
create protective niches for cells exposed to
BRAF/MEK inhibition [3, 8, 21, 90]. Immune

and

remodeling, including regulatory T-cell
expansion, M2-like macrophage
polarization, and CD73-mediated

adenosine signaling, may further suppress
antitumor immunity and support tumor-cell
persistence under therapeutic pressure [21,
96].

Pharmacological resistance may also occur
when dabrafenib exposure is insufficient or
uneven across the tumor, even when
cancer cells remain molecularly sensitive to
BRAF inhibition. Heterogeneous perfusion,
elevated interstitial fluid pressure, hypoxia,
and variable vascular permeability can
create underexposed regions in which
residual or drug-tolerant cells survive [3,
85]. Experimental and computational
analyses have further shown that
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lipophilicity, albumin binding, systemic
clearance, and target-dissociation kinetics
may influence the depth and duration of
dabrafenib penetration into visceral lesions
[85].

This problem is particularly relevant in CNS
tumors and brain metastases, where the
blood-brain and blood—tumor barriers,
active efflux transporters, and
heterogeneous vascular permeability may
create pharmacological sanctuary sites [3,
57]. Accordingly, delivery strategies should
aim to reduce spatial underexposure,
improve  tumor- and  brain-specific
accumulation, and coordinate dabrafenib—
trametinib exposure rather than merely
increasing plasma drug concentrations [3,
57, 85].

6. Emerging Drug-Delivery Strategies for
Dabrafenib in Solid Tumors

The pharmacokinetic, anatomical, and
microenvironmental barriers that limit
dabrafenib exposure provide a rationale for
delivery strategies aimed at improving drug
solubilization, tumor-site accumulation, and
coordination with  trametinib. Current
approaches include oral formulation and
solid-state engineering, nanocarrier-based
delivery, and locoregional or co-delivery
platforms; however, most remain preclinical
and require comparison with standard oral
therapy.

6.1. Oral Formulation and Solid-State
Engineering
Oral  formulation  development  for

dabrafenib should primarily aim to improve
dissolution robustness and maintain
supersaturation rather than simply increase
overall absorption. Clinical formulation
studies have shown that capsule
composition, particle properties, and
precipitation behavior can substantially
influence systemic exposure, despite the
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high absolute bioavailability of dabrafenib
under fasting conditions [97, 98].

Crystal engineering offers one strategy for
modifying dabrafenib dissolution. Rai et al.
(2020) developed several salts and
cocrystals, among which a dabrafenib—
ethylenediamine hydrate salt showed an
approximately 11-fold higher dissolution
rate than the free drug and dissolved more
rapidly than dabrafenib mesylate at pH 1.2.
However, these findings were limited to in
vitro solid-state and dissolution analyses,
and the pharmacokinetic, stability, and
therapeutic advantages of this alternative
form remain unconfirmed [70].
Nanostructured oral formulations have also
been investigated. B-Cyclodextrin
nanosponges and PLGA-based particles
described as dabrafenib nanobubbles
produced several-fold increases in
systemic exposure after oral administration
in rats [99, 100]. Nevertheless, neither
platform demonstrated improved tumor
accumulation, MAPK-pathway inhibition, or
antitumor efficacy in a genetically confirmed
BRAF V600E-positive model. These
systems should therefore be regarded as
preliminary approaches for modifying oral
exposure rather  than established
improvements over conventional
dabrafenib formulations.
6.2. Nanocarrier-Based
Targeted Delivery
Nanocarrier-based formulations have been
explored to improve dabrafenib
solubilization and release while enhancing
cellular uptake and, in selected preclinical
models, tumor-site accumulation. Russi et
al. (2023) encapsulated dabrafenib in
approximately 10-nm  self-assembled
nanomicelles formed from an amphiphilic
dendrimer, achieving an encapsulation
efficiency of approximately 70% and a drug-
loading capacity of 27%. The formulation

and Tumor-
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showed greater drug release at pH 5.0 than
at pH 7.4 and enhanced antiproliferative
activity compared with free dabrafenib in
four melanoma cell lines [101]. However,
the study was limited to in vitro experiments
and did not assess pharmacokinetics,
biodistribution, safety, or antitumor efficacy
in vivo.

Pham et al. (2021) developed an acid-
responsive, CD47-functionalized human
serum albumin nanoconstruct for systemic
dabrafenib delivery. The approximately
220-nm formulation increased cellular
uptake, tumor accumulation, apoptosis, and
tumor-growth inhibition compared with free
dabrafenib or non-targeted nanoconstructs
in a murine melanoma  model.
Nevertheless, the B16F10 model was not
genetically validated as BRAF VG600E-
positive; therefore, the findings
demonstrate the carrier's delivery and
immunomodulatory potential but do not
directly establish improved dabrafenib
efficacy in molecularly appropriate BRAF
V600E-driven disease [102].

Overall, these studies support the potential
of nanomicellar and albumin-based
platforms to modify dabrafenib release and
tumor delivery. However, evidence remains
limited to in vitro or melanoma-focused
preclinical models, and future studies
should quantify intratumoral drug exposure
and MAPK inhibition in genetically
confirmed BRAF VG600E-positive tumors.
6.3. Locoregional and  Dabrafenib—
Trametinib Co-Delivery

Locoregional delivery and drug co-
encapsulation offer complementary
strategies for improving dabrafenib-based
therapy. Locoregional administration may
increase drug deposition in accessible
cutaneous tumors, whereas co-delivery
systems aim to coordinate the distribution
of dabrafenib and trametinib within the
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same tumor compartments. However,
evidence for both approaches remains
limited to preclinical melanoma models.

Tham et al (2018)  developed
photodynamically  active = mesoporous
organosilica nanoparticles loaded with

dabrafenib and trametinib. Microneedle
pretreatment  facilitated nanoparticle
transport across the epidermal barrier and
increased penetration into deeper porcine
skin. The integrated platform also inhibited
melanoma spheroids and improved tumor
control in an A375 xenograft model.
Nevertheless, it was not compared directly
with standard oral dabrafenib—trametinib
therapy, and its application is largely
restricted to accessible cutaneous or
subcutaneous lesions [103].

Koshrovski-Michael et al. (2024) developed
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accumulation, preserved the drug ratio
within tumor tissue, and improved MAPK-
pathway suppression, tumor-growth
inhibition, and survival compared with the
corresponding free-drug combination at
matched low doses. However, their
performance may depend on tumor P-
selectin expression, and clinical superiority
over conventional oral therapy remains
unproven [104].

Overall, these studies support locoregional
delivery and coordinated BRAF/MEK
inhibitor  co-delivery  as promising
strategies, but further evaluation requires

pharmacokinetic comparisons, systemic
safety assessment, and validation in
genetically confirmed BRAF V600E-

positive tumors beyond melanoma. As
summarized in Table 3, dabrafenib-specific

sulfate-functionalized PLGA-PEG delivery research encompasses oral
nanoparticles that co-encapsulated formulation  optimization,  nanocarrier-
dabrafenib and trametinib at a preselected based solubilization, locoregional
synergistic ratio and targeted P-selectin administration, and coordinated
expressed by melanoma cells and tumor- dabrafenib—trametinib delivery; however,
associated  vasculature. In  murine the supporting evidence remains
melanoma models, the targeted predominantly preclinical and
nanoparticles increased tumor heterogeneous.
Table 3. Dabrafenib-specific oral formulation, nanocarrier, locoregional, and
combination-delivery strategies
Delivery | Formulation/pl | Administration | Experimenta | Main Key Refere
approach | atform route | model findings limitations nce
Oral Hypromellose | Oral Randomized | Fasting, Single-dose | [97]
formulati | versus gelatin single-dose | capsule- formulation
on capsules; study in | shell study; no
optimizati | micronized patients with | composition | assessment
on Versus BRAF , and | of lesion-
nonmicronized mutation- particle size | level tumor
drug substance positive altered exposure or
tumors systemic clinical

exposure. efficacy.

Hypromello

se

prolonged

supersatura
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tion and
reduced
precipitation
of
dabrafenib
free base.
Crystal Dabrafenib Proposed oral | In vitro solid- | The No [70]
engineeri | salts and | use state and | ethylenedia | pharmacoki
ng cocrystals, dissolution mine netic,

including an studies hydrate salt | biodistributi

ethylenediamin showed an |on, safety,

e hydrate salt approximat | or efficacy
ely 11-fold | evaluation.
faster
dissolution
rate  than
dabrafenib
free base
and
dissolved
faster than
dabrafenib
mesylate at
pH 1.2.

Nanospo | Diphenyl- Oral Formulation | The No BRAF | [99]
nge carbonate- studies and | optimized V600E-
formulati | crosslinked rat formulation | positive
on beta- pharmacokin | had a mean | tumor
cyclodextrin etics size of | model; no
nanosponges approximat | tumor
ely 158 nm | accumulatio
and n, pathway-
increased inhibition, or
Cmax and | antitumor-
systemic efficacy
exposure data.
relative to
free
dabrafenib.
Nanobub | PLGA-based Oral; Formulation | The No [100]
ble dabrafenib ultrasound- studies and | optimized genetically
formulati | nanobubbles responsive rat particles confirmed
on release pharmacokin | were BRAF
evaluated in | etics approximat | V60OE-
vitro ely 191 nm | positive
and tumor
increased model; no
Cmax and | demonstrati
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systemic on of
exposure improved
after  oral | tumor
administrati | delivery or
on in rats. therapeutic
efficacy.
Nanomic | Self- In vitro Four Approximat | No in vivo | [101]
ellar assembled melanoma ely 10-nm | pharmacoki
delivery amphiphilic cell lines micelles netic,
dendrimer improved biodistributi
nanomicelles dabrafenib | on, safety,
solubilizatio | or efficacy
n, showed | assessment
greater
release at
pH 5.0 than
at pH 74,
and
enhanced
antiprolifera
tive activity
relative to
free drug.
Protein- | Acid- Systemic B16F10 The carrier | B16F10 [102]
based responsive, murine increased tumors
nanocarri | CD47- melanoma cellular express
er conjugated model uptake, wild-type
human-serum- tumor rather than
albumin accumulatio | V60OE-
nanoconstruct n, and | mutant
tumor- BRAF;
growth therefore,
inhibition the study
relative to | does not
free directly
dabrafenib. | validate
dabrafenib
delivery in
BRAF
V600E-
positive
disease.
Locoregi | Microneedle- Topical/locore | Porcine skin, | Microneedl | No direct | [103]
onal assisted topical | gional with | melanoma e comparison
multimod | delivery of | near-infrared spheroids, pretreatmen | with
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delivery Iy active xenografts penetration | oral
Mesoporous into deeper | dabrafenib-
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nanoparticles the therapy;
loaded with integrated applicable
dabrafenib and platform mainly  to
trametinib combined accessible
BRAF/MEK | cutaneous
inhibition or
with subcutaneo
photodyna | us lesions;
mic individual
cytotoxicity | contribution
and of enhanced
improved dabrafenib
tumor delivery was
control. not isolated.
Targeted | Sulfated, P- | Intravenous Murine and | The Preclinical [104]
combinati | selectin- human nanoparticl | evidence
on co- | targeted melanoma es only;
delivery PLGA-PEG cell lines and | increased performanc
nanoparticles D4M.3A tumor e may
co- murine accumulatio | depend on
encapsulating melanoma n, tumor P-
dabrafenib and models maintained | selectin
trametinib the initial | expression
drug ratio in | and vascular
tumor distribution;
tissue, and | clinical
improved superiority
MAPK over oral
suppression | therapy is
, tumor- | unproven.
growth
inhibition,
and survival
relative to
free drugs
or
nontargeted
particles at
matched
low doses.

7. Future Directions and Translational
Priorities

Clinical translation of dabrafenib delivery
systems requires evidence of improved
tumor-site exposure and MAPK-pathway

inhibition compared with standard oral
therapy. Future studies should also address
formulation reproducibility, scalable
manufacturing, biodistribution, clearance,
chronic toxicity, immunological effects, and
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off-target accumulation, because preclinical
antitumor activity alone does not ensure
clinical feasibility or safety [105].

Next-generation RAF inhibitors may
address resistance mechanisms or
molecular contexts that are poorly

controlled by conventional BRAF V600-
selective inhibition. Tovorafenib, a type I
RAF inhibitor, demonstrated clinically
meaningful activity in relapsed or refractory
BRAF-altered pediatric low-grade glioma in
the FIREFLY-1 trial [59]. The investigational
brain-penetrant pan-mutant BRAF inhibitor
PF-07799933 also produced systemic and
intracranial responses in heavily pretreated
patients with BRAF-mutant cancers,
including  tumors  with  dimerization-
associated resistance [39]. However, these
agents should not be considered universal
replacements  for  dabrafenib; their
relevance depends on the exact BRAF
alteration, resistance mechanism, tumor
lineage, treatment history, and anatomical
site of disease.

Future combination strategies should
likewise be selected according to tumor
biology. In BRAF V600E-mutant colorectal
cancer, combined PD-1, BRAF, and MEK
inhibition with spartalizumab, dabrafenib,
and trametinib demonstrated proof-of-
concept activity but remains investigational
and should not replace established BRAF—
EGFR-based treatment strategies [67].
More broadly, treatment selection should
integrate BRAF mutation class, fusions, co-
occurring alterations, resistance pathways,
and tissue-specific drug accessibility. Next-
generation sequencing and, where
sufficiently validated, longitudinal
circulating tumor DNA analysis may support
treatment selection and early resistance
monitoring [67]. Thus, future improvement
of dabrafenib-based therapy will require
coordinated consideration of molecular
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context, resistance biology, delivery
performance, and tumor-site accessibility.
8. Conclusion

The clinical activity of dabrafenib,
particularly in combination with trametinib,
confirms BRAF V600E as an important
therapeutic target across multiple solid
tumors. Nevertheless, mutation status
alone does not determine the magnitude or
durability of response. Tumor lineage, co-
occurring alterations, adaptive signaling,
microenvironmental protection, and lesion-
level drug exposure collectively shape
therapeutic outcome. Pharmacokinetic and
tissue-distribution barriers may further

generate poorly exposed tumor
compartments in which residual or drug-
tolerant cells persist. Emerging
approaches, including solid-state
engineering, nanocarriers, locoregional
administration, and coordinated
dabrafenib—trametinib  co-delivery, offer

potential means of improving drug
availability, but their clinical advantage over
standard oral therapy remains unproven.
Future studies should therefore employ
molecularly appropriate tumor models,
directly  quantify  intratumoral  drug
concentrations and MAPK inhibition, and
compare new formulations with current
treatment standards. Ultimately, durable
improvement in dabrafenib-based therapy
will require an integrated framework that
aligns molecular selection and resistance
profiling with tumor-specific pharmacology
and drug-delivery performance.
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BRAF V600E-POZITIV SOLID SISLORD® DABRAFENIB: REZISTENTLIK, KLINIK TOTBIQLSR
VO DORMAN CATDIRILMA STRATEGIYALARI
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Xulasa

Dabrafenib, xuUsusile trametinib ile kombinasiyada, BRAF V600E-pozitiv bir sira solid sislerin
mualicasinds artiq tesdiglanmis hadaflonmis terapiyadir. Bununla bels, mualicaysa cavabin daracasi ve
davamliligi sis néviunden asili olaraq shamiyyatli deracada dayisir. Bu icmalda dabrafenib asasli
terapiyanin  molekulyar esaslari, klinik tstbigleri, rezistentlik mexanizmlari, farmakokinetik
mahdudiyyatleri va inkisaf etmakda olan derman c¢atdirilma strategiyalari Gmumilagdirilir.

Mdaalicanin naticasina yalniz BRAF VG600E statusu deyil, hamginin sisin mansayi, yanasi mdvcud olan
genomik dayisikliklar, reseptor tirozin kinazalarinin aks-slaga mexanizmlari, mikroatraf muhit signallari
va darmanin ayri-ayri lezyonlarda ekspozisiyasi tasir gosterir. Rezistentlik MAPK yolunun yenidan
aktivliesmasi, PI3K/AKT alternativ signal étlrilmasi, hliceyre plastikliyi, sis heterogenliyi, stromal
goruyucu tasirler ve farmakoloji cehatdan kifayat gader ekspozisiyanin olmamasi vasitasils inkisaf edir.
Dabrafenibin effektivliyi pH-dan asili halloima, gida gabuluna hassas sorulma, CYP vasitegiliyi ilo
metabolizm, autoinduksiya, darman garsiliglh tesirleri, beyine mahdud paylanma ve sisdaxili toxumaya
geyri-barabar nifuzetms ile daha da mahdudlasir. Berk hal modifikasiyasi, nanostrukturlu formulasiya,
hadeflonmis nanodasgiyicilar, lokoregional tetbiq ve dabrafenib—trametinibin koordinasiyali gokilda
catdinimasi preklinik tedqigatlarda Umidverici naticelar gdstermisdir. Lakin onlarin standart oral
terapiyadan ustunluyinu tesdiglayan subutlar hele de mahduddur.

Melanoma, agciyar, qalxanabanzar vaz, 6d yollari, kolorektal ve markazi sinir sistemi sislari tzre klinik
naticaler gosterir ki, BRAF V600E muhum terapevtik hadef olsa da, mualicedan faydani mustaqil
sokilda prognozlasdirmaq Ugtin kifayat etmir. Buna gére de mualicenin optimallasdiriimasi molekulyar
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secim, rezistentlik profilinin muayyenlasdiriimasi ve dermanin ayri-ayri lezyonlarda ekspozisiyasini
birlesdiran sisa spesifik yanasma telab edir.

Acar sézlar: Dabrafenib, BRAF V600E, solid sig, dermana rezistentlik, nanoderman g¢atdiriimasi

OABPA®EHUB TMMPU COJNIMAOHBIX ONMYXOJNAX C BRAF V600E-MOJIOXKUTESNIbHbIM
CTATYCOM: PESAUCTEHTHOCTb, KIMHWYECKOE NPUMEHEHUE U CTPATEIMA OOCTABKH
JNNEKAPCTBEHHbIX NMPENAPATOB

Fatemeh Dodangeh’, Sara Azizi?, Maryam Ebrahimi®, Mahsa Javan* Aziz Eftekhari °*

' @akynbmem 6uornoaudeckux Hayk, VIicmumym rnepcriekmueHbIx uccriedogaHul e obnacmu
yHdameHmarbHbIx HayK, 3eHOxaH, YpaH

2 @akynbmem buornoau4veckux Hayk, lHcmumym nepcrnekmueHbix uccredosaHull 8 obracmu
yHdameHmarbHbIx HayK, 3eHOxaH, YpaH

3 akynbmem buorioeu4yeckux Hayk, YHusepcumem Xapa3smu, TezepaH, VpaH

4 @akynbmem hapmayuu, Tebpusckuli yHusepcumem meduyUHCKUX HaykK, Tebpus, NpaH

5 Kaghedpa buoxumuu, chakyrnbmem ecmecmeeHHbIX Hayk, YHueepcumem 3ee, Namup, 35040,
Typuusi

* [ns koppecrnioHdeHuuu E-mail: eftekhari.aziz@gmail.com

Pestome

[HabpadeHnd, ocobeHHO B KOMOWHAUUM C TpaMeTMHMOOM, SABNSETCA MNPU3HAHHOW TapreTHOn
Tepanven ana nedeHus pgga BRAF  V600E-nonoXutenbHbIX COMMAHBIX  OMyXornien, XOTS
BbIP@XEHHOCTb W NPOOOIMKUTENBHOCTL OTBETA Ha fleyeHMe 3HauYuTeNbHO pasnuyalTcs B
3aBUCMMOCTM OT Tuna onyxonu. B Hactosiwem o63ope 0600LWeHbl MornekynspHoe 060CHOBaHME
npuMmeHeHus pabpadeHnba, ero KIMHUYECKOEe UCNONb30BaHWE, MeXaHW3Mbl PE3NCTEHTHOCTH,
(bapMaKOKUHETUYECKME OrpaHMYEHNss U MNEepCrneKkTUBHble CcTpaTerMm [AOCTaBkM npenapaTos.
Pesynbtatbl neyeHus onpepensioTca He Tonbko ctatycom BRAF V600E, HO u TkaHeBbiM
NPOUCXOXOEHMEM OMYXOMnW, COMYTCTBYIOLLUMU FEHOMHBIMU U3MEHEHNSMWN, MEXaHU3MaMn obGpaTHON
perynauun peuenTopHbiX TUPO3UHKMHA3, CUTHANbHBIMWU NPOLEecCaMmmn B MUKPOOKPYXXEHMN ONyXOmv U
YPOBHEM BO3AEWNCTBUS npenaparta HENoOCPeACTBEHHO B o4vare nopaxeHusl. Pe3ancTeHTHOCTb
pas3BuMBaeTCH BCneacTane peaktmsauyun curHansHoro nytn MAPK, o6xogHowm akTnBaumm curHanbHOro
nytm PISK/AKT, KkneTto4HOM nNacTUYHOCTW, BHYTPUOMYXONEBOW rEeTEPOreHHOCTHN, 3aluTHOro
BO34ENCTBUA CTPOMbl M HeAoCTaTouHOW (hpapmakonormdeckonm akcnosmumn. AEPEeKTUBHOCTb
AabpadeHnba oONONHUTENBHO OrpaHNYMBaEeTCs 3aBUCMMOK OT pH pacTBOPUMOCTLIO, 3aBUCALLUM OT
npuema nuK BcacbiBaHWeM, MeTabonuaMmom, onocpenoBaHHbiM cuctemon CYP, ayTouHOyKUMEN,
NeKapCTBEHHbIMM  B3aMMOAEWNCTBUAMM, OrpaHUYEHHbIM MNPOHWKHOBEHMEM B TOfIOBHOMW MO3r W
HeOAHOPOAHbIM pacnpeaeneHnemM npenaparta B TKaHU OMyXonu.

Mogudukauunsa TBEpOoN NekapCTBEHHOM (POPMbI, HAHOCTPYKTYPUPOBaHHLIE NeKapCTBEHHbIE POPMbl,
TapreTHble HaHOMEePEHOCYMKN, FOKanbHO-pErMOHapHoOe BBEAEHME W COrflacoBaHHas [AocTaBka
pabpadgeHnba n TpameTuHMba NPOLEMOHCTPUPOBANN NEPCNEKTUBHbIE AOKIMHUYECKME pe3ynbTaThl,
OQHaKO OokasaTenbCTBa UX MPEBOCXOACTBA Hag CTaHAAPTHOW nepopanbHOW Tepanuen ocTakTcs
orpaHnyeHHbiMU. KnnHudeckne gaHHble, NOfyYeHHbIE NMPU NeYeHnn MenaHoMbl, paka Nérkoro, paka
LLMTOBUOHOW Xeneabl, ONyX0Sen XKenyHbIX NyTen, KONMOPEKTaNnbHOIro paka u onyxonen LeHTpanbHON
HEepBHOW cucTeMbl, cBuaeTenbcTByloT 0 ToMm, YTo BRAF V600E npencraenser cobon BaxHyHO
TepaneBTUYECKY0 MULLEHb, OAHAKO ero Hanudne camo no cebe HeJOCTaTOYHO 4SS MPOrHO3MPOBaHUS
3P (PEKTMBHOCTM NeHEHMSI.
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Takmm 06pasoM, onTuMmnsauuna Tepanmm Tpe6yeT nHanMBnayanm3npoBaHHOro nogxona c y‘-IéTOM TMNa
onyxonu, o6beauHAILWEro MONEeKynsapHbIn OTOOP nauueHToB, npodmnMpoBaHne MexaHU3MOB
PE3NCTEHTHOCTU N OLUEHKY YPOBHA BOSD,GVICTBI/IH npenapara HenocpeacTtBeHHO B ONyXoJ1eBOM o4are.

Knroyeenlie cnoea: OJdabpagpeHub, BRAF V600E, conudHass oryxonb, JieKkapCcmeeHHas!
pe3ucmeHmMHOCMb, HAHOOOCMasKa fieKapCmaeeHHbIX rpenapamos
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MACROPHAGE MIGRATION INHIBITORY FACTOR: CHEMICAL
STRUCTURE, FUNCTIONAL PROPERTIES AND ITS ROLE AS A
CYTOKINE IN DISEASES

Aliyarbayova A. A."" Hasanov I.A.2, Unal G.3, Cinar-Asa S.*

Abstract

Macrophage Migration Inhibitory Factor (MIF) is a multifunctional cytokine that plays a pivotal role in
immune regulation, inflammation and disease pathogenesis. Unlike classical cytokines, MIF exhibits
unique structural and biochemical properties, including enzymatic activity and non-classical secretion,
enabling rapid immune responses. This review aims to provide a detailed overview of the molecular
structure, biosynthesis, signaling pathways, functional properties and pathophysiological roles of MIF,
with a focus on its therapeutic potential. A narrative synthesis of current literature conducted integrating
findings on MIF structure, receptor-mediated signaling, immune functions and involvement in various
diseases, as well as also analyzed recent advances in therapeutic targeting and biomarker
applications. MIF regulates key signaling pathways, including MAPK/ERK, PI3K/Akt, and NF-kB,
influencing inflammation, cell survival and immune responses. It plays critical roles in physiological
processes such as host defense, tissue repair and immune homeostasis. Dysregulation of MIF
contributes to inflammatory, autoimmune, metabolic, cardiovascular, infectious diseases and cancer.
Emerging therapies targeting MIF, including small molecule inhibitors and monoclonal antibodies,
demonstrate promising clinical potential. MIF serves as a central mediator linking immune regulation
with disease progression. Despite its therapeutic promise, challenges related to its multifunctionality
and complex signaling networks remain. Future research should focus on targeted interventions and
precision medicine approaches to optimize MIF-based therapies.

Keywords: Macrophage migration inhibitory factor, cytokine signaling, inflammation, immune
regulation, therapeutic targeting

INTRODUCTION inflammation and apoptosis. The cytokines
Cytokines are an eclectic family of are significant in the process of interaction
miniature signal proteins that are central to between immune or non-immune cells in
the regulation of immune actions, as well as order to synchronize the reply to infection,
to physiological homeostasis. They are harm and stress. However, the asymmetry
engaged in numerous biological processes, in the generation or release of cytokines
such as cell proliferation, differentiation, significantly attributed to the development

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
R License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
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indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your

Pyt intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
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of other pathological disorders, including
chronic inflammatory diseases,
cardiovascular issues and cancer [1].
Because of the intricacy of the cytokine
networks and their pleiotropicity, cytokines
are the focus of both the health and the
diseases and accumulating evidence is
linking the existence of circulating
inflammatory mediators to the risk and
progression of cancers [2].

Macrophages are one of the greatest
providers of cytokines in the body and they
are crucial to the immune system control.
These are very plastic cells that respond to
the environmental cues and can take
different functional phenotypes depending
on the physiological or pathological
circumstances. Macrophages are involved
in the host defense, repair process and
homeostasis of inflammatory processes in
tissues. They can coordinate the
recruitment or activation of immune cells
due to cytokines and chemokine. One of the
major pathogenesis of such chronic
respiratory illnesses as chronic obstructive
pulmonary disease is a macrophage
functional alteration [3]. Furthermore, such
chemokine as CXCL8 and CXCL12 show
the complexity of the cytokine signaling
pathways as they regulate the circulatory
leukocytes and define the pathogenesis of
some diseases [4].
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Among the cytokines that initially identified

is the so-called Macrophage Migration
Inhibitory Factor (MIF) that holds a niche in
the field of immunology. In 1960, MIF was
initially defined as the soluble factor that
was released by activated T lymphocytes
and inhibited the macrophage migration,
initially associated with delayed-type
hypersensitivity reactions [5, 6]. Over time,
it has been determined that MIF is
developed by tremendous masses of cells

incorporating macrophages, T cells,
epithelial cells and endocrine cells.
Compared to a number of classical

cytokines, MIF constitutively expressed,
accumulated within cells, extremely rapidly
released in response to stress or
inflammatory stimuli. MIF has structural and
functional differences with the majority of
other cytokines. It is also multifunctional
because it possesses an enzymatic activity
along with cytokine-like activities [7]. MIF
can regulate immune response by binding
to such receptors as CD74 receptor and
chemokine receptor that consequently
causes vital intracellular  signaling
pathways to become active. The pathways
participate in the control of inflammation,
cell division and survival, therefore, the
primary role of MIF in the immune system
regulation. Moreover, MIF is the only one
that has the capacity to prevent
glucocorticoids' immunosuppressive
effects while maintaining inflammatory
responses even on the condition of
regulation [8].

The biological significance of MIF also
supported by the fact that MIF plays a role
in numerous diseases. MIF levels observed
to be high in inflammatory and autoimmune
diseases such as rheumatoid arthritis and
systemic lupus erythematous, where it
identified in the cause of chronic
inflammation and tissue destruction [9].
Additionally, macrophages mediate
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inflammatory processes that are significant
in cardiovascular diseases and cytokine-
mediated signaling pathways influence the
emergence of the disease and therapeutic
target treatment [10]. Because of its
multifunctional character and its
fundamental position in the pathogenesis of
diseases, MIF has become a possible
treatment target. Additional research that is
underway is also trying to explain its
molecular structure, signaling cascades
and interactions with other cytokines in
order to develop certain therapeutic
interventions. The review at hand attempts
to provide a better description of the MIF, its
chemical construction, and functionalities
and how participated as a cytokine in
disease. One of the purposes of the review
is to introduce the importance of MIF in
physiological and pathological processes,
how translated into the synthesis of
available information regarding the
molecular character and the biological
activity of this substance and determining
the way of research in the future.

The Macrophage Migration Inhibitory
Factor (MIF) is a structurally conserved
cytokine that has unique biochemical and
molecular features that distinguish it among
classical cytokines. It is a gene that is found
as chromosomes 22 and manifests in many
immunological and non-immune cells. MIF
is a small protein that is enzymatically
active and has a distinctive trimeric
structure, which allows to interact with
receptors and to transmit a signal. The
secretion of it is not classical and
multifunctional making it so important in
immune regulation, inflammation, and
pathogenesis of diseases.

The gene MIF, or macrophage migration
inhibitory factor, is on the chromosome 22
(22911.2) which expressed constitutively in
a broad immune and non-immune cells. Itis
quickly induced in reaction to inflammatory
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and stress-related conditions, which
emphasizes its role in immunological

processes and pathogenesis of diseases.
MIF is a low-sized protein made up of 114
amino acids and its molecular mass is
about 12.5kDa [7]. It is interesting to note
that it does not have a classic signal peptide
and it is released through a non-classical
pathway. MIF strongly conserved in all the
species, which means that it plays an
essential role in evolution in terms of
immune regulation and cellular
communication [11]. The crystallographic
studies have been used to elucidate the
three-dimensional configuration of MIF,
which is a homotrimeric structure
composed of three different subunits.
These three-fold structures create a central
channel, which is very vital in its biological
action and in relations with receptors. The
structural organization facilitates the work
of MIF in immune signaling and
inflammatory mechanisms. The monomers
are bound at the interface and the catalytic
sites are found with Proline-1 (Pro-1) being
one of the active residues. These regions of
the active site promote both the enzymatic
activity and functional versatility of the
protein and facilitate its role in immune
regulation and disease processes [12].

MIF has unique biochemical properties,
such as tautomerase enzyme activity,
which unlike most classic cytokines
distinguishes it. There is still no clear
understanding of the nature of the
physiological contribution of this activity,
but it presumed that it has a role to play in
its pro-inflammatory activities. Moreover,
MIF has an effect on the macrophage
activation and polarization, as a result on
the immune responses and the
inflammation. The multifunctionality of its
enzymatic and cytokine-like characteristics
complement each other. These
biochemical characteristics also support
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the dual nature of MIF as a signaling the immune modulation and
molecule and an enzyme, which is pathophysiology [13].

important to emphasize its importance in
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Figure 1. Schematic diagram shown the features of MIF.

Figure 1 illustrates the main structural and
biochemical properties of MIF such as its
gene and protein properties, three-
dimensional structure that is homotrimers
and its enzymatic properties. It emphasizes
the preserved amino acid structure,
catalytic positions like Pro-1 and its
involvement in the pro-inflammatory and
macrophage activation effects as a non-
standard chemokine and immune regulator.
Produced by a large diversity of immune
cells and MIF are likewise tightly controlled
at the transcriptional or post-transcriptional
levels in non-immune cells. In contrast to
classical cytokines, MIF is not stored in

vacuoles of the cell walls, but is released
via a non-classical secretion pathway (in
response to infection, hypoxia, and
inflammation). It is released rapidly and is
thus able to induce early immune signaling.
The role of MIF production and secretion in
inflammatory and immune-mediated
conditions, as well as dysregulation in
functions of play a key role in immune
homeostasis and pathophysiology. MIF
secretion and regulation is a closely
regulated process that requires a number of
cellular sources and stimuli as illustrated in
Table 1.

Table 1: Molecular Mechanisms Governing MIF Biosynthesis and Secretion

Biological L

9 Description Reference
Process
Cellular Sources | Immune and non-immune cells; predominantly macrophages [14]
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. Transcriptional and post-transcriptional control by inflammato
Regulation . P P P y i [15]
mediators
Secretion Non-classical release from intracellular stores [16]
Stimuli Infection, hypoxia, oxidative stress, inflammation [17]
Role Cytokine production and leukocyte recruitment [18]

The major processes involved in the MIF
biosynthesis, control, and secretion
summarized in Table 1, which briefly
presents its cellular location, regulatory and
release pathways. These processes further
discussed in the following subsections and
illustrated how they contributed to immune
regulation and pathogenesis of diseases.

Macrophage Migration Inhibitory Factor
(MIF) is a ubiquitous expression in both
macrophages, T lymphocytes, dendritic
cells, epithelial cells, and other
immunological, as well as non-immune
cells of endocrine tissues. Among them, the
most important source is macrophages
since the latter are at the center of immune
surveillance and inflammatory processes.
The wide cellular localization of MIF also
indicates the significance of MIF in the
coordination of innate and adaptive
immunity. The rapid mobilization of immune
challenges is made possible by its
constitutive expression which enables it to
respond quickly to stress and infection. The
prevalence of this indicates the role of MIF
in physiological control as well as the
pathogenesis of diseases, especially those

involving inflammatory and immune-
mediated mechanisms [14].
MIF  both transcriptional and post-

transcriptional levels of expression are
tightly controlled stage so maintained an
equal immune response. Other cytokines
and especially interleukin family members

38

are also important in regulating the
expression of MIF gene using complicated
signaling pathways. MIF is improved
quickly by inflammatory pathways, such as
those induced in infection or tissue
damage. This control mechanism enables
immune cells to react effectively to external
stimuli and at the same time achieve
homeostasis. Nonetheless, the disorders in
the regulation of these pathways may lead
to overproduction of MIF that causes
persistent inflammation and the emergence
of the disease. Therefore, it is crucial to
regulate MIF expression to avoid excessive
or insufficient immune responses and avoid
pathological consequences [15].

In contrast to the classical cytokines, MIF
released through a non-classical pathway,
which  circumvents the endoplasmic
reticulum- Golgi apparatus. Rather it is
accumulated in ready intracellular pools
and is released immediately in response to
stimulation. This special secretion system
allows MIF to perform the role of an early
communicator in immune responses
allowing instant communication between
cells. There is also the lack of a signal
peptide which makes MIF unlike classical
secretory proteins. Quick the activation of
inflammatory pathways and immune cell
responses can be achieved by rapid
release of MIF. The non-conventional
approach of secretion also increases its
utility in the functional sense and
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emphasizes its significance as a key
regulator of acute and chronic inflammatory
states [16].

The release of MIF provoked by numerous
stimuli, among which mentioned microbial
products, hypoxia, oxidative stress and
inflammatory signals. These stimuli cause
immune cell activation and the massive
release of MIF into the extracellular space.
Also, chemokine binding and receptor-
mediated signaling pathways play a role in
controlling MIF release, which is indicative
of its incorporation into larger immune
networks. The implication of cytokines and
chemokine interaction on the coordination
of immune responses emphasized by the
role of chemokine systems. This release
process, which triggered by the presence of
stimuli, makes sure that MIF released
during severe immune ones, which allows a
proper response to pathogens and affects
the process of inflammation [17].

MIF secretion is one of the essential factors
in the etiology of several inflammatory and
immune mediated illnesses. As an
upstream  regulator, MIF increases
inflammatory cascades through stimulation
of production of cytokines and recruitment
of leukocytes. It is an important mediator of
the disease progression due to its capacity
to connect cellular stress signals with
immune activation. High levels of MIF are
linked with chronic inflammatory diseases,
in which recurrent stimulation of immune
systems results in the destruction of tissue.
MIF has therefore attracted interest as an
attractive therapeutic target. It is necessary
to comprehend its dynamics of secretion
and regulation in order to create specific
interventions that would allow regulating
excessive inflammation and achieve better
clinical outcomes [18].

Receptors and Signaling Pathways.
Macrophage Migration Inhibitory Factor
(MIF) has its living actions by binding to
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certain cell surface receptors, usually the
CD74 receptor; commonly conjugated with
other receptors like CD44 and chemokine
receptors. These interactions promote
various intracellular signaling pathways
such as MAPK/ERK, PI3K/Akt and NF-kB
that control cell survival, cell proliferation
and inflammatory response. MIF alters
immune cell activation, cytokine production
and gene expression via these signaling
pathways and is a key mediator of
physiological regulation, as well as of
disease development [19]. MIF has
biological actions that counteract through
engagement with distinct cell surface
receptors, predominantly CD74, which has
the high affinity binding receptor. CD74 also
has a tendency to bind with co-receptors
such as CD44 to mediate signal
transduction and the resultant cellular
responses. In addition, MIF also interacts
with chemokine receptors and can be an
uncharacteristic  chemokine, including
CXCR2, CXCR4, and CXCR7, which
mediate the formation of immune cells and
inflammatory processes [20]. MIF and its
receptors have a relationship that is crucial
to the immune system regulation and
pathogenesis. On the one hand, these
receptor complexes activate several
signaling pathways that influence the
macrophage behavior including migration,
activation and polarization. The MIF role in
leukocyte traffic and inflammatory response
enhanced by the activity of chemokine
receptors; ties the interaction of receptors
with immune control processes to a larger
scale that observed in autoimmune and
inflammatory diseases [21]. The binding of
MIF triggers a number of intracellular
signaling pathways in response to its
receptors, including the MAPK / ERK
cascade that regulates cell proliferation,
differentiation and survival. The pathway
plays a vital role in the mediating process of



Aliyarbayova A.A., Hasanov i.A., Unal G.  ATU Jurnali

inflammatory responses and immune cell

activation.
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Figure 2: Schematic Diagram Shown Interaction of Receptor-Mediated Signaling

Network of MIF

As shown in Figure 2, MIF can interact with
cell surface receptors, such as CD74, CD44
and chemokine receptors (CXCR2,
CXCR4, CXCRY7), triggering the activation
of MAPK/ERK, PI3K/Akt, and NF- kB
pathways. All these signaling cascades
control production of cytokines, cell survival
and immune response and eventually
leading to inflammation, macrophage
activation and disease progression. The
amplification of cytokine production and the
overall enhancement of the immune
process are signaling facilitated by MIF,
which occurs in case of illnesses [22]. MIF
also initiates PI3K/Akt pathway that
enhances cell survival and resistance to
apoptosis. It also leads to the activation of
NF-KB pathway that is a significant
regulator of inflammatory expression of
genes. It reported that MIF interacts with
the tumor suppressor protein - p53 and
reduces its functions and, therefore, results
in cell survival and proliferation under
stressful conditions [23]. The clinical
implication of the MIF involvement in these
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signaling pathways is of significance
particularly in cancer and inflammatory
diseases. MIF is an emerging possible
therapeutic target. These are MIF-
neutralizing antibodies, the presence of
which in clinical studies has demonstrated
the possibility to control the progression of
the disease and improve the therapeutic
outcomes of patients with advanced
malignancies [24].

MIF's function in innate immunity is it
regulates the activation of macrophages
the phagocytic function and the cytokine
generation process. It enhances the
reaction of the innate immune cells to
respond rapidly to the pathogens and stress
signals. Furthermore, MIF influences the
macrophage polarization to a pro-
inflammatory one that needed to protect the
host but may eventually result in the
emergence of the disease in case of a
chronic disease [25]. MIF in adaptive
immunity controls the T-cell activation,
proliferation and differentiation thereby
determining antigen specific immune
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response. It aids in the preservation of the
immune activation through the regulation of
cytokines production and the lymphocytes
recruitment. MIF also plays a role in
preserving immune memory as well as
augmenting of the inflammation signaling.
The regulatory issues of such processes
also can result in the emergence of chronic
inflammatory diseases and immune-
mediated pathology [26].

Macrophage Migration Inhibitory Factor
(MIF) has a wide range of functional ability
that spans over immunological,
inflammatory, hormonal and enzymatic
functions. It has a crucial part in the control
of innate and adaptive immune responses,
in the regulation of macrophage activity, T-
cell functions and cytokine production. MIF
is also a strong pro-inflammatory mediator,
which increases immune signaling and
leukocyte recruitment. It also overcomes
immunosuppression caused by
glucocorticoids, and it is enzymatic which
demonstrates that it is multifunctional in
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keeping the immune balance and is a part
of disease pathogenesis [8].

MIF is a powerful pro-inflammatory cytokine
that regulates other inflammatory mediator
production and release. It enhances the
manufacture of cytokine such as TNF- a, IL-
1, and IL- 6 that enhances the inflammatory
processes. MIF is an upstream mediator of
the inflammatory process, which is part of
the disease process of the condition
showing hyperirritable immune reactions
[27]. MIF also plays a role in the process of
cell recruitment of the leukocytes because
it recognizes with the chemokine receptors,
and helps in the movement of the cells into
the inflammatory areas. It elevates the
adhesion molecule expression and there is
trafficking of immune cells. These functions
are fundamental to effective immune
responses but at excessively elevated
leukocyte recruitment, tissue destruction
and  chronic inflammation  ensues
particularly in autoimmune disease and
other degenerative diseases [28].

Table 2: Functional Roles of MIF in Immune and Inflammatory Processes

Category Function Role Description Reference
Immunological .Innate. Ma_crophage Enhapoesphago_cytoasand 25]
immunity activation cytokine production
. Controls activation,
. Adaptive . . . .
Immunological . ) T-cell regulation | proliferation, and immune | [26]
immunity
memory
Pro-inflammatory | CY!°Kine Amplification | —Pregulates TNF-a, IL-18, | -,
signaling IL-6
Pro-inflammatory Leukgcyte Migration P romotes adhgspn and [28]
recruitment immune cell trafficking
Counteracts
, o Immune . .
Hormonal/Enzymatic | Dual activity : glucocorticoids; enzymatic | [29]
modulation .
functions

Table 2 outlines the key functional activities
of MIF in immunological, pro-inflammatory
and enzymatic fields. This table gives a
brief idea about its various biological
activities, and the further subsections below
discuss these functions in detail with
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highlighting their importance in immune
regulation and diseases progression.

MIF represents certain peculiar hormonal
actions since it counter-regulated by the
immunosuppressive effect of
glucocorticoids. In spite of the fact that
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glucocorticoids should prevent
inflammation, MIF is dominant and it

continues to keep the immune system
active despite control. This aspect renders
MIF one of the distinctive cytokines and
highlights its contribution to maintaining
inflammatory reactions, especially in the
stressful circumstances and chronic
diseases [29]. Enzymatic processes are
also present in MIF including the
tautomerase process and oxidoreductase
process, hence, this protein can be used as
a multifunctional protein in cell processes
(Table 2). Although the exact physiological
functions of these enzymatic properties are
under current investigation, it is believed
that they influence inflammatory signaling
as well as the cell metabolism. These
biochemical features also reiterate the
duality of MIF as a cytokine and an enzyme
in the body in terms of immunological
regulation.

Macrophage Migration Inhibitory Factor
(MIF) is a critical factor in host defense in
order to orchestrate the action of innate
responses as well as to increase the activity
of immune cells, especially macrophages. It
helps in quick immune reactions to
pathogens and stress systems thus making
sure that there are strong defense
mechanisms. MIF is also involved in fine-
tuning of inflammatory processes, ensuring
the balance in effective immune response
and avoiding the over damage of tissue.
MIF mediates the interactions between
immune  surveillance and controlled
inflammation by coordinating the
production of cytokines and activation of
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immune cells, which helps to maintain

physiological stability and immune
homeostasis in the normal condition [30].
The Macrophage Migration Inhibitory

Factor (MIF) is also very important in many
processes that occur in the body as it
controls immune reactions, cell survival and
tissue stability (Figure 3). It is useful in host
defense as it increases innate immunity and
suppresses inflammation. MIF promotes
cell survival and proliferation by activating
major signaling pathways as well. Also, it
participates in  tissue repair and
regeneration by regulating the activity of
immune cells and the production of
cytokines. The significance of its
involvement in the macrophage polarization
and immune balance makes it significant in
the sustenance of normal physiological
functions.

MIF has a considerable impact on cell
proliferation and survival, activating cell
survival promoting and apoptosis inhibitory
signaling pathways. These mechanisms
are vital towards the maintenance of the
role of immune and vascular cells,
especially during physiological stress. MIF
controls smooth muscle cell behavior in
vascular tissues and helps to remodel the
structure, which is essential in ensuring the
integrity of the vessels. With the help of
these ways, MIF helps adaptive cells
responses and secures the functionality of
the tissues. The importance of it in the
control of survival pathways makes it
relevant in maintaining physiological
homeostasis and cellular defense against
the damage caused by stress [31].
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Figure 3: Schematic diagram shown the Role of MIF in Physiological Processes

Figure 3 illustrates that the MIF controls the
major physiological processes such as host
defense, immune control, cell growth and
survival. It helps to repair tissue, sustain
vascular activity as well as polarize
macrophages and keep immune balance.
With such coordinated efforts, MIF is at the
center of tissue homeostasis and the
adaptation to physiological stress. The MIF
plays other roles, which explained further in
the subsection.

MIF is a protective molecule that regulates
the inflammatory reaction and cells
regeneration after injury through repairing
tissues. It improves the healing by
regulating the production of cytokine and
functions of immune cells, hence reduces
tissue damage. Under acute injury to the

kidney, MIF has shown protective
properties in inhibiting cell injury and
promoting regeneration. The functions

show how it promotes tissue resilience and
tissue recovery. MIF promotes
physiological healing and repair processes
by balancing the elements of inflammation
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and repair, as well as normal tissue
architecture restoration [32].

MIF is a major mediator of macrophage

polarization, which affects the pro-
inflammatory (M1) to anti-inflammatory
(M2) polarization. This homeostatic

equilibrium is necessary in keeping the
immune homeostasis and repairing tissues.
MIF controls the macrophage plasticity to
make sure that there are proper responses
to the immune system, whether it is
inflammatory or recovery. This is because
the immune system is capable of adjusting
to altering physiological states through its
regulatory capability to provide defense and
regenerate. This control over macrophage
activity highlights the need to use MIF in
balancing between immune activation and
inflammatory repair [33].

Besides its systemic processes, MIF is also
important in ensuring homeostasis of
tissues in specialized microenvironment
like periodontal tissues. It controls immune
signaling and cellular communications that
are needed to maintain tissue integrity. MIF
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provides normal tissue functionality and
stability of the architecture by regulating
localized inflammatory reactions and
macrophage dynamics. These control
mechanisms help to sustain protective
immunity and avoid over-damage of
inflammatory lesions. MIF, therefore, helps
to ensure physiological balance, both
systemic and local, and it is important to
emphasize the importance of MIF in
preserving normal tissue architecture and
immune equilibrium [34].

Macrophage Migration inhibitory factor
(MIF) is an important factor in the
pathogenesis of a broad group of diseases,
as it regulates immune and inflammatory
reactions. It leads to the inflammatory and
autoimmune diseases via the long-term
effect of the production of cytokines and the
activation of immunity [8].

MIF enhances the development of tumors,
angiogenesis, and immune evasion in
cancer. It also participates in metabolic,
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cardiovascular and infectious diseases,

balancing inflammation and cellular
reactions and it is important to note that it is
also a major founder of disease progression
and a potential therapeutic goal.

The MIF is an essential factor in the
pathogenesis of inflammatory and
autoimmune diseases that control the
production of cytokines and the activity of
immune cells. It is an upstream mediator,
which increases inflammatory reactions
resulting in tissue destruction in rheumatoid

arthritis, sepsis or inflammatory bowel
disease. MIF promotes chronic
inflammation and cytokine signaling

sustainment in autoimmune diseases, such
as systemic lupus erythematous and
multiple  sclerosis.  This  cumulative
inflammatory and autoimmune
pathophysiology leads to tissue damage
and severity of disease, which shows the
key role of MIF in the process of these
mechanisms [35].

Table 3: Pathophysiological Roles of MIF across Major Disease Categories

Category Condition Role Description Reference
. RA, SLE, IBD, | Cytokine Drives chronic
Inflammatory/Autoimmune MS activation inflammation [35]
Cancer Tumors Progression Promotes g.rOWth and [36]
angiogenesis
Metabolic Diabetes, Inflammation | 'Mduces insulin | 371
obesity resistance
. Atherosclerosis, | Vascular Promotes endothelial
Cardiovascular . [37]
Mi effects dysfunction
Infectious Bacterial, viral Immune Enhances  defense, [38]
response may cause damage
Table 3 summarizes the essential importance elaborated in the following

pathophysiological roles of MIF in different
disease categories, and it will give the
reader the overview of how it is involved in

immune regulation and disease
progression. Its particular contributions to
individual  disease  conditions  with
underlying mechanisms and clinical
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subsections.

MIF is gaining acceptance as an important
controller of cancer development and
progression. It stimulates tumor growth,
metastasis and angiogenesis by regulating
tumor microenvironment and stimulating
inflammatory signaling. MIF is also

implicated in immune evasion that
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modulates immune cell reactions and
contributes to the survival of tumors. MIF
affects the macrophage polarization to
tumor-supportive phenotypes, which
induces the further development of cancer
through the activation of the pathways
including STAT3. Such mechanisms lead to
a higher level of tumor aggressiveness,
vascularization, and resistance to
treatment, which makes MIF one of the key
factors of oncogenesis and a possible
cancer treatment target [36].

MIF has a significant contribution to
metabolic diseases like diabetes and
obesity as it enhances chronic low-grade
inflammation and insulin resistance. It
promotes the metabolic imbalance through
control of the inflammatory pathways that
suppress the glucose metabolism and
energy homeostasis. Further, MIF has a
role in cardiovascular diseases, such as
atherosclerosis and myocardial infarction,
because it affects vascular inflammation
and endothelial malfunction. Its
involvement in the stimulation of immune
cells connects the disturbances in
metabolism to the  cardiovascular
complication. In such ways, MIF becomes a
key mediator between metabolic and
cardiovascular pathologies, which is
important to note and a therapeutic target
[37].

MIF is also a major innate immune regulator
of host responses to bacteria, viruses and
parasites in infectious disease. It also
augments the macrophage activation and
inflammatory signaling, which helps to clear
the pathogen efficiently. MIF has a dual role
and assists with the protective immunity, as
well as, it may also contribute to the
increase in the severity of the disease in
case of overexpression. Excessive
inflammation or tissue damage may occur
with elevated levels of MIF especially in
severe infections. In respiratory diseases,
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MIF play a role in the dynamics of immune
responses and disease pathogenesis in
relation to the changes in macrophage
phenotypes. These results underscore the
complicated task assigned to MIF in the
process of maintaining the equilibrium
between host defense and inflammatory
injury [38].

The concept of therapeutic targeting of the
Macrophage Migration Inhibitory Factor
(MIF) has become one of the promising
approaches in the treatment of
inflammatory, autoimmune and malignant
diseases (Figure 4). Potential strategies
like small molecule inhibitors, monoclonal
antibodies and immune modulatory therapy
targeted to inhibit the interactions between
MIF-receptor or to inhibit its enzymatic
activity. These treatments can decrease
inflammation, modify the polarization of
macrophages and prevent the development
of the disease. Moreover, MIF can be
regarded as a promising disease severity
and treatment response biomarker, so it is
a significant object of targeted and
precision-focused therapy development.
Macrophage Migration Inhibitory Factor
(MIF) has become a target of interest using
small molecule inhibitors, as well as
monoclonal antibodies to inhibit its
migration in immune-associated and
inflammatory diseases. The mechanism of
action of these agents is preventing the
interaction between MIF and receptors or
inhibiting its enzymatic activity in order to
decrease the process of inflammatory
signaling and disease development. It is
also important to note that targeting MIF
can alter macrophage plasticity and
immune cell responses, which suggest its
curative potential in chronic inflammatory
and regenerative disease. The creation of
these inhibitors demonstrates an increasing
interest in MIF as an immune dysregulation
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mediator and a potential target of the
therapeutic intervention [39].
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Figure 4: Therapeutic Targeting of MIF

Figure 4 shows the approaches to targeting
the migration inhibitory factor (MIF) of
macrophages and use of small molecule
inhibitors, monoclonal antibodies. The
ways inhibit CD74/CXCR receptors and
enzymatic activity, which results in less
inflammation, altered polarization of
macrophages and lower tumor progression.
It used clinically in the treatment of
autoimmune diseases, cancer, and
diagnostics, monitoring based on
biomarkers and considered further in the
following subsections.

MIF monoclonal antibodies found to have a
great potential of neutralizing its biological
activity especially in cancer and in
autoimmune diseases. These treatments
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expected to interfere with the signaling
pathways mediated by MIF, which will lead
to a decrease in tumor progression,
immune evasion and chronic inflammation.
Moreover, new cell-based therapies,
including mesenchyme stem cell therapies
can indirectly suppress the activity of MIF
via immune modulatory actions. These
modalities  provide novel treatment
opportunities because they act at several
immune regulation levels and the
opportunities of MIF-targeted therapies are
further expanded [40].

MIF  studied widely in clinical and
experimental research as a target therapy
and a biomarker. High amounts of MIF have
been linked to severity of different



Aliyarbayova A.A., Hasanov i.A., Unal G.  ATU Jurnali

pathological diseases, implying that it
would be useful in diagnosis and treatment
follow up. Continued studies are being done
to create more selective and effective MIF
inhibitors which can be used in clinical
practice. MIF-focused therapies used in

combination with biomarker-based
interventions to improve personalized
treatment plans and increase patient

outcomes in patients with inflammatory and
immune-mediated diseases [41].

Although MIF has a therapeutic potential, a
number of obstacles restrict the optimal
targeting of the drug. The multifunctional
character, prevalence and participation in
protective, pathological mechanisms make
it difficult to develop therapeutic strategies.
Moreover, compensatory immune
responses and cellular heterogeneity can
also have an effect on treatment efficacy.
The further study of the diversity of immune
cells and the inflammatory signaling
networks should be the key to the
development of more specific and effective
interventions. The future studies should aim
at addressing these shortcomings to
maximize on MIF-based therapies and to
translate them into clinical practice [42].
Recent progress in Macrophage Migration
Inhibitory Factor (MIF) studies has
increased knowledge on the role of this
molecule in the process of inflammation,
immune compromises and disease
development. Recent findings emphasize
its role in cardiovascular pathology,
remodeling of tumor microenvironment and
polarization of macrophages, which
strengthen the importance of this cytokine
as a multifunctional one. According to the
emerging therapeutic research, MIF can be
used as biomarker or drug target in various
ailments. Further studies ought to base on
shedding more light on its dual protective
and pathological functions, enhanced
strategies of selective targeting and
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translation of the experimental results to
effective clinical applications.

Recent developments in the biological
study of MIF have made it known to be a
key mediator in inflammatory pathways and
pathogenesis. Ample evidence is emerging
that MIF plays a major function in the
development of cardiovascular disease by
regulating pro-inflammatory cytokines and
immune cells, affecting vascular
inflammation and remodeling. These
results broaden the concept of MIF as a
conventional cytokine, making it an
important mediator of systemic diseases.
Moreover, its role in various signaling
pathways also highlights the significance of
MIF in translational studies, in which the
targeting MIF may expand new treatment
opportunities that used to treat
sophisticated inflammatory and
cardiovascular diseases [43].

Recent researches have revealed that MIF
is a key player in tumor microenvironment
development because of its interaction with
stromal and immune cells. MIF has been
reported to be found in cancer-associated
fibroblasts as one of the major contributors
of immunosuppressive states that promote
tumor growth and progression. MIF
facilitates immune evasion, tumor cell
growth and survival of tumor cells thus
increasing cancer aggressiveness and
resistance to treatment. The insights offer
new directions to cancer treatment
approaches, which focus on the possibility
of interfering with  tumor-supportive
functions with the help of targeting MIF to
enhance the efficacy of therapeutic
approaches in oncology [44].

The future of MIF research aims at coming
up with very specific therapeutic measures
and its multifaceted role in the immune
modulation. Innovations in the polarization
of the macrophage have provided new
opportunities in immunotherapy by further
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connecting MIF functionality to immune cell
differentiation and function. Nevertheless,
several gaps in the research have not been
filled, such as the necessity to provide
specific targeting methods and a better
comprehension of the dual functions of MIF
in protective and pathological mechanisms.
These issues will be required to apply the
outcome of experiments to clinical practice
and make the most of MIF-based treatment
plans to various diseases [45].

CONCLUSION

Macrophage Migration Inhibitory Factor
(MIF) has become a versatile cytokine that
is essential for inflammation, immunological
control and pathogenesis of diseases. Its
distinctive structural characteristics, such
as enzymatic activity, non-classical
secretion those are what make it unlike
other conventional cytokines, allow quick
immune response. MIF combines several
signaling pathways, including MAPK/ERK,
PI3K/Akt, and NF-kB, therefore, it controls
cell survival, proliferation and inflammatory
responses. Concisely, it is essential for
mediating the relationship among innate
and adaptive immunity, physiological and
pathological effects through these
mechanisms. Notably, MIF is the cause of
a broad range of diseases, among which
are inflammatory, autoimmune, metabolic,
cardiovascular, infectious disorders and
cancer. Its association with the disease
progression is depicted by its position as an
upstream regulator of cytokine generation
and activation of immune cells. Meanwhile,
MIF plays a role in both protective and
pathological activities as it implicated in the
physiological processes that are necessary
to maintain host defense, tissue repair and
immune homeostasis. MIF has therapeutic
promise and there are still advances
underway on small molecule inhibitors,
monoclonal antibodies and immune
modulatory approaches. Nevertheless,
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problems associated with its
multifunctionality, ubiquitous expression
and intricate networks of signals continue to
be major obstacles to clinical translation.
Future studies are needed to enhance
specificity of the target, context-dependent
functions and incorporate MIF-based
techniques in precision medicine. In sum,
MIF is an extremely important bridge
between immune control and pathology,
which has much potential in diagnostic and
therapeutic innovation.
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Xiilasa

Makrofaq Migrasiyasini inhibisiya edsn Faktor (MIF) immun tenzimlenmasinds, iltihabda va xastslik
patogenezinda asas rol oynayan ¢oxfunksiyall sitokindir. Klassik sitokinlerdan farqgli olaraq, MIF, suratli
immun reaksiyalarina imkan veren fermentativ aktivlik ve geyri-klassik sekresiya daxil olmaqgla unikal
struktur ve biokimyavi xtsusiyyatlare malikdir. Bu icmal, MIF-in molekulyar qurulusu, biosintezi, signal
yollari, funksional xtisusiyyatlari ve patofizioloji rollari haqqinda strafli malumat vermak maqgsadi dasiyir
va onun terapevtik potensialina digget yetirir. MIF kimyavi qurulusu, reseptor vasitegiliyi ila signal,
immun funksiyalari va muxtelif xastaliklerdas istiraki ile bagli melumatlari birleasdiren mévcud adabiyyat
arasdiriimig, hamginin terapevtik hadafloma va biomarker tatbiglarindaki son nailiyyatler tahlil
edilmisdir. MIF, MAPK/ERK, PI3K/Akt ve NF-kB daxil olmagla asas signal yollarini tenzimlayir, iltihaba,
hiceyre foaliyyatine ve immun reaksiyalara tesir gosterir. O, organizmin mudafiasi, toxuma barpasi ve
immun homeostazi kimi fizioloji proseslarde muhum rol oynayir. MIF-in pozulmusg tenzimi iltihaba,
autoimmun, metabolik, Grek-damar, yoluxucu xastsliklor ve xergenge sabab olur. Kicik molekullu
inhibitorlar va monoklonal antikorlar da daxil olmagla, MIF-i hadaf alan yeni mualice tsullari Gmidverici
klinik potensial nimayis etdirir. MIF immun tanzimlanmani xastaliyin iralilomasi ilo alagslendiran
markazi vasitagi rolunu oynayir. Terapevtik vadina baxmayaraq, onun ¢oxfunksiyaliligi ve mirakksb
signal sabakalari ile baglli c¢atinlikleri gqalmaqdadir. Gelacak tadqigatlar MIF esasli terapiyalari
optimallasdirmagq tg¢in hadaflonmis midaxilalers ve daqiq tibb yanasmalarina yénalmalidir.

Acar sézloar: Makrofaq miqrasiyasini inhibisiya eden faktor, sitokin siqgnall, iltihab, immun tenzimlanme,
terapevtik hadsflomoa

PAKTOP MHTMBUPOBAHUA MUTPALIMIO MAKPO®DAIOB: XUMUYECKASA CTPYKTYPA,
®YHKLUUOHANBHLIE CBOUCTBA M EIO POJ1b B KAYECTBE LIWTOKUHA MPU
3ABOJIEBAHUSAX.
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Pe3lome

dakTop UHrMbmpoBaHus murpaumm makpodgaroB (MIF) — 3TO0 MHOrOQYHKUMOHANbHbBIA LUTOKWUH,
UrpatoLLMin KIOYEBYHO POSb B pPErynaumm UMMyHUTETa, BOCNAneHnn n natoreHese 3abonesaHun. B
oTnnuMe OT Knaccuyeckux umtokumHoB, MIF obnagaetr yHUKanNbHbIMW  CTPYKTYPHbIMU U
OMOXMUYECKMMM  CBOWCTBaMK, BKMo4as EepPMEHTATUBHYIO aKTUMBHOCTb W HEKMACCUYECKYHo
cekpeuuto, YTo No3BonseT ObICTPO pearnpoBaTb HA MMMYyHHble peakuun. Llenb gaHHoro ob63opa —
npenocTaBuTb MOAPOOHLIM 0B30p MOMEKYNAPHOW CTPYKTYpbl, OGWOCUHTE3a, CUrHanbHbIX MyTen,
dYHKLMOHanNbHbLIX CBOMCTB N natoduaunonoruyeckon ponu MIF, ¢ akueHTOM Ha ero TepaneBTU4eCcKuin
noteHuman. NpoBeneH HappaTUBHbLIA CUHTE3 COBPEMEHHOW NUTEpaTypbl, UHTErPUPYIOLLNIA JaHHbIE O
ctpyktype MIF, peuenTtop-onocpenoBaHHON nepedadye curHanoB, UMMYHHbLIX OYHKLMSX U y4acTum B
pasnunyHbiXx 3aboneBaHusiX, a TakkKe MNpoaHanM3npoBaHbl MNOCNeaHve AOCTMXEeHMs B obnactu
TepaneBTUYECKOrO0 BO3OENCTBMA U MNpuUMeHeHus OuomapkepoB. MIF  perynupyeTr knoyeBble
curHanbHble nytu, Bkntodad MAPK/ERK, PI3K/Akt n NF-kB, Bnusas Ha BocnaneHue, BbPKMBAEMOCTb
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KNEeToK U UMMYHHble peakunn. OH UrpaeT KpUTUYECKYHD Porb B O13MONOrMYECKMX NpoLeccax, Takmx

Kak 3alluuTa opraHmsma, BOCCTaHOBIEHME TKaHeN 1 UMMYHHbIN romeocTas. HapyweHue perynauum MIF
CNocoBCTBYET pa3BUTUIO BOCMANUTENbHbBIX, ayTOMMMYHHbIX, META0ONMYECKMX, CEPAEYHO-COCYANCTDIX,
MHEKLUNOHHBIX 3aboneBaHuii 1 paka. HoBble MeToabl nedeHus, HanpaeneHHble Ha MIF, Bknoyas
WMHIMOUTOPbI MarnbiX MOMEKYNlT M MOHOKMOHasnbHblE aHTUTena, AEeMOHCTPUPYIOT MHoroobGeLlaoLmn
KnnHn4eckun noteHuman. MIF BbICTynaeT B KayecTBe LEHTparnbHOro Meguartopa, CBs3bliBalOLLEro
UMMYHHYIO perynauuio ¢ nporpeccupoBaHveM 3aboneBaHusi. HecmoTpsa Ha ero TepaneBTUYEeCKUi
noteHuman, ocTalTca npobnembl, CBs3@aHHble C €ro MHOrO(YHKUMOHANBHOCTBIO M CIOXHBIMU
curHanbHbiMn  ceTamun.  bygywime  uccnegoBaHMs  OOMKHbI  OblTb  COCPEQOTOYMEHbI  Ha
LeneHanpaeneHHbIX BMELLATeNnbCTBax M nogxodax NPeuM3noHHOW MeauuMHbl Ang onTuMu3aumm
Tepanuun Ha ocHoee MIF.

Knroueenie cnoga: NHaubupyrowul hakmop muzgpauyuu Makpoghazos, UUMmOoKUHO8ass cugHanusayus,
gocnarieHue, UMMYHHasi peayrnsyusi, meparnesmudeckoe 8o3delicmaue
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INBORN ERRORS OF IMMUNITY IN THE ERA OF GLOBALIZATION:
EVOLVING CONCEPTS AND CLINICAL IMPLICATIONS

Nasrullayeva G.M."?, Mammadova V.R."" Nazirzade M.M.", Mollayeva N.O.2

Abstract

Globalization, migration, urbanization, and environmental changes exert a significant impact on human
health, particularly on immune system function. These factors have contributed to evolving
perspectives on congenital immunodeficiencies, now more accurately referred to as inborn errors of
immunity (IEIl). Previously considered rare and underdiagnosed, these disorders are currently
recognized as a major global health concern.

Advances in molecular genetic technologies have enabled early and precise diagnosis of IEI.
International collaboration, the development of global registries, and the standardization of clinical
protocols have increased detection rates worldwide. Environmental influences also affect immune
function through modulation of the microbiota and microbiome.

Neonatal screening using TREC/KREC assays is increasingly becoming standard practice in many
countries for the early detection of severe forms of |IEl, such as severe combined immunodeficiency
(SCID). The concept of IEI reflects a paradigm shift, recognizing immune disorders as complex,
dynamic conditions. The immune system is now viewed not only as a collection of cells and molecules
but as an integrated ecosystem interacting with genetic and environmental factors.

Keywords: Inborn Errors of Immunity, Primary Immunodeficiency, Globalization, Neonatal Screening,
Microbiome

INTRODUCTION
In recent decades, globalization has economic and communication systems. It
profoundly influenced medicine alongside has facilitated the discovery of previously

unrecognized diseases and enabled the
rapid global exchange of scientific
knowledge regarding diagnosis and
treatment. Enhancing the translation of
Yazigma lgiin slaqa: scientific findings into clinical practice has
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interactions across geographical, ethnic, inborn errors of immunity (IEI) has been
and social boundaries have further shaped adopted to reflect this complexity [2,7,8].
immune responses. These developments Changing Perspectives in a Globalizing
have led to a transformation in the World

.understand.in.g _ of .congenital Globalization has accelerated progress in
immunodeficiencies. Once considered rare medical technologies and genetic research.
and poorly characterized, these conditions Modern molecular diagnostic methods
are now recognized as a significant global allow early and accurate identification of
health issue [2,3,8]. Historically, primary IEI. International cooperation, global
immunodeficiencies ~ were  frequently databases, and standardized clinical
misdiagnosed or overlooked, with patients protocols have significantly increased
receiving only symptomatic treatment for detection rates. Although these conditions
recurrent infections. Advances in were previously under recognized
immunology  and genetics . have substantial progress has been achieved in
demon.strated that  these  disorders recent years. Nevertheless, globalization
comprise a heterogeneous group of presents both advantages and challenges
diseases with diverse clinical (Figure 1) [1 ’3]_

manifestations. Consequently, the term

Advantages: Challenges:

A g 9

The emergence of megacities leads to
the rapid spread of infectious
diseases.

Globalization allows health services
to be closer to the population.

A 4 A 4

Increasing migration and
urbanization, environmental

Globalization enables close influences and interracial marriages
cooperation between countries. affect gene mutation, the phenotype,
and clinical presentation of immune

diseases.

Figure 1. Advantages and challenges of globalization.

The foundation of immune function lies ranging from severe combined
within the human genome. Epigenetic immunodeficiency (SCID) to mild antibody
modifications regulate gene expression and deficiencies. Conversely, similar clinical
are highly sensitive to environmental phenotypes may arise from different
factors such as infections, microbiome genetic mutations [5,12].

composition, toxins, and stress. As a result, Key mechanisms underlying genetic
individuals with the same genetic mutation variability include:

may exhibit markedly different phenotypes, « Gene frequency
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« Diversity of gene expression
« Gene—gene interactions
« Environmental influences [6,7]

Globalization, urbanization, environmental
pollution, and changes in the microbial
environment can lead to the following
consequences: increased incidence of
certain genetic diseases in the population,
changes in the clinical symptoms of genetic
diseases, increased risk of genetic
predisposition, and the spread of rare
mutations in consanguineous marriages.
From the perspective of modern genetics
and immunology, immunodeficiency
diseases are of particular interest.
Previously, many children with severe
primary immunodeficiencies died at an
early age. Today, thanks to modern and
effective treatments such as
immunoglobulin therapy, bone marrow
transplantation, and gene therapy, patients
survive into adulthood and have children.
As a result, some rare mutations (CTLA4
deficiency, LRBA deficiency, APDS
(PIK3CD), STAT3, and ADA deficiency)
can persist and become more common in
the population.

Environmental factors also influence
immune function through their effects on
the microbiota and microbiome. The
microbiome comprises all microorganisms
and their genetic material residing in and on
the human body, forming a complex
ecosystem that affects metabolism,
immunity, and overall health. Its
composition is highly individualized and
influenced by diet, lifestyle, and
environmental exposures.

The microbiota plays a critical role in
immune system development, immune
memory formation, and immune regulation.
Under normal conditions, the immune
system and microbiota maintain a balanced
relationship that ensures protection against
pathogens while preserving tolerance to
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harmless antigens. However, factors such

as excessive antibiotic use and dietary
additives may disrupt this balance, leading
to immune dysregulation.

The development of the immune system
and the maintenance of homeostasis are
just two of the many areas in which the
microbiota is important. It is known that a
healthy microbiota balance is important in
the  management of inflammatory
responses by  supporting immune
tolerance. In this regard, first of all, the
interactions between the microbiota and the
immune system are investigated, and the
influence of the microbiota on the immune
system is studied in detail. Then, the
molecular and cellular mechanisms of the
microbiota balance in specific autoimmune
diseases can be evaluated. In this regard,
the interactions and clinical manifestations
of these two mechanisms should be
studied, and therapeutic approaches
targeting the microbiota, such as prebiotics,
probiotics, and fecal microbiota
transplantation, may be prescribed [12].
Microbiome alterations in patients with IEI
may result in dysbiosis, microbial
translocation, mucosal immune
dysfunction, chronic inflammation, and
impaired immune regulation. These
processes contribute to complications such
as autoimmunity, lymph proliferation, and
malignancy, significantly affecting patient
outcomes and quality of life [9,10,12].

IElI in the Context of the COVID-19
Pandemic

The COVID-19 pandemic highlighted
variability in immune responses across
populations. Environmental factors such as
urban density, pollution, and microbiome
diversity may influence susceptibility and
disease severity.

The pandemic also exposed vulnerabilities
in healthcare systems, particularly affecting
patients with |EI. Disruptions in plasma
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donation negatively  impacted the
availability of immunoglobulin replacement
therapy, a cornerstone of treatment.

Patients with IEl are at increased risk of
infections, and ongoing research explores
genetic predisposition to severe COVID-19.
Additionally, vaccine responses in these
patients may be suboptimal due to impaired
B- and T-cell immunity. Consequently,

efforts have intensified to develop more
durable

effective  and immunization

strategies [5].

Figure 2. New forms of primary immunodeficiency

Next-generation sequencing (NGS) has
identified more than 690 gene defects
associated with |IEl. Thus, there has been a
shift the paradigm from isolated genetic
defects to complex networks of immune
dysregulation, from the importance of a
single gene to the multiple interactions of
genetic changes [1, 5, 12]. As a result, new
forms of PID have emerged (Figure 2).

Newborn Screening Programs

Newborn  screening  programs  are
implemented in many countries and now it
is part of routine healthcare, although the
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New Concepts in Inborn Errors of
Immunity

Advances in molecular genetics have
redefined the classification of immune
disorders, leading to the adoption of the
term inborn errors of immunity (IEI). The
immune system is now conceptualized as a
dynamic and integrated ecosystem. The
concept of the immunome has emerged,
reflecting the interaction between genetic
factors and environmental influences

[3,4,6].

e disruption of the apoptosis process

range of screened conditions varies widely.
Initially introduced for the detection of
phenylketonuria, these programs now have
expanded significantly over time [12, 13].
This program allows us to detect several
serious hereditary diseases before clinical
symptoms even appear. Also, it plays a
critical role in preventing severe
complications. This is particularly important
for primary immunodeficiencies, where
early diagnosis can be life-saving.

In 2022, this program in Azerbaijan is
dedicated to the following diseases:
phenylketonuria, cystic fibrosis,
adrenogenital syndrome, hypothyroidism,
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and galactosemia. In 2026-2027, the
program plans to include testing for severe
combined immunodeficiency (SCID) using
a heel-prick blood test.
TREC/KREC-based screening is
increasingly used for early detection of
severe IEI, particularly SCID. TREC reflects
newly formed T-lymphocytes. It is a small
DNA fragment formed during T-cell
development in the thymus and indicates
the number of naive T cells. KREC reflects
newly formed B cell.

SCID is characterized by: impaired T-cell
development, reduced or absent B cells,
dysfunction of natural killer (NK) cells

Early diagnosis enables timely
hematopoietic stem cell transplantation
(HSCT), significantly improving outcomes.
This underscores the importance of early
identification in reducing morbidity and
mortality [1, 6].

Future Directions

« Integration of artificial intelligence in
immunological diagnostics

e Development of global registries
combining genomic and clinical data

« Strengthening multidisciplinary
collaboration

e Expansion of telemedicine to
improve access in low-resource settings
[4,5]

CONCLUSION

A multidisciplinary approach is essential in
the management of patients with I|El,
involving immunologists, pediatricians,
geneticists, infectious disease specialists,
and other healthcare professionals.
Globalization has transformed the
understanding and management of primary
immunodeficiencies. Advances in
diagnostics, treatment, and international
collaboration have improved patient
outcomes. Continued progress in this field
will further enhance our understanding of
immune system disorders and support the
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development of innovative therapeutic
strategies.
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Xiilaso

Qloballagsma, migrasiya, urbanizasiya ve atraf mihitde bas veren deyisiklikler insan saglamligina,
xususile immun sisteminin funksional vaziyystine shamiyyatli tasir gdstarir. Bu amillerin tasiri
naticesinde anadangalme immun c¢atismazliglari hagqinda elmi tesavvirler shamiyyastli deracede
dayismis ve hazirda bu xastaliklor daha genis anlayis olan immunitetin anadangalme sahvleri (Inborn
Errors of Immunity — IEI) termini ile ifade olunur. Bvvallaer nadir ve ¢ox zaman gec diagnostika olunan
xastaliklar kimi giymatlandirilon bu patologiyalar hazirda global sshiyyanin mihim problemlarindan biri
hesab edilir.

Molekulyar-genetik texnologiyalarin surstli inkisafi immunitetin anadangalma sahvlerinin erken ve
daqgiq diagnostikasina imkan yaratmisdir. Beynalxalq amakdashgdin genislonmasi, global xaste
registrlorinin yaradilmasi ve klinik protokollarin standartlasdiriimasi butin dinyada bu xastsliklerin
askar edilma seaviyyasinin ylksalmasina serait yaratmisdir. Eyni zamanda, etraf muhit amillerinin
mikrobiota va mikrobiomun terkib ve funksiyasina tesiri immun sisteminin faaliyyatinin
formalasmasinda mihim rol oynayir.

TREC/KREC analizlerindan istifade etmakle neonatal skrining bir sira dlkalsards agir immun
catismazhgi formalarinin, xususile agir kombina olunmus immun catismazhiginin (SCID) erken
askarlanmasi maqgsadile getdikce daha genis tetbiq olunur ve standart diagnostik yanasmaya
cevrilmakdadir.

immunitetin anadangelme sahvleri konsepsiyasinin formalasmasi immun pozgunluglarina yanagsmada
yeni paradigmani aks etdirir. Bu konsepsiyaya asasan, immun sisteminin xasteliklari sadeca ayri-ayri
immun htceyralerinin va ya molekullarinin funksional pozgunlugu kimi deyil, genetik ve atraf muhit
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amilleri ila qarsiligh elagada olan mirekkeb ve dinamik proseslar kimi giymatlendirilir. Muasir
yanagsmada immun sistemi yalniz hiceyra ve molekullarin macmusu deyil, genetik xususiyyatler ve
atraf muhit amilleri ile qarsiligl slagaede faaliyyst gdsteran integrasiya olunmus bioloji ekosistem kimi
nazardan kegirilir.

Acar sézlar: immunitetin anadangslme sahvleri, birincili immun ¢atismazlhgi, globallasma, neonatal
skrininq, mikrobiom.
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Peslome

mobanusaumsa, wMurpaums, ypbaHusaums W U3MEHEHWUs OKpyXarwlwehn cpedbl OKasblBaloT
CYLLIEeCTBEHHOE BIMSIHWE Ha 3[10POBbE YenoBeka, B YaCTHOCTU Ha (PYHKUMOHMPOBaHWE WUMMYHHOM
cuctembl. BosgencteBne atux ¢akTtopoB OOYCrOBMIO M3MEHEHNE COBPEMEHHLIX NMPEenCcTaBfEHUN O
BPOXOEHHbIX MMMyHOAedMUMTaX, KOTopble B HacTosiwee BpeMs 6onee koppekTHO o6o3HavatoTcs
TEPMUHOM 8pOXOeHHble owubku ummyHumema (Inborn Errors of Immunity, I|El). PaHee
paccmaTpuBaBLUMECH KaK pefKue 1 YacTo HegoamarHoctupyemMble 3aboneBannsi, JaHHblE COCTOSHNS
B HaCToOsILLee BpeMs NpU3HaHbl 3Ha4nmow rnobanbHor NpobneMon 3apaBooOXpaHeHUs.

HocTmkeHnss B 0bnactv MOMeKyrnsapHO-reHeTUYECKUX TEeXHONornm obecneynmnu BO3MOXHOCTWU ANS
paHHewn N TOYHON ANarHOCTUKM BPOXAEHHbIX OLUMBOK MMyHUTETa. MexayHapoaHoe COTpYAHUYECTBO,
cosfaHne rnobanbHbIX PEerMcTpoB M CTaHA4apTM3auusa KITMHUYECKMX MPOTOKOMNOB CrnocobcTBoBanu
MOBBILUEHNIO BbISBNSEMOCTN AaHHbIX 3abonesaHun BO Bcem mupe. CylleCTBEHHOE BWUSHWE Ha
dPYHKUMOHMPOBAHME UMMYHHOM CUCTEMbI OKa3blBalOT Takke (hakTopbl OKpyXarolen cpefbl, B TOM
yucne NoCpeacTBOM MOAYNALUMM MUKPOBUOTLI 1 MUKpOBUoMa.

HeoHaTanbHbIA CKPUHUHI C ucnonb3oBaHnem metogoB onpegeneHms TREC/KREC Bce uvauwe
CTaHOBWUTCHA CTaHOaApPTHOW MpakTUKOW B psge CTpaH AN paHHEro BbISBNEHUs TsKenbix opm
BPOXOEHHbIX OWNOOK MMMYyHUTETA, B YaCTHOCTM THAXENOro KOMOGUHMPOBaAHHOIO MMMyHodeduumTa
(SCID).

CoBpemMeHHast KOHUEemnuua BPOXAEHHbIX OLWWOOK MMMyHUTETa OTpaxaeT CMeHy napagurmbl B
MOHUMAHUN UMMYHHbIX HapPYLLUEHWUI KaK CMOXHbIX U AUHAMUYECKUX COCTOAHUI. MIMMyHHasa cuctema B
HacTosiLlee BpeMsi pacCMaTpuBaETCs HE TOMbKO KaK COBOKYMHOCTb KNETOK W MOSEKys, HO U Kak
WHTerpupoBaHHasi Guonorudeckas cuctema, @YHKLMOHMPOBaHME KOTOPOW  OnpeaensieTcs
B3aMMOAENCTBUEM reHeTUYEeCKMX (PakTopOB N (PakTOPOB OKpYXatoLen cpeapl.

Knroueeblie crioga: 8poxOeHHble OWUubKU UMMyHUmMema, [epsuyHble UMMYyHOOepuUUMBb,
enobasnusauusi, HeOHamarsbHbIU CKPUHUHE, MUKpobuoma.
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DEVELOPMENT, STANDARDIZATION, AND STUDY OF THE BIOLOGICAL
EFFICACY OF A SYNERGISTIC PHYTOEXTRACT OF SYZYGIUM
AROMATICUM L., ACHILLEA MILLEFOLIUM L., AND HIBISCUS
SABDARIFFA L. BY HIGH-SPEED EXTRACTION
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Abstract

The present study aimed to develop and optimize a multifunctional phytoextract composed of clove
(Syzygium aromaticum), yarrow (Achillea millefolium), and hibiscus (Hibiscus sabdariffa) for potential
topical pharmaceutical and cosmetic applications. Three different phytocompositions were prepared
and comparatively evaluated in terms of antimicrobial activity, antioxidant potential, physicochemical
properties, safety, and long-term stability. Among the investigated systems, the composition containing
clove, yarrow, and hibiscus in a ratio of 6:1:3 exhibited the most favorable profile and was therefore
selected as the optimized formulation. The extraction process was systematically optimized by
investigating the influence of extraction method, extraction time, plant-to-solvent ratio, temperature,
solvent composition, and rotation speed. High-speed extraction performed for 7 min at 26 °C using a
95:5 ethanol: propylene glycol mixture, a raw material-to-solvent ratio of 1:10, and a rotation speed of
3200 rpm yielded the most suitable extract in terms of quality, antimicrobial activity, and long-term
stability. The optimized phytocomposition demonstrated pronounced antimicrobial activity against
Staphylococcus aureus and Escherichia coli, with minimum inhibitory concentration values of 0.25 mL,
while complete inhibition of Candida albicans was achieved at 0.50 mL. The extract also exhibited
strong antioxidant activity in the DPPH assay, with an ICso value of 1.58 mg/mL. Long-term stability
studies demonstrated that the optimized extract remained stable for up to 24 months when stored in
dark glass packaging. Only minor changes in rutin and eugenol content, dry residue, and pH were
observed, whereas storage in plastic containers resulted in marked physicochemical deterioration. The
optimized extract was found to be non-irritant in the HET-CAM assay, with an irritation index of 2.45 +
0.35. Overall, the developed phytocomposition combined strong antimicrobial and antioxidant activity
with good stability and excellent tolerability. These findings indicate that the optimized phytoextract
may serve as a promising active ingredient for the development of topical pharmaceutical and cosmetic
formulations.

Keywords: Syzygium aromaticum, Achillea millefolium, Hibiscus sabdariffa, high-speed extraction,
antimicrobial activity, antioxidant activity, HET-CAM, topical phytocomposition
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INTRODUCTION

Medicinal plant extracts have attracted
considerable attention owing to their
antioxidant, antimicrobial, anti-inflammatory
and regenerative properties. The
management of superficial skin damage,
minor wounds, inflammatory dermatoses, and

microbial skin infections often requires
multifunctional preparations capable of
reducing oxidative stress, preventing

microbial colonization, and supporting tissue
repair. In this context, medicinal plants rich in
polyphenols, flavonoids, and volatile
constituents represent promising sources of
bioactive compounds for the development of
effective topical formulations [1-5].

Among the selected medicinal plants, clove
buds (Syzygium aromaticum L.) are
particularly rich in eugenol, eugenol acetate,
and B-caryophyllene, which are responsible
for pronounced antibacterial, antifungal,
antioxidant, and anti-inflammatory activities.
Clove extracts have demonstrated inhibitory
effects against both Gram-positive and Gram-
negative microorganisms and are widely used
in traditional medicine for the treatment of
infected wounds, inflammatory skin disorders,
and superficial lesions [6,7]. Yarrow (Achillea
millefolium L.) contains flavonoids, tannins,
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sesquiterpene lactones, and phenolic acids,
which contribute to its well-documented
wound-healing, anti-inflammatory,
antimicrobial, and regenerative properties. In
addition, yarrow has been reported to
promote tissue repair and reduce local
irritation, making it a valuable component of
topical herbal preparations [8,9]. Hibiscus
flowers  (Hibiscus sabdariffa L.) are
characterized by high levels of anthocyanins,
organic acids, and polyphenolic compounds,
particularly gallic acid, quinic acid, quercetin,
rutin, and related flavonoids. These
constituents exhibit strong free radical
scavenging capacity and may contribute to
protection against oxidative stress and
inflammation [10,11]. Therefore, the rational
combination of clove, yarrow, and hibiscus
extracts may provide broader and potentially
synergistic biological activity than each
extract used individually, owing to the
complementary actions of volatile oils,
flavonoids, tannins, and phenolic compounds.
The use of multicomponent
phytocompositions is especially attractive
because plant-derived constituents may
interact synergistically. A rational combination
of plant extracts may improve antimicrobial
activity through the simultaneous action of
volatile oils, phenolic acids, and flavonoids on
different microbial targets, while also
enhancing antioxidant capacity and reducing
irritation. However, the biological efficacy of
combined herbal systems strongly depends
on the ratio of the individual components [12—
16]. For this reason, the optimization of the
proportion between clove, yarrow, and
hibiscus is essential to obtain a
phytocomposition with maximum biological
activity and acceptable physicochemical
properties. Preliminary microbiological
observations indicated that the 6:1:3 ratio
provided superior antimicrobial activity and
comparable antifungal activity compared with
other tested combinations, suggesting that
this composition may represent the most
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promising balance between the active plant
constituents [17-19].

In addition to phytochemical composition, the
extraction method plays a crucial role in
determining the quality and activity of the
obtained extract. Conventional methods such
as maceration and percolation are widely
used for the extraction of biologically active
substances from plant materials; however,
these methods are generally time-consuming
and may provide limited extraction efficiency.
In contrast, high-speed extraction based on
cavitation and intense shear forces
significantly accelerates mass transfer
processes, increases the contact surface
between plant material and solvent, and
facilitates the release of intracellular
compounds. High-speed dispersion
technologies are also advantageous for the
extraction of thermolabile and volatile
constituents because they allow efficient
extraction within a short period of time and
under relatively mild conditions[18—24].

The use of rotor—stator homogenizers and
high-speed dispersers has recently emerged
as a promising strategy for the intensification
of pharmaceutical and phytochemical
processes. These systems generate
turbulence, cavitation, and strong
hydrodynamic forces, leading to rapid
disruption of plant cell walls and enhanced
release of active compounds. Compared with
conventional extraction methods, high-speed
extraction can reduce processing time
several-fold while simultaneously improving
extract yield and preserving biologically active
constituents [25-29]. Nevertheless, despite
the growing interest in these technologies,
there is still limited information regarding their
application to multicomponent

phytocompositions intended for topical
pharmaceutical use.

Furthermore, although the antioxidant,
antimicrobial, and anti-inflammatory
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properties of individual extracts obtained from

clove buds (S.aromaticum L.), yarrow
(A.millefolium L.), and hibiscus flowers
(H.sabdariffa L.) have been reported

previously, their combined use in a rationally
optimized ratio has not been sufficiently
investigated. There is limited information
regarding the simultaneous optimization of
plant ratio and extraction conditions, together
with comprehensive evaluation of antioxidant
activity, antimicrobial efficacy, irritation
potential, and cytotoxicity. Moreover, no
previous study has been identified in which a
high-speed  extracted phytocomposition
consisting of clove, yarrow, and hibiscus was
optimized according to extraction parameters
and component ratio, chemically
characterized by GC/MS and LC/MS, and
biologically evaluated using antimicrobial,
antioxidant, HET-CAM, and MTT assays.

Therefore, the aim of the present study was to
develop and optimize a multicomponent
phytocomposition based on clove buds,
yarrow, and hibiscus flowers, and to
determine the most suitable extraction
conditions for obtaining a biologically active
extract. Different extraction methods,
extraction times, solvent systems, and plant
ratios were systematically compared to
identify the optimal phytocomposition. The
resulting extracts were subsequently
characterized by modern chromatographic
techniques and evaluated in terms of their
antimicrobial, antioxidant, irritation, and
cytotoxic properties. To the best of our
knowledge, this is the first study to report the
comprehensive development and biological

evaluation of a high-speed extracted
phytocomposition composed of
S.aromaticum, A.millefolium, and

H.sabdariffa in an optimized 6:1:3 ratio for
potential application in topical pharmaceutical
preparations [18, 32].
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High-Speed Extraction of Phytoextract from
Clove, Hibiscus, and Achillea millefolium
and Development of Phytoextract

1. RAW MATERIALS PREPARATION

& g

Clove
(Syzygium aromaticum)

2. HIGH-SPEED EXTRACTION (UAE)

Achillea millefolium
(Yarrow)
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(Hibiscus sabdariffa)
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Materials »

MATERIALS and METHODS

Materials

Dried flower buds of S.aromaticum L.
(Myrtaceae), aerial parts of A.millefolium L.
(Asteraceae), and flowers of H.sabdariffa L.
(Malvaceae) were used as plant materials.

Solid to solvent ratio:

Extraction Parameters

Solvent: Water / Ethanol /
Hydroethanol (95:5)

Rotation speed: 3200 rpm

Irritation index: 2.45 £ 0.35

-

Cleaning Drying Grinding
- -— -
Remove dust 40-50 °C
and impurities until constant weight Obtain fine
powder

3. EXTRACT SEPARATION

Filtration

Centrifugation
(optional)

Filter through
0.45 pm membrane

5. QUALITY CHARACTERIZATION

A. ELEMENTAL PROFILING B. PHYTOCHEMICAL ANALYSIS

anthocyanins, tannins) Il Y OH
Strong antioxidant activity b > O /_ y Q :
(ICy = 1.58 mg/mL) ~
& P bial = o OH
otent antimicrobial activity .
(MIC: S. aureus = 0.25 mL, » » —J - ’

Total phenolics (Folin-Ciocalteu)

ICP-OES
AAS Flavonoids (AICI, assay)
XRF Tannins (vanillin assay)

HPLC-DAD

9. CONCLUSION

The optimized high-speed extraction (UAE) of clove, hibiscus, and
Achillea millefolium (yarrow) (26 °C, 7 min, solid to solvent ratio
1:10, rotation speed 3200 rpm) yielded a high-quality phytoextract
with potent antimicrobial, antioxidant, and safety profile. Incorporation
into elemental and phytochemical profiles confirms standardized and

reproducible composition. making this extract a reliable botanical

)

v

-

resource for diverse biomedical and pharmaceutical applications

j&

1 High-Quality

26 Phytoextract

°C =i -|e 110 (w/i) =

)

propylene glycol, and distilled water were
used as extraction solvents. All other
chemicals and reagents were of analytical
grade. Preliminary studies were performed
using different extraction methods, solvent
systems, extraction times, and plant ratios to

The botanical materials were cleaned, dried determine the optimum phytocomposition.

under ambient conditions, and pulverized Based

prior to extraction. Ethanol (95%, v/v),
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phytocomposition consisted of S.aromaticum,

A.millefolium, and H.sabdariffa in a ratio of

6:1:3[18].

Preparation of Phytoextracts

The volume of extractant required for the

extraction  procedure was calculated

according to the following equation (Eq. 1.):
Vexractant =V + mK

Eq.1.

where (V) is the required volume of extract

(mL), (m) is the amount of plant material (g),

and (K) is the water absorption coefficient of

the plant material.

The amount of dry residue in the obtained

extracts was determined using the following

equation (Eq. 2.):

5 =

. m; —my
Dry residue = — x 100

Eq.2.

where (ms) is the weight of the empty
container (g), (m2) is the weight of the
container after evaporation of the sample (g),
and (V) is the volume of extract used for the
analysis (mL).

Three different extraction methods were
compared: maceration (12—48 h), percolation
(8-24 h), and high-speed extraction (1-10
min). The powdered plant materials were
mixed with an ethanol: propylene glycol
solvent system (95:5, v/v) and subjected to
high-speed extraction using a Stegler DG-360
high-speed rotor—stator disperser operated at
3200 rpm, 50 Hz, and 360 W. The extraction
process was carried out at 26 + 1 °C to
minimize thermal degradation of volatile and
thermolabile constituents [18].

Different extraction times (1, 3, 5, 7, and 10
min) and plant ratios were evaluated. The
optimum conditions were determined as a
6:1:3 ratio of S.aromaticum: A.millefolium:
H.sabdariffa, extracted for 7 min using the
ethanol: propylene glycol (95:5, v/v) solvent
system[18].

Determination of Alcohol Content

The alcohol content of the obtained
phytoextract was determined by pycnometric
analysis after distillation. Briefly, 25 mL of
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liquid extract was transferred into a 250 mL
distillation flask and diluted with distilled water
to a total volume of 75 mL Porcelain boiling
chips were added and the sample was
distilled. Approximately 48 mL of distillate was
collected in a 50 mL receiving flask cooled in
an ice-water bath. The distillate was adjusted
to 20 °C, and its density was measured using
a pycnometer. The alcohol concentration of
the extract was found to be 95%.

Stability Evaluation of the Phytoextract
The stability of the optimized phytoextract
was evaluated by determining its organoleptic
and physicochemical properties, including
appearance, color, odor, pH, density, dry
residue, and extractive matter content.
Samples were filled into dark glass and plastic
containers and stored at 12-15 °C under
long-term conditions. The influence of
packaging material on the stability of the
extract was assessed periodically during the
storage period.

Determination of Antioxidant Activity

The antioxidant activity of the optimized
phytoextract was evaluated using the DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay according to the method of
Brand-Williams et al. with slight modifications.
Briefly, different concentrations of the
phytoextract were prepared in methanol and
mixed with freshly prepared DPPH solution.
The reaction mixtures were incubated in the
dark at room temperature for 30 min, and the
absorbance was measured at 517 nm using a
UV-Vis spectrophotometer. Ascorbic acid
was used as the reference antioxidant. The
radical scavenging activity was calculated as
the percentage inhibition of DPPH radicals,
and the ICs, value (concentration required to
inhibit 50% of DPPH radicals) was obtained
from the concentration-response curve. All
experiments were performed in triplicate, and
the results are presented as mean + SD.[30-
33, 43-45].
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The radical scavenging activity was
calculated according to the following equation
(Eq. 3.):
. Ly e AO - As
DPPH inhibition (%) =

4o

X 100

Eq. 3.
where (Ao) is the absorbance of the control
and (As) is the absorbance of the sample.

Microbiological Evaluation

The antimicrobial activity of the phytoextracts
was investigated in the Department of
Medical Immunology and Microbiology using
both agar disk diffusion and serial dilution
methods. The following test microorganisms
were  used: Staphylococcus  aureus,
Escherichia coli, and Candida albicans.

For the disk diffusion assay, sterile paper
disks were impregnated with the extracts and
placed on inoculated agar plates. Following
incubation, the diameters of the inhibition
zones were measured and expressed in
millimeters [32].

The minimum inhibitory concentration was
further evaluated by serial dilution. Briefly,
four serial dilutions of each extract (1:100,
1:200, 1:400, and 1:800) were prepared in
sterile distilled water. A standardized
microbial suspension containing
approximately 5 x 108 CFU/mL was added
to each tube. After exposure for 10, 20, 40,
and 60 min, aliquots were inoculated onto
agar media. Fungal cultures were incubated
at 28 °C for 48 h, while bacterial cultures were
incubated at 37 °C for 24 h. Among the
investigated formulations, the composition
containing S.aromaticum, A.millefolium, and
H.sabdariffa showed the highest antimicrobial
activity against both Gram-positive and Gram-
negative microorganisms as well as
C.albicans [17,32,42]:

HET-CAM Assay

The anti-inflammatory and irritation potential
of the optimized extract was evaluated using
the Hen’s Egg Test on the Chorioallantoic
Membrane (HET-CAM). Fertilized chicken
eggs were incubated for 9 days at 37.8 °C and
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60% relative humidity. On day 9, the eggshell
was carefully opened at the blunt end, and the
inner membrane was removed to expose the
chorioallantoic membrane [33, 34].

Aliquots of the test samples were applied
directly onto the membrane surface. The
occurrence  of vascular hemorrhage,
coagulation, and lysis was visually monitored
for 5 min. Sodium lauryl sulfate was used as
the positive control and physiological saline
as the negative control.

The irritation score (IS) was calculated
according to the Luepke method (Eq. 4.) [34]:

IS
(301 —H)x (301 —L)x 7+ (301—C)x9
B 300

Eq. 4.

where (H), (L), and (C) represent the times (s)
required for the appearance of hemorrhage,
vascular lysis, and coagulation, respectively.

Cytotoxicity Analysis
The cytotoxicity of the optimized phytoextract
was evaluated by the MTT assay. Cells were
seeded into 96-well plates and incubated
under standard culture conditions. After
reaching appropriate confluence, the cells
were treated with different concentrations of
the extract samples for 24 h. Following
incubation, MTT solution was added to each
well and the plates were incubated for an
additional 3—4 h. The resulting formazan
crystals were dissolved in dimethyl sulfoxide,
and the absorbance was measured at 570 nm
using a microplate reader [32,35].
Cell viability was calculated as follows (Eq.
5.):
N Ag
Cell viability (%) = T x 100
c
Eq. 5.
where (As) is the absorbance of the treated
cells and (Ac) is the absorbance of the
untreated control cells. The cytotoxicity
results were interpreted together with the
antimicrobial and HET-CAM findings to
determine the suitability of the Composition |l
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for  potential
applications.

topical pharmaceutical

Results and Discussion
Selection of the Optimal

Phytocomposition and Synergistic Effect
Three phytocompositions composed of clove

buds (S.aromaticum), yarrow herb
(A.millefolium), and  hibiscus flowers
(H.sabdariffa) were prepared in different

ratios to identify the most suitable
composition for the development of a stable
and biologically active topical formulation.
The compositions differed markedly in both
antimicrobial performance and
physicochemical behavior. Composition |
contained the plant materials at a ratio of
3:6:1, Composition Il at 6:1:3, and
Composition Il at 1:3:6 [17, 36-40, 42].

The obtained results demonstrated that the
biological activity of the compositions was
strongly dependent on the relative amount of
clove extract. Composition I, which contained
the highest proportion of clove together with a
moderate amount of hibiscus, exhibited the
most  pronounced antimicrobial and
antioxidant activity. This finding may be
attributed to the high content of eugenol and
other phenolic derivatives originating from
clove. Eugenol is known to disrupt bacterial
cell membranes, increase membrane
permeability, denature intracellular proteins,
and induce leakage of cytoplasmic contents.
In addition, the presence of hibiscus extract
likely enhanced the overall activity due to its
anthocyanin and organic acid content, while
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yarrow contributed flavonoids and
sesquiterpenes  with additional  anti-

inflammatory and regenerative properties.
Composition | demonstrated intermediate
activity. Although the high proportion of
yarrow improved the anti-inflammatory
potential of the mixture, the lower amount of
clove reduced the overall antibacterial effect.
Furthermore, the lower concentration of
hibiscus resulted in a less intense antioxidant
activity. The composition remained physically
acceptable during short-term  storage;
however, slight precipitation and gradual loss
of color intensity were observed after
prolonged storage. Composition Ill exhibited
the least favorable profile. The low
concentration of clove markedly reduced the
antibacterial activity, whereas the high
hibiscus  content caused progressive
precipitation, increased acidity, and intense
color instability. The predominance of
hydrophilic hibiscus constituents probably
decreased the compatibility of the extract with
the solvent system and reduced the stability
of the final product [32, 36-40,42].
As summarized in Table 1,
phytocompositions exhibited distinct
physicochemical and biological profiles
depending on the relative proportions of
S.aromaticum, A.millefolium, and
H.sabdariffa. Among them, Composition Il
demonstrated the most favorable balance

the tested

between antimicrobial activity, antioxidant
potential, physicochemical stability, and
overall suitability for further formulation

development.

Table 1. Comparative physicochemical and biological evaluation of the tested

phytocompositions

Parameter Composition Composition Il | Composition ]|
(3:6:1) (6:1:3) (1:3:6)

Main dominant | Flavonoids, Eugenol, . Anthocyanins,

. . anthocyanins, . ,
constituents sesquiterpenes . organic acids
flavonoids
Antimicrobial activity | Moderate Highest Weak
Antioxidant activity | Moderate High Moderate—high
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Physicochemical
yS.I.C ochemica Acceptable Excellent Poor
stability
Precipitation .
Slight None Marked
tendency
Color stability Moderate Stable Unstable
Overall suitability Acceptable Optimal Unsuitable

The superior behavior of Composition |l
suggests that the simultaneous presence of
eugenol-rich clove extract, anthocyanin-
containing hibiscus, and anti-inflammatory
yarrow creates a synergistic phytochemical
system. The combination appears to provide

a balance between antimicrobial potency,
antioxidant protection, and physicochemical
stability. Therefore, Composition 1l was
selected for all subsequent experiments
(Table 2).

Table 2. Comparative evaluation of different plant ratios used for preparation of the

phytoextract.

Ratio (Syzygium - Antimicrobial Final

Achillea : Hibiscus) Appearance Stability activity assessment

3:6:1 Slight turbidity Moderate | Lower Not selected

6:1:3 Homogeneous, no | pie | Highest Selected
sediment

1:3:6 Darlkenmgl / Poor Lower Not selected
sedimentation

The superior behavior of Composition |l
provides empirical validation of a true
synergistic effect achieved by modulating the
multi-component plant ratios. The baseline
methodology and raw  microbiological
dynamics of this system have been fully
validated and published in our previous study
[18, 32, 42] . Our standardized serial dilution
screening, referenced strictly to 0.5
McFarland (1.5x108 CFU/mL) for bacterial
strains and 2.0 McFarland (6x10% CFU/mL)
for C.albicans, revealed that the biological
response is strictly dependent on the
architectural alignment of the matrices. While
Compositions | (3:6:1) and 11l (1:3:6) exhibited
a standard baseline Minimum Inhibitory
Concentration (MIC) of 0.5 mL against St.
aureus and E. coli, Composition Il (6:1:3)
demonstrated a notable 2-fold increase in
antibacterial potency, dropping the MIC
threshold to just 0.25 ml.

This strict formulation synergy is further
manifested in the significant enlargement of
the zones of inhibition; for instance, the
inhibition ~ zone  against  encapsulated
Klebsiella pneumoniae increased by over
50%, jumping from 14£0.9 mm (standalone
clove extract) to 22+1,28mm within the
composite system. Crucially, this synergistic
performance has been formally certified via
an Official Act of Laboratory
Evaluation/Implementation.

Mechanistically, this synergistic interaction is
hypothetically attributed to multi-target
biochemical pathways described in
ethnopharmacological literature. It is
proposed that the phenolics within
S.aromaticum, particularly eugenol, disrupt
bacterial outer cell wall integrity, induce
intracellular lipid leakage, and alter cell
membrane permeability [38, 39, 40].
This structural destabilization
cooperatively, thereby

operates
facilitating  the
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accelerated intracellular influx and localized
efficacy of the co-delivered H.sabdariffa
organic acids (such as hibiscus and citric
acids) and anthocyanins, which effectively
lower internal pH [11, 36, 37], alongside
A.millefolium flavonoids that inhibit essential

bacterial enzyme synthesis [8, 9].
Consequently, this literature-supported
molecular cooperation firmly positions

Composition |l as the optimal certified matrix
for subsequent formulation development.

Antimicrobial and MIC
Determination

The antimicrobial activity of the prepared
phytocompositions was evaluated against St.
aureus, E.coli, and C.albicans, representing
Gram-positive  bacteria, = Gram-negative
bacteria, and fungi, respectively. The tested
microorganisms were selected because they
are commonly associated with infected skin
lesions and impaired wound healing. The

obtained results clearly demonstrated that

Activity
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Composition I possessed the strongest
antibacterial activity among all investigated
samples. Against S. aureus, the MIC value of
Composition 1l was 0.25 mL, whereas
Compositions | and 1ll required 0.50 mL to
inhibit microbial growth. A similar trend was
observed for E. coli. The lower MIC value of
Composition 1l indicates a more potent
antibacterial effect and suggests that the
higher content of clove-derived phenolic
compounds was sufficient to overcome both
the thick peptidoglycan layer of Gram-positive
bacteria and the more resistant outer
membrane of Gram-negative bacteria.

The MIC values presented in Table 3 clearly
indicate that Composition |l exhibited the
strongest antimicrobial activity against both
St.aureus and E.coli, whereas all tested
phytocompositions showed comparable
antifungal activity against C.albicans [ 17-18,
32-33, 42].

Table 3. Minimum inhibitory concentration values of the tested phytocompositions

Sample S. aureus (mL) E. coli (mL) C. albicans (mL)
Composition | 0.50 0.50 0.50
Composition |l 0.25 0.25 0.50
Composition Il 0.50 0.50 0.50

The difference between the antibacterial
activities against S. aureus and E. coli was
relatively small, which indicates that the
Composition Il exerted a broad-spectrum
antimicrobial effect. This broad activity may
arise from the coexistence of several
phytochemicals acting through different
mechanisms. Eugenol is known to penetrate
and disrupt lipid membranes, while hibiscus
acids lower the local pH and thereby create
an unfavorable environment for bacterial
survival. Yarrow-derived flavonoids may
further contribute by interfering with bacterial
enzyme systems.

The antifungal activity against C. albicans
was lower and more comparable among all
compositions. Complete inhibition was

achieved at 0.50 mL for all samples. This
finding suggests that the phytochemical
composition mainly influenced the
antibacterial rather than antifungal effect.
Nevertheless, the observed antifungal activity
remains important because Candida
colonization is frequently associated with
chronic skin lesions.

Overall, these findings indicate that
Composition I was the most promising
phytocomposition owing to its superior broad-
spectrum antimicrobial activity. The optimized
ratio of S.aromaticum, A.millefolium, and
H.sabdariffa appeared to provide the most
favorable balance between membrane-
disrupting volatile compounds and
biologically active phenolic constituents.
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Therefore, Composition |l was selected as the
optimized extract for subsequent extraction
optimization and stability studies [18, 32].
Optimization of the Extraction Process
The extraction process was systematically
optimized to maximize the recovery of
biologically  active  compounds  while
maintaining good physicochemical stability.
The influence of extraction method, extraction
time, plant-to-solvent ratio, temperature,
extractant composition, and rotation speed
was investigated [18, 43].

Effect of Extraction Method

Among the investigated techniques, high-
speed extraction provided the highest dry
residue value (2.56 + 0.01%), followed by
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maceration and percolation (Table 4). The
superiority of high-speed extraction may be
explained by the rapid mechanical destruction
of plant tissues, which increases the contact
area between the plant material and solvent.
Intensive mixing likely enhanced the diffusion
of eugenol, flavonoids, anthocyanins, and
other phenolic constituents into the
extractant. In addition, the relatively short
duration of this method minimized the
degradation of volatile and thermolabile
compounds. By contrast, percolation and
maceration required a longer extraction
period and therefore probably resulted in
greater losses of volatile compounds [18].

Table 4. Effect of extraction method on dry residue content

Method Dry residue (%)
Percolation 2.01£0.03
Maceration 213 +£0.02
High-speed extraction 2.56 + 0.01

Effect of Extraction Time

The amount of dry residue increased
gradually with increasing extraction time and
reached a maximum value after 7 min (Table
5). The sharp increase between 1 and 7 min
indicates that most extractable constituents
were released during the early stages of
extraction. The subsequent decrease
observed after 10 min most likely reflects the
evaporation of essential oil components and
oxidative degradation of phenolic
compounds. Since eugenol and several
anthocyanins are sensitive to prolonged
exposure to oxygen and mechanical stress,
excessive extraction time may reduce the
quality of the extract despite a similar total dry
residue. The extraction efficiency increased
progressively with increasing processing time
and reached its maximum at 7 min. This
finding indicates that high-speed extraction
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provided sufficient disruption of plant tissues
and promoted rapid release of bioactive
constituents within a relatively short period.
However, extending the extraction time
beyond 7 min resulted in a slight decrease in
dry residue content. This reduction may be
associated with the degradation or
volatilization of thermolabile and volatile
compounds, particularly eugenol and other
aromatic constituents present in
S.aromaticum. Prolonged processing may
also promote oxidation of polyphenolic
compounds and partial destruction of
sensitive phytochemicals due to increased
shear stress and cavitation intensity.
Therefore, 7 min was considered the optimal
extraction time, providing the best balance
between extraction efficiency and
preservation of biologically active compounds
[18, 42-44].
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Table 5. Effect of extraction time on dry residue content

Time (min) Dry residue (%)
1 1.06 £ 0.00
3 2.21 £0.00
5 2.43 £0.00
7 2.58 + 0.00
10 2.47 £ 0.00

Effect of Raw Material-to-Extractant Ratio
Although the 1:5 ratio produced the highest
dry residue, the resulting extract was
excessively viscous, difficult to filter, and
contained a substantial amount of ballast
material. In contrast, the 1:10 ratio provided a
more homogeneous extract with lower

viscosity and superior physical stability. The
lower number of insoluble substances
obtained at 1:10 also facilitated subsequent
incorporation into the final semisolid dosage
form. Therefore, the ratio of 1:10 was
considered optimal (Table 6).

Table 6. Effect of raw material-to-extractant ratio on dry residue content

Ratio Dry residue (%)
1:5 3.16 £ 0.02
1:10 2.57 £ 0.03
1:15 2.25+0.02
1:20 1.52 £ 0.01

Effect of Extraction Temperature

The highest extraction efficiency was
obtained at 26 °C (Table 7). Temperatures
above this value led to a gradual decrease in
dry residue. This reduction probably resulted
from the instability of thermolabile compounds
such as anthocyanins and volatile terpenes.

Elevated temperatures may also accelerate
oxidation reactions and evaporation of clove
essential oil constituents. Consequently, the
use of mild temperatures is advantageous for
preserving the biological activity of the extract
[18].

Table 7. Effect of temperature on dry residue content

Temperature (°C) Dry residue (%)
22 2.41+£0.04
24 2.52 +0.03
26 2.79+£0.02
30 2.56 + 0.01
38 2.42 £ 0.01

Effect of Ethanol: Propylene Glycol Ratio

The influence of the solvent composition was
one of the most critical parameters affecting
the quality of the obtained phytoextract (Table
8). Although the highest dry residue was
obtained with the 80:20 ethanol:propylene
glycol system, this solvent mixture also
extracted a larger amount of undesired ballast

substances, including sugars, mucilage, and
other high-molecular-weight constituents. As
a consequence, the resulting extract exhibited
higher viscosity, lower transparency, more
difficult filtration, and reduced long-term
stability. Increasing the proportion of
propylene glycol above 5% also appeared to
impair the efficiency of high-speed extraction
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because the higher viscosity of the medium
limited solvent penetration and mass transfer
within the plant particles. Similar observations
have been reported for plant extraction
systems in which excessive amounts of
propylene glycol decreased extraction
selectivity and complicated subsequent
processing. By contrast, the 95:5
ethanol:propylene glycol mixture yielded a
lower total dry residue but produced a cleaner
and more selective extract enriched in the
desired phenolic and volatile compounds.
This solvent system provided improved
extract clarity, lower viscosity, easier filtration,
better microbiological stability, and a more
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reproducible  composition. The lower
proportion of propylene glycol was still
sufficient to enhance the solubility of semi-
polar constituents, while the high ethanol
content favored the extraction of eugenol-rich
and flavonoid-rich fractions [18-19, 32, 42].
Therefore, the final selection of the 95:5
ethanol:propylene glycol ratio was based not
only on the total extraction yield but also on
the superior qualitative composition and
stability of the resulting extract. This finding
indicates that the highest dry residue does not
necessarily correspond to the most suitable
phytocomposition for further pharmaceutical
development.

Table 8. Effect of ethanol: propylene glycol ratio on dry residue content

Ratio Dry residue (%)
80:20 3.73+0.03
90:10 3.46 £ 0.02
95:5 2.56 £ 0.04
60:40 2.48 £ 0.05
50:50 2.13+£0.02
40:60 1.68 £ 0.04
30:70 1.04 £ 0.04

Effect of Rotation Speed

Among the investigated rotation speeds, 3200
rpm provided the highest extraction efficiency
and yielded the most suitable
physicochemical characteristics of the
phytoextract (Table 9). At lower rotation
speeds, the mechanical force was insufficient
to achieve complete disruption of the plant
material, resulting in lower extraction
efficiency. In contrast, higher rotation speeds
negatively affected the extract quality, most

likely because of excessive aeration, foaming,
and possible degradation of thermolabile
constituents. Therefore, 3200 rpm was
selected as the optimum rotation speed for
further studies. Consequently, the final
optimized extraction conditions consisted of
high-speed extraction for 7 min at 26 °C using
a 95:5 ethanol: propylene glycol mixture, a
raw material-to-solvent ratio of 1:10, and a
rotation speed of 3200 rpm [18].

Table 9. Effect of rotation speed on dry residue content

Rotation speed (rpm) Dry residue (%)
2800 2.37 £0.04
3000 243 +0.02
3200 2.56 +0.04
3400 2.18 £ 0.01
3600 1.65 £ 0.05
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Elemental Composition of the Optimized
Extract

The macro- and microelement composition of
the optimized extract (Composition IlI) was
evaluated to assess both its potential
biological benefits and its safety (Table 10).
The relatively high calcium content may
contribute to keratinocyte proliferation and
epidermal regeneration, whereas magnesium
and potassium are involved in cellular
metabolism and osmotic balance. Copper is
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of particular interest because it is closely
associated with collagen synthesis and
wound healing. Therefore, the elemental
profile of the extract may additionally support
its biological activity. Importantly, the heavy
metal contents remained well below accepted
pharmacopoeia and toxicological limits. This
result confirms that the developed extract is
suitable for topical use and that the selected
raw plant materials were of adequate quality
[18, 31-33, 42].

Table 10. Elemental composition of the optimized phytoextract

Element Content
Ca (%) 0.23

P (%) 0.05
Mg (%) 0.0201
K (%) 0.02
Fe (%) 0.0012
Cu (mg/kg) 5.34
Ni (mg/kg) 1.62
Co (mg/kg) 0.22
Cr (mg/kg) 0.41
Sr (mg/kg) 114
Pb (mg/kg) 0.1
As (mg/kg) 0.07
Cd (mg/kg) 0.011
Hg (mg/kg) 0.003

Stability Study

The long-term stability study demonstrated
that the packaging material had a pronounced
effect on the quality of the optimized
phytoextract. When stored in dark glass
containers, the extract retained its original
appearance, characteristic odor, pH, and
phytochemical composition throughout the
storage period. Only minor reductions in dry
residue, extractive substances, rutin, and
eugenol content were observed after 24
months, indicating gradual but limited
degradation of the bioactive constituents
(Table 11). In contrast, samples stored in
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plastic containers underwent substantially
greater changes during storage. Progressive
darkening, marked reduction in odor intensity,
lower pH values, and significant decreases in
dry residue, extractives, rutin, and eugenol
content were observed. These findings
suggest that the permeability of plastic
packaging to oxygen and volatile compounds
accelerated the oxidation and loss of phenolic
and aromatic constituents (Table 12).
Therefore, storage in dark glass containers at
12-15 °C should be recommended for the
final phytoextract formulation.
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Table 11. Stability of the optimized phytoextract during storage in dark glass containers

Dry . .
Storage . Extractives | Rutin Eugenol
period Color Odor ;';s)ldue (%) (mg/mL) | (%) pH
0
Initial Cherry | Characteristic | , 5 325 26.90 95 45
red aromatic odor
6 months | ey | No  significant |, 5, 31.8 25.9 93 4.4
red change
12 Slightly
lighter Slight decrease | 2.44 31.0 24.8 91 4.2
months
red
24 Slight . 3.9-
months fading Slight decrease | 2.30 29.8 20.82 89 5 1
Table 12. Stability of the optimized phytoextract during storage in plastic containers
Dry . .
Storage . Extractives | Rutin Eugenol
period Color Odor :;s)ldue (%) (mg/mL) | (%) pH
(1]
Initial Cherry | Characteristic | , ;¢ 325 26.90 95 45
red aromatic odor
6 months | Dark red | ouceable 2.28 26.4 18.7 84 4.0
decrease
12 Brownish | Markedly 212 22 1 145 78 37
months red reduced
24 Brown | Marked 2.00 19.3 10.0 73 35
months decrease
Antioxidant Activity eugenol, flavonoids, and anthocyanins

The antioxidant activity of the optimized
extract (Composition Il) was assessed by the
DPPH method (Table 13). The extract
exhibited strong concentration-dependent
free radical scavenging activity. The low IC50
value indicates that only a relatively small
amount of extract was required to neutralize
50% of the DPPH radicals. This pronounced
activity is likely related to the high content of

present in the optimized composition. The
strong antioxidant capacity is particularly
important for the intended topical application
because oxidative stress is one of the major
factors responsible for delayed wound healing
and chronic inflammation. Therefore, the
developed extract may contribute not only to
microbial control but also to tissue
regeneration[30,32].

Table 13. Antioxidant activity of the optimized extract determined by DPPH assay

Parameter Value
ICs0 (mg/mL) 1.58
R? (Coefficient of Determination) 0.998

3.7. HET-CAM Assay and Irritation
Potential
The irritation potential of the optimized

phytoextract (Composition 1) was evaluated
using the HET-CAM assay, and the obtained
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irritation scores are presented in Table 14. As
expected, 0.9% NaCl produced no irritation,
whereas sodium lauryl sulfate (SLS) caused
a severe irritant response with an irritation
index of 18.0 £ 1.15. In contrast, Composition
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Il exhibited a markedly lower irritation index
(2.45 = 0.35) and was therefore classified as
non-irritant [59]. The low irritation potential
may be attributed to the balanced
phytochemical composition of the extract.
Although the formulation contains phenolic
compounds with strong antimicrobial activity,
the presence of yarrow- and hibiscus-derived
constituents may contribute to reducing local
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irritation. The observed result is particularly
important because the intended application
involves damaged or sensitive skin. Taken
together with its pronounced antimicrobial
and antioxidant properties, the very low
irritation potential indicates that the optimized
phytoextract is suitable for further
development as a topical pharmaceutical or
cosmetic ingredient.

Table 14. HET-CAM irritation scores of the optimized extract.

Group Irritation index Classification

0.9% NaCl 0.00 £ 0.00 Non-irritant

SLS 18.0£1.15 Severe irritant

Composition |l 2.45 +0.35 Non-irritant
Overall, the study demonstrated that the CONCLUSION

biological and physicochemical properties of
the investigated phytocompositions
depended strongly on the ratio of the three
plant extracts and on the selected extraction
conditions. The optimized 6:1:3 composition
provided the most favorable combination of
antimicrobial efficacy, antioxidant activity,
physicochemical stability, and safety. The
results further showed that obtaining the
highest extraction yield is not necessarily
equivalent to obtaining the highest quality
extract. Several conditions, such as the 80:20
solvent system and the 1:5 plant-to-solvent
ratio, produced higher dry residue values but
also extracted undesirable ballast substances
and reduced the stability of the final product.
Therefore, the selected extraction parameters
represent a compromise between quantitative
yield and qualitative composition. The final
optimized extract (Composition Il) remained
stable for 24 months in dark glass packaging,
demonstrated significant antioxidant activity,
exhibited broad-spectrum  antimicrobial
activity, and showed no irritation in the HET-
CAM assay. These findings support the
potential use of  the developed
phytocomposition as a safe and effective
topical ingredient for pharmaceutical or
cosmetic applications.

In the present study, a multifunctional
phytoextract based on Syzygium aromaticum,
Achillea millefolium, and Hibiscus sabdariffa
was successfully developed and optimized for
potential topical pharmaceutical and cosmetic
applications. Among the investigated
phytocompositions, the 6:1:3 ratio exhibited
the most favorable combination of
physicochemical properties, antimicrobial
activity, antioxidant potential, and tolerability.
The extraction procedure was successfully
optimized using high-speed extraction, and
the most suitable conditions were identified as
7 min extraction time, 26 °C, a 95:5 ethanol:
propylene glycol solvent system, a raw
material-to-solvent ratio of 1:10, and a
rotation speed of 3200 rpm. Under these
conditions, the optimized extract
(Composition 1) demonstrated strong
inhibitory activity against Staphylococcus

aureus, Escherichia coli, and Candida
albicans,  together  with pronounced
antioxidant activity.

Long-term stability studies further

demonstrated that the Composition Il retained
its quality for up to 24 months when stored in
dark glass containers, whereas marked
deterioration occurred in plastic packaging. In
addition, the extract was found to be non-
irritant in the HET-CAM assay. Overall, the
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results obtained indicate that the optimized
phytoextract is a promising natural active
ingredient for the preparation of stable,
effective, and well-tolerated topical
formulations (ointment, cream, nanogel with
Ag/Au  nanoparticles) possessing high
prospective potential for the management of
small skin lesions, inflammatory dermatoses,
and microbially contaminated skin conditions.
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Xiilaso

Bu tedgigatin magsadi potensial topikal aczacgiliq ve kosmetik tetbigler Ucln mixak (Syzygium
aromaticum), boymaderan (Achillea millefolium) va hibiskusdan (Hibiscus sabdariffa) ibarat
coxfunksiyall fitoekstrakt hazirlamaq ve optimallasdirmaqdir. Ug fergli fitokompozisiya hazirlanmig ve
antimikrob aktivliyi, antioksidant potensial, fiziki-kimyavi xususiyyatlari, tehlikasizliyi ve uzunmuddatli
stabilliyi baximindan miaqayisali sekilde giymatlandirilmisdir. Tadqigat sistemleri arasinda mixak,
boymadaran ve hibiskusdan ibarat terkib 6:1:3 nisbatinda an alverisli profil nUmayis etdirmis ve buna
g6ra da optimallasdiriimis formulasiya kimi secilmisdir. Ekstraksiya prosesi ekstraksiya metodunun,
ekstraksiya middatinin, bitki-halledici nisbatinin, temperaturun, halledici terkibinin va firlanma slratinin
tosirini arasdirmagla sistematik sakilde optimallasdinimisdir. 95:5 etanol: propilen glikol qarisigi,
xammal-halledici nisbati 1:10 va firlanma slrati 3200 ddvr/daq istifade edilerek 26 °C-de 7 deqigs
arzinds yuksak suratli ekstraksiya keyfiyyat, antimikrob aktivliyi ve uzunmuddatli stabillik baximindan
an uygun ekstrakti verdi. Optimallagdiriimig fitokompozisiya, minimum inhibitor konsentrasiyasi 0,25
ml olmaqla Staphylococcus aureus va Escherichia coli-ye qarsi aciq antimikrob aktivliyi nimayis
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etdirdi, Candida albicans-in tam inhibisyonu ise 0,50 ml-de elda edildi. Ekstrakt hamg¢inin DPPH
analizinda 1,58 mqg/ml IC50 dayari ile giicll antioksidan aktivlik nimayis etdirdi. Uzunmuddatli stabillik
tedqgiqatlar gosterdi ki, optimallasdiriimis ekstrakt tind stss gablasdirmada saxlanildigda 24 aya
gader sabit galib. Rutin va evgenol tarkibinde, quru galiqgda va pH-da yalniz kicik dayisiklikler misahide
edildi, plastik gablarda saxlama ise nezaregarpacaq daracads fiziki-kimyavi pisleasmaya sabab oldu.
Optimallagdiriimis ekstraktin HET-CAM analizinde qiciglanmayan oldugu va qiciglanma indeksinin
2,45 + 0,35 oldugu askar edilmisdir. Umumilikds, hazirlanmis fitokompozisiya giiclii antimikrob ve
antioksidant aktivliyi yaxsi stabillik ve ala tolerantligla birlesdirmisdir. Bu tapintilar optimallasdiriimig
fitoekstraksin topikal aczaciliq ve kosmetik formulalarin hazirlanmasi Gglin perspektivli aktiv terkib
hissesi kimi xidmat eda bilacayini gostarir.

Acar soézlor: Syzygium aromaticum, Achillea millefolium, Hibiscus sabdariffa, yliksek siirotli
ekstraksiya, antimikrob aktivlik, antioksidan aktiviik, HET-CAM, topikal fitokompozisiya
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Pe3lome

Llenbto HacTosiwero nccnegosaHusa 6uino paspaboratb M ONTUMM3NPOBATL MHOTOYHKLMOHANbHbIN
PUTOIKCTPAKT, cocToawmn wu3 reo3gukn (Syzygium aromaticum), TbicadenuctHuka (Achillea
millefolium) v rnbwckyca (Hibiscus sabdariffa), ons noTeHunanbHOro NpMMeHeHnsa B hapmaLeBTUKE U
KocmeTuke. Bbinv npurotoBneHbl TpM pasnmyHbiX PUTOKOMMNO3MLMK, KOTOpble Obinv CpaBHUTENBHO
OLEHEHbl C TOYKM 3PEHUS aHTUMMKPOOHOW aKTUBHOCTW, aHTMOKCMOAHTHOro noteHuuana, uaunko-
XUMUYECKMX CBOWCTB, ©e3onacHOCTM U AOMAroBpeMeHHOW cTabunbHocTM. Cpean uccnenoBaHHbIX
CUCTEM KOMMO3NUMSA, CoAaepXalwias rBO3AMKY, TbICAYENIUCTHUK M TMOUCKYC B COOTHOWeEHun 6:1:3,
nokasana Haunbonee OnaronpuATHbIN nNpodunb M no3atoMy 6bina BbibpaHa B KavecTBe
ONTUMU3NPOBAHHOM peuenTypbl. Mpouecc aKcTpakuumn Gbin cucTeMaTMYeckn ONTUMU3NPOBAH NyTeEM
NCCneaoBaHNs BNUSIHUSA METO4A 9SKCTPaKUMWM, BPEMEHW IKCTPAKLMKW, COOTHOLUEHUS pacTEHUs U
pacTBOpuTeEnsi, TeMneparypbl, COCTaBa pacTBOPUTENS M CKOPOCTM BpalleHus. BbicokockopocTHas
3KCTpakuusa, npoBedeHHass B TedyeHme 7 MUHYT npu 26 °C ¢ Mcnonb3oBaHMEM CMECWU 3TaHona wu
NPOMUNEHITNINKONA B COOTHOLWLEHMU 95:5, COOTHOLLEHUSA cbipbs K pacteoputento 1:10 u ckopocTu
BpawieHmss 3200 o6/MuH, no3sonuna nonyuntb Hanbonee NOOAXOOALLMIN IKCTPAKT C TOYKM 3pPEeHUs
KayectBa, aHTUMMKPOOHOM aKTMBHOCTU W [ONrOBPEMEHHOW cTabunbHoCTU. ONTUMU3NPOBAHHbLIN
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PUTOKOMMNO3UT  MPOLAEMOHCTPUPOBAN  BbIPAXEHHYD  aHTUMUKPOOHYO  aKTMBHOCTb  MPOTUB
Staphylococcus aureus v Escherichia coli ¢ MMHUManbHOM MHIMBUpyloLwen koHueHTpaumen 0,25 mn,
B TO BpeMs Kak nonHoe nHrnbuposaHme Candida albicans 6bino gocturHyto npu 0,50 mn. OkcTpakT
TaKkKe MposIBUST CUSbHYIO aHTUOKCUOAHTHYK akTMBHOCTbL B TecTe DPPH co 3HaueHnem IC50 1,58
mr/mn. VccnenoBaHna JONroBpeMEHHOM CTabunbHOCTU Nokasanu, YTO ONTUMU3MPOBAHHbIN SKCTPaKT
octaBasnca cTabunbHbiM OO0 24 MecAueB NPU XpaHEHWM B TEMHOMW CTEKISIHHOM YyMaKkoBKe.
Habnioganucb Nywb He3HaYMTENbHbIE M3MEHEHWSI COOEPXKaHUS PyTUHA M 3BreHona, Cyxoro octaTka u
pH, Toraa kak xpaHeHue B MMacTUKOBbIX KOHTEMHepax NpuBeno K 3aMeTHOMY yXyALeHuo usnko-
XUMUYECKNX CBOMCTB. ONTUMU3MPOBAHHbLIN 3KCTPaKT OKasarncs He BbI3blBAOLWUM pasgpaxeHus B
Tecte HET-CAM, c ungekcom pasgpaxeHus 2,45 + 0,35. B uenowm, paspaboraHHas MTOKOMMNO3NLNS
coyetaeT B cebe CWUMbHYD AHTUMWUKPOOHYKD W aHTMOKCMAAHTHYIO aKTMBHOCTb C  XOPOLUEN
CTabunbHOCTBIO U OTMIMYHOW  MEePEeHOCUMOCTbI.  JOTW  pesynbraTbl  MOKasblBalT,  YTO
ONTUMU3NPOBAHHBIN (PUTOIKCTPAKT MOXKET CIYXUTb NEPCMNEKTUBHBIM aKTUBHLIM WUHIPEOUEHTOM OIS
pa3paboTkM NekapcTBEHHbIX NpenapaToB AS11 MECTHOIO NPUMEHEHUS U KOCMETUYECKNX CPEaCTB.

Knroyeebie cnoea: Syzygium aromaticum, Achillea millefolium, Hibiscus sabdariffa,
8bICOKOCKOPOCMHas IKempaKkyusi, aHmuMuKpobHasi akmueHOCMb, aHmMuUOoKcudaHmHasi akmusHOCMb,
HET-CAM, cbumokomno3auuyusi 051151 MECIMHO20 rpUMEHEHUS
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ANTIMICROBIAL ACTIVITY OF SALVIA ROSMARINUS SPENN.
INTRODUCED UNDER ABSHERON CONDITIONS AGAINST THE
PRINCIPAL ETIOLOGICAL AGENTS OF SCALP DERMATOSES

Gadirova H.A.", Aliyeva H.M."" Mammadova N.H.?*, Bayramova R.S.!, Mammadova V.V.2, Mehtiyev
B.E.2

Abstract

This study investigates the antimicrobial activity of Salvia rosmarinus Spenn. cultivated under the
conditions of the Absheron peninsula against pathogens associated with scalp dermatoses. The
relevance of the research is driven by the high prevalence of these conditions and the increasing
antimicrobial resistance of pathogens.

The aim of the study was to comparatively evaluate the antimicrobial activity of essential oil and
hydroalcoholic extracts obtained from aerial and underground parts of the plant. Clinical isolates from
78 patients, along with reference strains Staphylococcus aureus ATCC 29213 and Candida albicans
ATCC 10231, were used. Antimicrobial activity was assessed using the disk diffusion method and
determination of minimum inhibitory concentration (MIC).

The essential olil, rich in 1,8-cineole and a-pinene, demonstrated the highest antimicrobial activity (MIC
0.5-1.25%). Aerial part extracts showed moderate activity, while root extracts exhibited weak effects.
Similar patterns were observed against dermatophytes and yeast-like fungi.

The obtained data confirm the potential of using the essential oil of Salvia rosmarinus Spenn. in the
development of phytotherapeutic agents for the treatment of infectious dermatoses of the scalp.
Keywords: Salvia rosmarinus Spenn, rosemary, antimicrobial activity, essential oil, scalp dermatoses,
dermatophytes, phytotherapy

INTRODUCTION Salvia rosmarinus Spenn. (synonym:
Investigations into the phytochemical Rosmarinus officinalis L.) is an evergreen
composition of Salvia rosmarinus Spenn. aromatic shrub of the family Lamiaceae,
have demonstrated that different plant widely recognized as an essential oil-
organs, including the roots, contribute to the bearing plant. Under the conditions of the
formation of a unified phytocomplex with a Absheron peninsula, it reaches a height of
broad spectrum of biological activity. 1.5-2.0 m. Its leaves are linear and
Moreover, comprehensive processing of leathery, with prominent essential oil
the entire rosemary biomass is regarded as glands. Flowering occurs in May—-June and
a promising strategy for obtaining lasts approximately 4-6 weeks,
biologically active compounds. corresponding to the period of maximal

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
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were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
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accumulation of secondary metabolites; the
flowers are light blue and arranged in false
whorls [21].

The biological activity of the essential oil of
S. rosmarinus is largely attributable to its
high content of terpene compounds, the
predominant constituents being 1,8-
cineole, a-pinene, B-pinene, a-terpinene,
linalool, sabinene, and other components
[19]. These compounds account for the
antioxidant, anti-inflammatory, and
antimicrobial properties of the plant [1, 2].

Beyond the essential oil, extracts from both
the aerial and underground parts of
rosemary are of considerable interest.
Extracts derived from the aerial organs
(leaves and stems) are characterized by a
high content of phenolic compounds, such
as rosmarinic acid, carnosic acid, and
carnosol. These compounds exhibit
pronounced antioxidant activity, inhibit lipid
peroxidation, and possess anti-
inflammatory properties [1,4]. Rosemary
leaf extracts have also been shown to
display antimicrobial activity against a
broad range of bacterial and fungal
pathogens. However, the available data
remain fragmentary and require further
systematization, particularly with regard to
the sensitivity of clinically significant
microorganisms to these phytocomponents
[20].
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Extracts from the underground part (roots)
have been investigated to a lesser extent;
nevertheless, there is evidence indicating
the presence of phenolic acids and other
secondary metabolites with antioxidant
activity [5]. These compounds are believed
to participate in plant adaptation
mechanisms under stressful conditions,
including abiotic environmental factors [6].
A number of studies have pointed to the
potential pharmacological significance of
root extracts; however, this field still
requires further investigation.

Thus, the biological activity of S.
rosmarinus is determined not only by its
essential oil, but also by a complex of
biologically active substances present in
extracts of both the aerial and underground
parts of the plant, thereby broadening its
potential applications in medicine and
pharmaceuticals.

Despite the substantial body of research
devoted to the antimicrobial properties of
the essential oil of S. rosmarinus
comparative analyses of the activity of
different plant parts (aerial and
underground) remain insufficiently
explored. Data concerning differences in
the phytochemical composition of these
parts are limited, and their influence on
antimicrobial activity against clinical strains
isolated from patients with scalp disorders
has likewise been inadequately studied.
The lack of such investigations is
particularly evident in regions with specific
climatic and environmental conditions [10].
The city of Baku, a major industrial center
of the Caspian region, is characterized by a
combination of unfavorable factors,
including a dry subtropical climate, high
wind activity, and air pollution. Together
with the stress-related effects of the urban
environment, these conditions may
contribute to impairment of the skin barrier
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and to an increased
dermatoses.
Accordingly, it appears warranted to
investigate the antimicrobial potential of the
essential oil, as well as extracts from the
aerial and underground parts of S.
rosmarinus  cultivated in the Absheron
region of Azerbaijan, against reference and
clinical  strains of  microorganisms
associated with scalp diseases. The results
obtained may contribute to the
development of novel phytotherapeutic
agents for the prevention and treatment of
these pathologies.

The aim of the study was to evaluate the
antimicrobial activity of the essential oil and
extracts from the aerial and underground
parts of S. rosmarinus against the principal
microorganisms responsible for scalp
diseases.

To achieve this aim, the following objectives
were formulated:

— to perform a comparative analysis of the
phytochemical composition of the essential
oil and the aerial and underground parts of
S. rosmarinus;

— to isolate and identify the principal
microbial strains from clinical specimens
obtained from patients with scalp diseases;
— to assess and compare the antimicrobial
activity of the essential oil and extracts of
the aerial and underground parts against
reference strains and clinical isolates;

— to determine the minimum inhibitory
concentrations (MICs) and to conduct a
comparative evaluation of the efficacy of
the different plant fractions.

MATERIALS AND METHODS

The study used aerial (leaves and shoots)
and underground (roots) organs of plants
introduced and cultivated on the Absheron
peninsula (Azerbaijan). Plant material was
collected during the flowering stage in the
Baku Dendrological Garden. The harvested

risk of scalp
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raw material was shade-dried at 25-30°C
for 10 days under natural ventilation until an
air-dry state was achieved. The dried
material was then ground in a laboratory
mill to a particle size passing through a 2
mm sieve.

The essential oil was isolated from the
aerial parts of the plant by hydrodistillation
(steam distillation) according to the
Ginzburg method.

Aqueous-alcoholic extracts were prepared
separately from the aerial and underground
parts of the plant by maceration in 70%
ethanol. The use of an aqueous-alcoholic
solvent ensured efficient extraction of a
broad range of biologically active
compounds, including phenolic
compounds, flavonoids, and organic acids.
The study included clinical specimens
obtained from 78 patients with scalp
diseases. Samples were collected by sterile
scraping of the affected skin areas and by
hair epilation using sterile instruments.
Microorganisms were identified using
microscopic, cultural, and molecular
methods. Microscopic examination was
performed with a 10-20% potassium
hydroxide (KOH) solution. Fungal isolates,
including yeasts of the genus Malassezia
and dermatophytes of the genera
Trichophyton and Microsporum, were
identified on the basis of morphological
characteristics and further confirmed by
polymerase chain reaction (PCR). Candida
albicans was identified using the germ tube
test and cultivation on chromogenic media.
Malassezia yeasts were cultured on lipid-
dependent media (Dixon agar, Leeming-
Notman agar) at 32-34°C. Standard
reference strains of Staphylococcus aureus
ATCC 29213 and C. albicans ATCC 10231
were used as control test cultures, thereby
ensuring reproducibility of the results and
comparability with international data in
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accordance with the recommendations of
the Clinical and Laboratory Standards
Institute and the European Committee on
Antimicrobial Susceptibility Testing.

Determination of antimicrobial activity.
The antimicrobial activity of the essential oil
and extracts was evaluated by the disk
diffusion method and by determination of
the minimum inhibitory concentration (MIC)
using both clinical isolates and reference
strains. Prior to testing, the samples were
dissolved in 1-5% dimethyl sulfoxide
(DMSO). For the disk diffusion assay,
microbial suspensions were standardized
to 0.5 McFarland (=1.5 x 10® CFU/mL for
bacteria and =1.0 x 10° CFU/mL for fungi)
and inoculated onto solid nutrient media
(Mueller—Hinton agar and Sabouraud
Dextrose Agar). Sterile paper disks (6 mm)
were impregnated with the test samples
and placed on the agar surface. Incubation
was carried out at 37°C for 24 h for bacteria
and at 28-30°C for 48—72 h for fungi. The
results were assessed by measuring the
diameters of growth inhibition zones (mm).
The minimum inhibitory concentration was
determined by two-fold serial dilutions in
liquid nutrient media (Mueller—Hinton broth
and Sabouraud broth). The essential oil
was pre-dissolved in DMSO to obtain a
stock solution with a concentration of 10%
(v/v). The final concentration range was
5.0-0.312% (v/v). MIC was defined as the
lowest concentration at which visible
microbial growth was completely inhibited.
Statistical analysis was performed using
GraphPad Prism software. Differences
between groups were assessed using
Student’'s t-test and were considered
statistically significant at p < 0.005.

RESULTS AND DISCUSSION:

The content of essential oil obtained from
the aerial parts of S. rosmarinus was 2.06%
of the absolute dry weight of the raw
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material, which is consistent with published
data for plants cultivated under warm
climatic conditions [22-25].

The high content of oxygenated
monoterpenes, primarily  1,8-cineole,
underlies the pronounced antimicrobial
activity of the essential oil through
disruption of microbial cell membrane

integrity and inhibition of enzymatic
systems [19, 26,29]. Water-alcohol extracts
of the aerial organs were characterized by
a higher content of phenolic compounds
(including rosmarinic acid and flavonoids),
whereas the underground  organs
contained these compounds in smaller
quantities, which determined differences in
biological activity [30-33].

The observed differences in chemical
composition may be associated with the
ecological and geographical conditions of
the Absheron peninsula, including high
insolation and an arid climate, which
influence the biosynthesis of secondary
metabolites [34-37].

The study included 78 patients with scalp
diseases (mean age 34.6 + 12.3 years),
among whom fungal infections
predominated, in agreement with current
epidemiological data [38—42]. The most
frequently identified taxa were
representatives of the genera Malassezia
(41.0%), Trichophyton (28.2%), and
Microsporum (12.8%), as well as C.
albicans (17.9%).

Polymicrobial associations were identified
in 50% of patients, most commonly
combinations of fungal and bacterial flora,
including S. aureus, indicating the complex
nature of scalp infections and the need for
an integrated therapeutic approach [38,42—
45].

The antimicrobial activity of the tested
samples was assessed against the
reference strains S. aureus ATCC 29213
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and C. albicans ATCC 10231 [46]. The
essential oil demonstrated pronounced
antimicrobial activity: the diameters of
growth inhibition zones were 25 mm for S.
aureus and 20 mm for C. albicans,
indicating high susceptibility of these
microorganisms, as reported in the
literature from 2020 to 2026. These data
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are comparable to the findings of other
studies, in which inhibition zones ranged
from 18 to 30 mm [45,47—49] (Table 1).
Extracts of the aerial organs exhibited
moderate activity, whereas extracts of the
underground organs were characterized by
weak antimicrobial effects.

Table 1. Antimicrobial activity of Salvia rosmarinus Spenn. against reference strains (disk

diffusion method)

Microorganism Essential oil Extracts - | Extracts - | DMSO
(mm) Aboveground part | Underground part
(mm) (mm)

S. aureus 22-25 15-18 10-13 5-6

ATCC 29213

C. albicans 18-20 14-17 10-12 5-6

ATCC 10231

The results obtained indicate higher Investigation of the clinical strains showed

antimicrobial activity in the aerial organs of
the plant, which is associated with
increased levels of phenolic compounds
and flavonoids possessing pronounced
antimicrobial properties [50-53].

that the essential oil exhibited the highest
activity among all samples studied. The
diameters of inhibition zones ranged from
16 to 25 mm (Table 2).

Table 2. Antimicrobial activity of Salvia rosmarinus Spenn. against clinical strains.

Microorganism Essential oil Extracts - aboveground | Extracts - belowground
(mm) part (mm) part (mm)

S.aureus 22-25 15-18 10-13

C. albicans 18-20 14-17 10-12

Malassezia spp. 18 15 11

Trichophyton spp. 16-17 13-15 10-12

Microsporum spp. 17-18 14-16 11-13
The obtained data demonstrate that To quantify antimicrobial activity, the
antimicrobial activity depends on the type of minimum inhibitory concentration (MIC)

plant material

in the following order:

essential oil > aerial parts > underground
parts. This pattern is attributable to
differences in the accumulation of
secondary metabolites in various plant
organs and is consistent with contemporary
research [54-57].
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method was employed.

The essential oil demonstrated the most
pronounced activity: the MIC was 0.5% for
S. aureus and 1.0% for C. albicans. For
dermatophytes, MIC values ranged from
0.5 to 1.25%, whereas for yeasts they were
approximately 1.25%. Extracts obtained
from the aerial parts showed moderate
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antimicrobial activity (MIC 1.0-2.5%),
whereas extracts from the underground
parts exhibited weak activity (MIC =2.0-
2.5%), which may be related to the lower
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content of biologically active compounds
and the organ-specific features of their
distribution [58—61] (Figure 1).

1 /\/'/‘
0,5

S. aureus C. albicans

=@="[Fssential oil

Trichophyton

=@— Above-ground extract

Microsporum Malassezia

Below-ground extract

Figure 1. Minimum inhibitory concentrations of Salvia rosmarinus Spenn. (MIC)

The high antimicrobial activity of the
essential oil is attributable to the presence
of monoterpenes (1,8-cineole, a-pinene),
which are capable of disrupting cell
membrane permeability and inhibiting
microbial metabolic processes [62—64].

CONCLUSION.

Thus, the findings of the present study
demonstrate that the essential oil of S.
rosmarinus cultivated in the Absheron
region exhibits pronounced antimicrobial
activity against both reference and clinical
microbial strains, whereas extracts of the
aerial parts exert a moderate effect and
those of the underground parts only a weak
effect. These data confirm the potential
applicability of the essential oil in
phytotherapeutic and dermatocosmetic
formulations intended for the treatment of
infectious and inflammatory diseases of the
scalp.

87

REFERENCES

1. Trueb RM. The scalp microbiome and
its role in dermatological disorders.
Dermatology. 2021;237(5):647—656.

2. Borda LJ, Wikramanayake TC.
Seborrheic dermatitis and dandruff: a
comprehensive review. J Clin Investig
Dermatol. 2022;10(1):1-8.

3. Gupta AK, Versteeg SG. Dermatophyte
infections in the modern era.
Mycopathologia. 2020;185(5):747—758.

4. Nenoff P, Verma SB, Ebert A, SUR A,
Fischer E, Auerswald E. The current
situation of dermatophytoses
worldwide. J Fungi. 2021;7(2):117.

5. Dréno B, Pécastaings S, Corvec S,
Veraldi S, Khammari A, Roques C.
Cutibacterium acnes
(Propionibacterium acnes) and skin
diseases. J Eur Acad Dermatol
Venereol. 2020;34(4):645—654.

6. World Health Organization. Global
antimicrobial resistance and use
surveillance system (GLASS) report
2023. Geneva: WHO; 2023.



Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05

7. Nieto G, Ros G, Castillo J. Antioxidant
and  antimicrobial  properties  of
rosemary (Salvia rosmarinus): a review.
Plants (Basel). 2022;11(3):345.

8. Man A., Santacroce L., Jacob R., Mare
A., Man L. Antimicrobial activity of six
essential oils against a group of
human pathogens: A comparative
study. Pathogens. 2019; 8(1): 15.
https://doi.org/10.3390/pathogens8010
015

9. Carneiro V.A.,, Melo R.S., Pereira
A.M.G., Azevedo A.M.A., Matos M.N.C.
et al. Essential oils as an innovative
approach against biofilm of multidrug-
resistant Staphylococcus aureus. 2020.

10.Sakkas H., Papadopoulou C.
Antimicrobial activity of basil, oregano,
and thyme essential oils // J.Microbiol.
Biotechnol. 2017. Vol. 27, no. 3. P. 429—
438.https://doi.org/ 10.4014/jmb.1608.0
8024.

11.Moumni S., Elaissi A., Trabelsi A.,
Merghni A., Chraief I., Jelassi B., Chemli
R., Ferchichi S. Correlation between
chemical composition and antibacterial
activity of some Lamiaceae species
essential oils from Tunisia // BMC
Complement. Med. Ther. 2020. Vol. 20,
art. 103.
https://doi.org/10.1186/s12906-020-
02888-6.

12.Panahi Y., Taghizadeh M., Marzony
E.T., Sahebkar  A. Rosemary
(Rosmarinus officinalis) oil in the
treatment of androgenetic alopecia: a
randomized comparative trial. Skinmed.
2015;13(1):15-21.

13.Koba K., et al. Chemical composition
and biological activity of rosemary
essential oil. Food Chem.
2017;214:462-471.

14.Mousavi S., et al. Topical rosemary oil
versus 2% minoxidil for hair growth in

88

Azarbaycan Tibb Universitetinin Jurnali
2026

androgenetic alopecia. J Dermatolog
Treat. 2016;27(3):1-7.

15.Al-Sereiti M.R., Abu-Amer K.M., Sen P.
Pharmacology of rosemary
(Rosmarinus officinalis Linn.) and its
therapeutic potentials. Indian J Exp Biol.
1999;37(2):124-130.

16.Shimizu K., et al. Antioxidant and hair
growth-promoting activities of rosemary
extract. Phytother Res.
2010;24(4):485-490.

17.Bozin B., et al. Antimicrobial properties
of rosemary essential oil. Lett Appl
Microbiol. 2007;44(6):408—412.

18.Farias M.A., et al. Rosemary as a
potential agent for hair growth: current
evidence and future perspectives.
Dermatol Ther. 2020;33:e13548.

19.Morphobiological characteristics and
essential oil of Rosmarinus Officinalis .
introduced in Absheron. BIO Web of
Conferences 100, 04049
(2024) https://www.bio-
conferences.org/articles/bioconf/abs/20
24/19/bioconf_ifbioscfu2024_04049/bio
conf_ifbioscfu2024 04049.html

20.Nieto G., Ros G., Castillo J.
(2018).Antioxidant and antimicrobial
properties of rosemary (Rosmarinus
officinalis, L.): A review.DOI:
10.3390/medicines5030098

21.9sgerov A. Azarbaycanin bitki alemi. —
Baki : aa TEAS Press, 2016. — 444
S.

22.Elansary H.O., Szopa A., Kubica P.,

Ekiert H. (2020).
Rosmarinus officinalis L.: Chemical
composition, antioxidant and
antimicrobial activity.
Plants, 9(8),

1040.https://doi.org/10.3390/plants908
1040

23.Nieto G., Ros
(2020).Antioxidant

G., Castillo J.
and antimicrobial


https://doi.org/10.3390/pathogens8010015
https://doi.org/10.3390/pathogens8010015
https://doi.org/10.1186/s12906-020-%2002888-6
https://doi.org/10.1186/s12906-020-%2002888-6
https://www.bio-conferences.org/articles/bioconf/abs/2024/19/bioconf_ifbioscfu2024_04049/bioconf_ifbioscfu2024_04049.html
https://www.bio-conferences.org/articles/bioconf/abs/2024/19/bioconf_ifbioscfu2024_04049/bioconf_ifbioscfu2024_04049.html
https://www.bio-conferences.org/articles/bioconf/abs/2024/19/bioconf_ifbioscfu2024_04049/bioconf_ifbioscfu2024_04049.html
https://www.bio-conferences.org/articles/bioconf/abs/2024/19/bioconf_ifbioscfu2024_04049/bioconf_ifbioscfu2024_04049.html

Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05

properties  of rosemary  (Salvia
rosmarinus).Molecules, 25(6),
1293.https://doi.org/10.3390/molecules
25061293

24 Hussain A.l., Anwar F., Sherazi S.T.H.,
Przybylski R. (2021).Chemical
composition and antioxidant activity of
rosemary essential oil.Journal of
Essential Oil Research, 33(2), 120-128.
https://doi.org/10.1080/10412905.2020.
1863797

25.Yeshiwas Y., Tadesse A. (2022).Effect
of environmental factors on essential oll
yield of rosemary.Industrial Crops and
Products,176,114318.https://doi.org/10.
1016/j.indcrop.2021.114318

26.Borges A., et al. (2020)Antibacterial
activity and mode of action of essential
oils and their components.Frontiers in
Microbiology
https://doi.org/10.3389/fmicb.2020.003
88 ; Nieto G., et al. (2020)

27.Antioxidant and antimicrobial properties
of rosemary essential oil (Salvia
rosmarinus).
Moleculeshttps://doi.org/10.3390/molec

ules25061293 ; Hussain A.l, et al.
(2021)

28.Chemical composition of rosemary
essential oil and variability with
environment.
Journal of Essential Oil Research

https://doi.org/10.1080/10412905.2020.
1863797

29.Nazzaro F., et al. (2021)Essential oils
and antimicrobial activity.
Moleculeshttps://doi.org/10.3390/molec
ules26020345

30.Andrade J.M., et al. (2022)
Bioactivity of phenolic compounds in
medicinal plants.
Phytomedicine.https://doi.org/10.1016/]
.phymed.2021.153910;

89

Azarbaycan Tibb Universitetinin Jurnali
2026

31.Sharma S., et al. (2023)Rosmarinic

acid:  biological  properties and
antimicrobial potential.
Food

Chemistry.https://doi.org/10.1016/j.food
chem.2022.134217.

32.Liu X., et al. (2022)
Distribution of secondary metabolites in
plant organs and ecological regulation.
Industrial Crops and Products
https://doi.org/10.1016/j.indcrop.2022.1
14560;

33. Alimpié A., et al. (2021)
Phytochemical variation in medicinal
plants depending on plant organs.
Plants
https://doi.org/10.3390/plants10081564

34.Selmar D., Kleinwachter M. (2020)
Stress enhances the synthesis of
secondary metabolites in plants.
Plants
.https://doi.org/10.3390/plants9050591;

35.Hussain A.l et al. (2021)
Environmental factors affecting
essential oil composition of medicinal
plants.

Journal of Essential Oil Research.
https://doi.org/10.1080/10412905.2020.
1863797,

36.Dong C.J., et al. (2021)
Drought stress induces accumulation of
phenolic  compounds in plants.
Frontiers in Plant Science

https://doi.org/10.3389/fpls.2021.68099
8;

37.Sanchez-Gomez P., et al. (2022)
Geographical variation in essential oil
composition of aromatic plants.
Industrial Crops and  Products
https://doi.org/10.1016/j.indcrop.2022.1
15123.

38.Seebacher C. et al. (2021)
The dermatophytes: epidemiology and
pathogenesis of tinea infections.


https://doi.org/10.1080/10412905.2020.1863797
https://doi.org/10.1080/10412905.2020.1863797
https://doi.org/10.1016/j.indcrop.2022.114560
https://doi.org/10.1016/j.indcrop.2022.114560
https://doi.org/10.3390/plants10081564
https://doi.org/10.1016/j.indcrop.2022.115123
https://doi.org/10.1016/j.indcrop.2022.115123

Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05

Mycoses
https://doi.org/10.1111/myc.13250;

39. Gaitanis G. et al. (2020)
The Malassezia genus in skin disease.
Frontiers in Cellular and Infection
Microbiology
https://doi.org/10.3389/fcimb.2020.001
40;

40.Krcmery V., Barnes AJ. (2021)
Non-albicans Candida spp. causing
infections: epidemiology and clinical
relevance.

Clinical Microbiology and Infection.
https://doi.org/10.1016/j.cmi.2020.10.029;

41.Hay R.J. et al. (2020)
Dermatophytosis: epidemiology and
treatment update. The Lancet Infectious
Diseases
https://doi.org/10.1016/S1473-
3099(20)30164-8;

42.Gupta AK. et al. (2022). Fungal
infections of the scalp: current
epidemiology and management.
Journal of Fungi.
https://doi.org/10.3390/jof8040351.

43.Totte J.E. et al. (2020)
Staphylococcus aureus in skin disease:
atopic  dermatitis and beyond.
Frontiers in Microbiology.

https://doi.org/10.3389/fmicb.2020.591
853;

44.Crespo-Erchiga V., Florencio V.D.

(2021)
Malassezia and bacterial interactions in
skin disorders. Journal of Fungi

https://doi.org/10.3390/jof7010006;
45.Fox E.P. et al. (2020) Biofilms in mixed
bacterial-fungal infections.
Nature Reviews Microbiology.
https://doi.org/10.1038/s41579-020-0402-7;
46.Mihaylova Y. et al.ln vitro study of
antimicrobial activity of essential oils of
Lamiaceae family against
Staphylococcus aureus ATCC 29213

90

Azarbaycan Tibb Universitetinin Jurnali
2026

and Candida albicans ATCC
10231.Proceedings of CBU in Natural
Sciences and ICT.
https://doi.org/10.12955/pns.v3.318.
47.Tkachenko H. et al. (2023)
In vitro antibacterial activity of rosemary

essential oil against clinical and
reference strains.
Scripta  Scientifica  Pharmaceutica.

https://doi.org/10.32999/ksu2524-0838/2023-
35-5;

48.Kullberg B.J., Arendrup M.C. (2021)
Invasive candidiasis. Clinical
Microbiology and Infection.
https://doi.org/10.1016/j.cmi.2020.10.0
29;

49.Nieto G. et al. (2020)
Rosmarinus officinalis essential oil:
chemical composition and antimicrobial
activity. Molecules.
https://doi.org/10.3390/molecules25061293.

50.Daglia M. (2021)
Molecules. Polyphenols as antimicrobial
agents in  plant-based systems
https://doi.org/10.3390/molecules26092300;

51.Cushnie T.P.T., Lamb A.J. (2020)
International Journal of Antimicrobial
Agents
Recent advances in understanding
antibacterial properties of flavonoids
https://doi.org/10.1016/j.ijantimicag.2020.106
010 ;

52.Alimpi¢ A. et al. (2021). Plants (MDPI)
Phytochemical variability among plant
organs in medicinal species.
https://doi.org/10.3390/plants10081564;

53.Xu L., Wang X. (2025). International
Journal of Molecular  Sciences
Distribution of secondary metabolites in
plant organs under environmental
regulation
https://doi.org/10.3390/ijms26125767.

54.Jin D. et al. (2020)
Secondary metabolites profiled in


https://doi.org/10.3389/fcimb.2020.00140
https://doi.org/10.3389/fcimb.2020.00140
https://doi.org/10.1016/j.cmi.2020.10.029
https://doi.org/10.1016/S1473-3099(20)30164-8
https://doi.org/10.1016/S1473-3099(20)30164-8
https://doi.org/10.3390/jof8040351
https://doi.org/10.1038/s41579-020-0402-7
https://doi.org/10.32999/ksu2524-0838/2023-35-5
https://doi.org/10.32999/ksu2524-0838/2023-35-5
https://doi.org/10.1016/j.cmi.2020.10.029
https://doi.org/10.1016/j.cmi.2020.10.029
https://doi.org/10.3390/molecules25061293
https://doi.org/10.3390/molecules26092300
https://doi.org/10.1016/j.ijantimicag.2020.106010
https://doi.org/10.1016/j.ijantimicag.2020.106010
https://doi.org/10.3390/plants10081564
https://doi.org/10.3390/ijms26125767

Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05 Azarbaycan Tibb Universitetinin Jurnali

different plant organs (leaves, stems,
roots).
Scientific Reports.
https://doi.org/10.1038/s41598-020-
60172-6;

55.Pang Z. et al. (2021)
Linking plant secondary metabolites
and plant microbiomes. Frontiers in
Plant Science
https://doi.org/10.3389/fpls.2021.62127
6;

56.Zhou P. et al. (2024).Spatial
metabolome of aerial and underground
plant parts.
Phytomedicine.
https://doi.org/10.1016/j.phymed.2023.15525
9

57.Palazon J., Alcalde M.A. (2025).
Secondary metabolites in plants.Plants
https://doi.org/10.3390/plants14142146

58.Elshafie H.S., Camele |. (2023)
A comprehensive review on plant
secondary metabolites and their
biological activity
International Journal of Molecular
Sciences.
https://doi.org/10.3390/ijms24043266;

59.Yang W. et al. (2024). Plant secondary
metabolites-mediated plant defense
against bacteria and fungi pathogens.
Plant Physiology and Biochemistry.
https://doi.org/10.1016/j.plaphy.2024.1
09224;

60.Li X.C. et al. (2024). Antimicrobial
secondary metabolites: sources and

2026

opportunities
Frontiers in Plant Science.
https://doi.org/10.3389/fpls.2024.13826
04; Rasheed A. et al. (2024)
Distribution and ecological role of plant
secondary metabolites
Plants.
https://doi.org/10.3390/plants13223162;
61.Zhang Y. et al. (2026). The rhizosphere
as a source of bioactive compounds
Rhizosphere.
https://doi.org/10.1016/j.rhisph.2026.101298.
62.Merghni A. et al. (2023)

1,8-Cineol (Eucalyptol) disrupts
membrane integrity and induces
oxidative stress in MRSA

Antioxidants.https://doi.org/10.3390/antiox
12071388;

63.Shahina Z. et al. (2022).Rosemary
essential oil and its components induce
cell death in Candida albicans. PLOS
ONE .https://doi.org/10.1371/journal.pone.0
277097,

64.Sharifi-Rad J. et al (2021)
Natural products and antimicrobial
mechanisms of essential oils. Frontiers
in Microbiology
https://doi.org/10.3389/fmicb.2021.621276;

65.Silva N.C.C., Fernandes Junior A.

(2020)
Biological properties of medicinal plant
terpenes. Molecules

https://doi.org/10.3390/molecules25163663;

SAGC DORISININ DERMATOZLARININ 8SAS ETIOLOJI TORSDICILORIN® QARSI, ABSERON
SORAITIND® INTRODUKSIYA OLUNMUS SALVIA ROSMARINUS SPENN. BITKISININ

ANTIMIKROB AKTIVLIYI

Qadirova H.A.", Oliyeva H.M."*, Bayramova R.S.", Memmadova N.H.?*, Memmadova V.V.2 Mehtiyev

B.E.?

'Azorbaycan Tibb Universiteti, tibbi Mikrobiologiya ve immuno/ogiya kafedrasi, Baki, Azarbaycan,
2 Azarbaycan Tibb Universiteti,Farmakoqnoziya kafedrasi, Baki, Azarbaycan,


https://doi.org/10.3389/fpls.2021.621276
https://doi.org/10.3389/fpls.2021.621276
https://doi.org/10.1016/j.phymed.2023.155259
https://doi.org/10.1016/j.phymed.2023.155259
https://doi.org/10.3390/plants14142146
https://doi.org/10.3390/ijms24043266
https://doi.org/10.3390/ijms24043266
https://doi.org/10.3390/plants13223162
https://doi.org/10.3390/plants13223162
https://doi.org/10.1016/j.rhisph.2026.101298
https://doi.org/10.3390/antiox12071388
https://doi.org/10.3390/antiox12071388
https://doi.org/10.1371/journal.pone.0277097
https://doi.org/10.1371/journal.pone.0277097
https://doi.org/10.3389/fmicb.2021.621276
https://doi.org/10.3390/molecules25163663

Qadirova H.A., dliyeva H.M., Mammadova N.H., Bayramova R.S. ATU Jurnali (2026) 03:05 Azarbaycan Tibb Universitetinin Jurnali
2026

"* Yazigsma ligiin elage: heliyeva@amu.edu.az
2 nmemmedova1@amu.edu.az

Xilaso

Tadqgigat Abseron yarimadasi seraitinda introduksiya olunmus Salvia rosmarinus Spenn. bitkisinin sa¢
derisinin dermatozlarinin téradicilerine qarsi antimikrob aktivliyinin éyrenilmasine hasr edilmisdir. isin
aktualligl bu xastsliklerin genis yayllmasi va mikroorqanizmlarin ananavi antimikrob preparatlara qarsi
artan davamliligi ile baghdir.

Tadqgigatin magsadi Salvia rosmarinus Spenn. bitkisinin efir yagi, hamgcinin yerusti ve yeralti
hissalerinden alinmis su-spirt ekstraktlarinin antimikrob aktivliyinin mugayiseli qiymatlandiriimasi
olmusdur. Tadgiqat obyektloerini 78 pasiyentdan ayrilmis klinik mikroorganizm stammlari, elece de
Staphylococcus aureus ve Candida albicans referent kulturalari teskil etmisdir, maddalarin aktivliyi ise
disk-diffuziya Usulu ve minimal inhibsedici konsentrasiyanin (MIC) tayini metodu il
giymatlendirilmisdir.

Muayyen edilmisdir ki, tedqiq olunan efir yadi an yuksek antimikrob aktivlik géstarmisdir (MIC 0,5—
1,25%). Yerustl hissalerin ekstraktlari orta deraceds tesir gdsterdiyi halda, yeralti hissaler zaif aktivlik
nimayis etdirmisdir. Oxsar naticelor dermatofitlor ve mayayabanzar gobaslokler lGc¢lin de misahide
edilmisdir.

Olde edilmis naticaler Salvia rosmarinus Spenn. efir yaginin sa¢ darisinin infeksion dermatozlarinin
mualicasi Ugln fitoterapevtik vasitelarin hazirlanmasinda perspektivli oldugunu tesdigleyir.

Acar soézlor: Salvia rosmarinus Spenn., rozmarin, antimikrob aktivlik, efir yagi, sa¢ derisinin
dermatozlari, dermatofitler, fitoterapiya

AHTUMUKPOBHAA AKTUBHOCTb SALVIA ROSMARINUS SPENN. MUHTPOOYLUUPOBAHHOIO
B YCNOBUAX AMWEPOHA, NMPOTUB OCHOBHbIX 3TUONIOMMYECKUX BO3BYOMUTENEN
AEPMATO30B KOX>XWU rosnoBbl

laduposa X.A.", Anuesa X.M.™, Balipamosa P.C.", Mamedosa H.X. #*, Mamedosa B.B.2 Mexmues
G.E.2

'AsepbatidxaHckuli MeduuyuHckuli YHusepcumem, Kaghedpa meduuyuHckol Mukpobuonoauu u
ummyHosoauu, baky

2 AzepbatidxxaHckul MeduyuHckuti YHugepcumem, KagheOpa cpapmakozHo3uu, baky

"*[1ns koppecrnoHdeHyuu E-mail: heliyeva@amu.edu.az

2 nmemmedoval@amu.edu.az

Pe3iome

WccnepoBaHne MOCBALWEHO W3YYEHUO aHTUMMKPOOHOW akTMBHOCTM Salvia rosmarinus Spenn.,
KynbTUBUPYEMOrO B YCroBusaX AMWEPOHCKOro MnoslyoCTpoBa, B OTHOWeEHWW BO3OyauTenen
AepmaTo30B  BOSIOCUCTOM 4YacTu ronoBbl. AKTyanbHOCTb paboTbl 06ycrnoBrieHa BbICOKOW
pacnpoCTPaHEHHOCTbIO AaHHbIX 3aboneBaHUn M POCTOM  YCTOMYMBOCTM MUKPOOPraHM3MoB K
TPaanLMNOHHBIM NPOTUBOMUKPOOHbBIM Npenaparam.

Llenbto nccnegoBaHnsa sIBNSNacb CpaBHUTENbHAA OLEHKA aHTUMUKPOOHOM aKTMBHOCTUM 3(OMPHOro
Macna M BOLHO-CMMPTOBbLIX 3KCTPAKTOB HAA3EMHOW WM MOA3EMHOWN 4acTen pacteHus. ObbekTamm
NCCNeAoBaHMs CryXUnm KNMHNYECKME LWTaMMbl MUKPOOPraHM3MOB, BblAeNEeHHble Y 78 naumMeHToB, a
Takke pedepeHTHble KynbTypbl Staphylococcus aureus n Candida albicans. AKTUBHOCTb OLleHMBanNu
ONCKOo-OMdY3MOHHBIM + METOAOM M METoAOM  onpefeneHuss MUHUMarnbHOW  UHIMOUupytoLen
koHueHTpauum (MIC).
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YCTaHOBMNEHO, YTO ahMpHOE Macno NposBnseT Hanbonee BblipaXeHHY aHTUMUKPOOHY0 akTUBHOCTb
(MIC 0,5-1,25%). SKCTpaKTbl HAA3EMHOW YaCTWN XapakTepU3yTCa YMePEHHbIM 3dheKToM, Toraa Kak
NoA3eMHble opraHbl AEMOHCTPUPYIOT cnabyto akTMBHOCTb. AHaNorn4Hble pesynbTaTbl NOAyYeHbl Ans
aepmaTtomToB 1 ApoXxoKkenogobHbIX rpuboB.

lMonyyeHHble AaHHbIe NOATBEPXKAAKT MEPCNEKTUBHOCTb UCMONb3oBaHMA 3dupHoro macna Salvia
rosmarinus Spenn., B pa3paboTke (bUTOTEpaneBTUYECKNX CPEACTB ONA NEeYEeHUS WUHGEKUNOHHBbIX
AepmaTo30B BOIOCUCTOW YaCcTU FOMoBbI.

Knrodyeeble cnoea: Salvia rosmarinus Spenn., po3mMapuH J1€KapCmMEeHHbIlU, aHMUMUKPOOHasi
aKkmueHocmb, 3ghupHoe macsio, 0epmamo3bl 80/710CUCMOU Yacmu 20/108bl, OepMamoghumsil,
umomeparnusi
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SAFETY AND CLINICAL OUTCOMES OF SIMULTANEOUS ABDOMINAL
PROCEDURES DURING LAPAROSCOPIC CHOLECYSTECTOMY

Zeynalov S.M., Zeynalov B.M., Ibrahimova A.A., Namazov A.E., imanova S.S., Qapaqov F.M., Refiyev
S.F., Bayramov N.Y.

Abstract

Gallstone disease remains one of the most common surgical conditions worldwide, and laparoscopic
cholecystectomy is widely accepted as the gold standard for its treatment. A considerable proportion
of patients undergoing laparoscopic cholecystectomy present with concomitant abdominal or pelvic
pathologies, raising the clinical question of whether simultaneous surgical procedures can be safely
performed during the same operative session. This retrospective observational study analyzed clinical
outcomes in patients who underwent laparoscopic cholecystectomy combined with simultaneous
abdominal surgical procedures between 2015 and 2025. A total of 410 patients were included.
Demographic characteristics, types of simultaneous procedures, surgical approaches, postoperative
complications, and length of hospital stay were evaluated using descriptive statistical methods.
Results.Female patients predominated (83.4%), and the majority belonged to middle-aged and elderly
groups. The most frequently performed simultaneous procedures were gynecological operations and
abdominal wall hernia repairs. A completely laparoscopic approach was used in 70.48% of cases,
whereas a combined laparoscopic—open strategy was required in the remaining patients. Postoperative
complications occurred in 2.7% of cases and were limited to minor events corresponding to Clavien—
Dindo grades I-Il. No mortality was observed. Patients treated with a fully laparoscopic approach had
shorter hospital stay and faster postoperative recovery.

Simultaneous abdominal surgical procedures performed during laparoscopic cholecystectomy appear
to be safe and effective in appropriately selected patients. The findings suggest that this strategy may
reduce the need for repeated anesthesia and hospitalization, thereby offering potential clinical and
socioeconomic benefits.

Keywords: Laparoscopic cholecystectomy, simultaneous surgery, gallstone disease, abdominal
surgical procedures, minimally invasive surgery, surgical outcomes

INTRODUCTION prevalent disorders of the hepatobiliary

Gallstone disease is one of the most system and represents a major public
health and  socioeconomic  burden
worldwide. Epidemiological studies indicate

Yazigma ligiin slaqa: that its prevalence ranges from 10% to 20%
Zeynalov S.M., Zeynalov B.M., Ibrahimova A.A,, . . . .
Namazov A.E.. Imanova S.S., Qapacov F.M.. Refiyev in the adult population and .mcreases WI’[.h
S.F., Bayramov N.Y. age, female sex, obesity, metabolic
Azerbaijan Medical University, Department of Surgical syndrome, and dietary factors [1].
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Laparoscopic cholecystectomy is currently
recognized as the gold standard for the
treatment of symptomatic gallstone
disease, because of its low morbidity, short
hospital stays and rapid postoperative
recovery [2]. With increasing life
expectancy and the growing prevalence of

comorbid conditions, many patients
scheduled for laparoscopic
cholecystectomy also present with

concomitant abdominal or pelvic diseases
requiring surgical treatment [3].

Traditionally, these disorders have been
managed in separate operative sessions.
However, staged surgery requires repeated

anesthesia, additional hospitalization,
delayed recovery, and increased
healthcare costs. Simultaneous (one-

stage) surgery has therefore emerged as
an attractive alternative, enabling treatment
of multiple pathologies during a single
operative session while potentially reducing
overall treatment time and improving
patient convenience [2—0].

Although recent studies have demonstrated
that simultaneous laparoscopic procedures
are generally safe and feasible in
appropriately  selected patients, the
available evidence remains heterogeneous
because of differences in patient selection,
operative  techniques, and outcome
assessment [5,13,15]
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A major limitation is the lack of unified

clinical guidelines and standardized
recommendations regarding indications,
contraindications, optimal sequencing of
surgical steps, and risk factors influencing
outcomes. Consequently, decision-making
often relies on individual surgeon
experience [13,18].

Therefore, analyzing clinical outcomes of
simultaneous  abdominal procedures
performed during laparoscopic
cholecystectomy in a large patient cohort is
of significant scientific and practical
importance.

MATERIALS AND METHODS

This retrospective observational clinical
study included 410 consecutive patients
who underwent simultaneous abdominal
procedures during laparoscopic
cholecystectomy between 2015 and 2025.
The patients’ age ranged from 28 to 86
years, with females predominating (83.4%).
Age and sex distribution are presented in
Table 1.

Preoperative evaluation included medical
history, physical examination, routine
laboratory investigations, abdominal
ultrasonography, and additional imaging
studies when clinically indicated. The
indication for simultaneous surgery was
established individually according to the
patient's clinical condition, concomitant
pathology, and the surgeon’s judgment.

Table 1. Age and Sex Distribution of Patients

Age group Male n (%) Female n (%) Total n (%)
<30 4 (0.98) 31 (7.56) 35 (8.54)
31-40 8 (1.95) 65 (15.85) 73 (17.80)
41-50 14 (3.42) 76 (18.53) 90 (21.95)
51-60 21 (5.12) 56 (13.66) 77 (18.78)
61-70 15 (3.66) 71 (17.32) 86 (20.98)
>70 6 (1.46) 43 (10.49) 49 (11.95)

Comorbidities were considered when
determining surgical tactics. The most
common conditions included arterial
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hypertension, diabetes mellitus, ischemic
heart disease, and chronic respiratory

diseases.
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Clinical data were extracted retrospectively
from medical records and analyzed using
descriptive statistical methods. Continuous
variables are presented as ranges,

Table 2. Structure of Comorbidities

2026
whereas  categorical variables are

expressed as absolute numbers (n) and
percentages (%).

Comorbidity n (%)

Hypertension 93 (22.7)
Ischemic heart disease 43 (10.5)
Diabetes mellitus 65 (15.9)
Chronic bronchitis/COPD 43 (10.5)

Comorbidities were considered when
determining surgical tactics. The most
common conditions included arterial
hypertension, diabetes mellitus, ischemic
heart disease, and chronic respiratory
diseases.

Table 3. Types of Simultaneous Procedures

All  patients underwent laparoscopic
cholecystectomy as the primary procedure.
Additional simultaneous interventions were
performed during the same operative
session according to the type of
concomitant abdominal or pelvic pathology

Procedure N
LC + gynecological surgery 214
LC + abdominal wall hernia repair 72
LC + adhesiolysis 49
LC + appendectomy 7
LC + liver resection/cyst 5
Others 63

According to the surgical approach,
patients were classified into two groups:
Group | — Fully laparoscopic approach

Table 4. Surgical Approach Distribution

Group Il — Combined laparoscopic and
open approach

Group Approach n (%)
I Full laparoscopic 289 (70.48)
Il Laparoscopic + open 121 (29.52)

Preoperative evaluation included detailed
medical history, physical examination,
routine  laboratory tests, abdominal
ultrasonography, and additional imaging
studies when indicated. Surgical strategy
(fully laparoscopic or combined
laparoscopic—open approach) was
determined according to the type of

96

concomitant pathology, technical feasibility,
and intraoperative findings.

Data were analyzed using descriptive
statistical methods and are presented as
absolute numbers (n) and percentages (%).
No inferential statistical analysis was
performed because of the descriptive
retrospective design of the study.
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RESULTS

Among 410 patients, 342 (83.4%) were
female and 68 (16.6%) were male. The
majority of patients belonged to the middle-
aged and elderly groups (Table 1).
Gynecological procedures constituted the
largest  proportion of  simultaneous
interventions (214 cases), followed by
abdominal wall hernia repair (72 cases),
adhesiolysis (49 cases), appendectomy (7
cases), and liver procedures (5 cases)
(Table 3).

A fully laparoscopic approach was used in
289 patients (70.48%), whereas 121
patients (29.52%) required a combined
laparoscopic—open approach (Table 4)
The most frequently observed
comorbidities were hypertension (22.7%),
diabetes mellitus (15.9%), and ischemic
heart disease (10.5%) (Table 2).
Postoperative complications occurred in 11
patients (2.7%). These were mild and
managed conservatively, including
superficial  wound inflammation and
residual pain syndrome. All complications
were classified as Clavien—Dindo Grade |-
II, and no mortality was recorded.

The mean length of hospital stay was 2.8 +
0.9 days in the fully laparoscopic group and
41 + 1.2 days in the combined
laparoscopic—open group (p = 0.003).

DISCUSSION

Simultaneous abdominal surgery during
laparoscopic cholecystectomy remains a
topic of growing interest in minimally
invasive surgery. The present study
demonstrates that, in carefully selected
patients, performing multiple procedures in
a single session does not significantly
increase perioperative risk. These findings
are consistent with previous studies
reporting that simultaneous laparoscopic
procedures can be performed safely
without increasing postoperative morbidity
[1-6,13].
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The complication rate of 2.7% confirms the

acceptable safety profile of this approach
and is consistent with literature data
reporting complication rates between 2-—
5%, mostly mild and manageable
conservatively [2,5,13].

The type of surgical approach appeared to
influence postoperative outcomes. The fully
laparoscopic technique was associated
with shorter hospitalization and faster
recovery, confirming the advantages of
minimally invasive surgery. However,
because only descriptive statistical analysis
was performed, these findings should be
interpreted with caution.

The predominance of gynecological
procedures and hernia repairs reflects the
high prevalence of these conditions,
particularly among women with gallstone
disease. These combined procedures are
technically feasible due to anatomical
proximity and have also been reported by
other authors as the most frequently
performed simultaneous interventions
[4,5,15-18].

Simultaneous surgery also offers economic
advantages by reducing hospitalization,
anesthesia exposure, and recovery time,
although economic parameters were not
directly analyzed in this study. A major
concern is prolonged operative time;
however, advances in laparoscopic
techniques and anesthesia have minimized
its clinical impact [13,18].

Patient selection remains crucial. High-risk
patients with severe cardiopulmonary
conditions require careful evaluation. The
optimal sequence of surgical steps remains
controversial and should be individualized
based on patient condition and technical
considerations.

The present study has several limitations.
Its retrospective single-center design and

the absence of inferential statistical
analysis limit the strength and
generalizability of the conclusions.
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Therefore, prospective multicenter studies
with comparative statistical analyses are
warranted to further validate these findings.

CONCLUSION
Simultaneous  abdominal  procedures
during laparoscopic  cholecystectomy

appear to be a safe and effective treatment
strategy in appropriately selected patients.
In the present study, postoperative
complications were infrequent and limited
to Clavien—-Dindo Grade I-Il events, and no
mortality was observed. Fully laparoscopic
techniques were associated with shorter
hospitalization and  better recovery
outcomes.

The findings suggest that simultaneous
surgery may reduce the need for repeated
anesthesia and hospitalization, thereby
offering potential clinical and
socioeconomic benefits.

Further prospective multicenter studies with
comparative  statistical analyses are
needed to confirm these findings and
establish standardized recommendations
for patient selection and surgical strategy
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LAPAROSKOPIK XOLESISTEKTOMIYA ZAMANI SIMULTAN ABDOMINAL SMSLIYYATLARIN
TOHLUK®SSIZLIYI VO KLINIK NOTICOLSRI

Zeynalov S.M., Zeynalov B.M., Ibrahimova A.A., Namazov A.E., imanova S.S., Qapaqov F.M.,
Refiyev S.F., Bayramov N.Y.

Azerbaycan Tibb universiteti, | Carrahi xastalikllor kafedrasi, Baki, Azarbaycan
* Yazisma (¢lin elaqge E-mail: dr.a.ibrahimova@gmail.com

Xilaso

Od das! xestaliyi diinyada an genis yayilmis cerrahi patologiyalardan biri olaraq qalmagdadir ve
laparoskopik xolesistektomiya onun mialicasinde “qizil standart” hesab olunur. Laparoskopik
xolesistektomiya icra olunan pasiyentlarin shamiyyatli hissasinde yanasi abdominal va ya kicik ganaq
patologiyalarinin mévcudlugu eyni amaliyyat seansinda simultan carrahi mtdaxilelarin
tehlikasizliyinin v magsadauygunlugunun giymatlandiriimasini aktuallasdirir.

Bu retrospektiv. musahide xarakterli tadqgigatda 2015-2025-ci illear arzinde laparoskopik
xolesistektomiya zamani simultan abdominal cerrahi emaliyyatlar icra edilmis 410 pasiyentin klinik
naticaleri tahlil edilmisdir. Demogqrafik godstariciler, simultan amaliyyatlarin ndvleri, carrahi taktika,
amaliyyatsonrasi  agirlasmalar ve hospitalizasiya muddati deskriptiv  statistik  Usullarla
giymatlendirilmisdir.

Pasiyentloerin 83,4%-ni qadinlar tagkil etmis, aksariyyati isa orta ve yasli yas gruplarina aid olmusdur.
©n ¢ox icra edilen simultan amaliyyatlar ginekoloji cerrahi midaxilalar ve qarin 6n divari yirtiglarinin
plastikasi olmusdur. Xastalerin 70,48%-da emaliyyatin bitin marhaleleri tam laparoskopik Usulla
hayata kegirilmisdir. ©maliyyatsonrasi agirlagsmalar 2,7% hallarda musahida edilmis va yalniz Clavien—
Dindo tesnifatina gore I-Il daracaeli yungul agirlasmalar geyde alinmigdir. Letalhg hali misahide
edilmamisdir. Tam laparoskopik yanasma daha qisa hospitalizasiya muiddsti ve daha suratli
amaliyyatsonrasi barpa ile alagalendirilmisdir.

Laparoskopik xolesistektomiya zamani simultan abdominal emaliyyatlar diizglin segilmis pasiyentlarde
tahllkasiz ve effektiv corrahi yanasma hesab oluna bilar. 8lds olunan naticeler bu yanagmanin takrar
narkoz ve hospitalizasiya ehtiyacini azalda bilacayini, bununla da klinik ve potensial sosial-igtisadi
Ustunlikler temin eds bilacayini gostarir. Bu naticelarin tasdiglanmasi ve pasiyent segimi ilo carrahi

99



Abbasov V.S., Abdinov E.9., Sariyeva K.H. , imanovaS.S. ATU Jurnali (2026) 03:06 Azarbaycan Tibb Universitetinin Jurnal
2026
taktikanin standartlasdiriimasi Gg¢lin miqayisali statistik tahlilleri shate eden gelacek prospektiv,

coxmarkazli tadgiqatlara ehtiyac vardir.

Acar soézlor: laparoskopik xolesistektomiya; simultan cerrahiyys; 6d dasi xastaliyi; abdominal carrahi
emealiyyatlar; minimal invaziv carrahiyys; carrahi naticoelor

BE3OMNACHOCTb U KIMWHUYECKME UCXOAbl OAHOBPEMEHHbLIX ABOOMWUHAIJIbHbIX
OMEPALMA NPU NAMNAPOCKOMUYECKOW XONELMCTIKTOMUMN

3eliHanos C.M., 3etiHanos b6.M., bpacumosa A.A., Hama3zoe A.E., imaHoea C.C., anazoe ®.M.,
Pagpuee C.®., batpamos H.fO.

AzepbatiOxaHckuli meduuuHckul yHusepcumem, Kaghedpa xupypaudeckux 6onesHel [, baky,
A3sepbalioxaH
* [nsa koppecrnoHOeHyuu E-mail: dr.a.ibrahimova@gmail.com

Pes3tome

>KenyHokameHHast GoresHb OCTaeTcs OAHWM W3 Haumboree pacnpoOCTPaHEHHbIX XUPYPruyYeckux
3aboneBaHnin B Mupe, a Ianapockonuyeckas XONEeuUCTIKTOMUS LUMPOKO MpU3HaHa «30510TbIiM
CTaHOapTOM» €€ JeyeHusl. 3HaunmTenbHasi 4acTb MauMeHTOB, KOTOPbIM  BbIMOMHSAETCA
nanapockonuyeckasl XoIeUMCTIKTOMUS], MMEET COMyTCTBYKOLWME NaTONOMMNM OpraHoB OpHOLIHON
MonocTM WNM Manoro Tasa, YTO CTaBUT BOMPOC O BO3MOXHOCTU 0e30MacHOro BbIMOMHEHMS
CUMYNbTaHHbLIX  XMPYPrMYECKMX BMeLWaTeNbCTB B paMKax oOgHow onepauun. B gaHHOM
peTpocnekTMBHOM 06CepBaLUMOHHOM UCCNEeNOBaHUN ObINM NMPOaHanM3MpoBaHbl KIMMHUYECKNE NCX0oabl
nevyeHnss MNaUMEHTOB, MNEPEHECLUMX NanapoCKOMUYECKYID XONELMUCTIKTOMUIO C CUMYJSibTaHHbIMA
XUPYPrMmyeckumMn BMeLLaTeNbCTBaMmn Ha opraHax GptowHon nonoctn B nepuog ¢ 2015 no 2025 rog. B
nccnegosaHme 6bino BkntodeHo 410 nauyneHToB. OueHMBanncb aemorpadomuyeckne XxapakTepucTuki,
BMAbl CUMYNbTaHHbIX BMELIATENbCTB, XMPYPruieckne noaxoapl, NocrneonepaumoHHbIe OCNIOXKHEHMS 1
ONVUTENbHOCTb rocnuTanu3auun C UCMNOSb30BaHMEM METOOOB onucaTteribHow crtatuctuku. Cpeawn
nauneHToB npeobnaganu xeHwmHol (83,4%), npy 9TOM B0MbLUMHCTBO OTHOCUITIOCH K rpynne cpeaHero
M NoXunoro Bo3pacTta. Hanbonee yacto BbINOSHAEMbIMU CUMYTbTaHHBIMW BMELLATENbCTBaMM Obinn
TMHEeKonornyeckne onepaumm u onepauum no MnoBOAY rPbPK OpPKOLWHON CTeHKU. [lofHOCTBIO
nanapockonuyeckuii nogxopn 6o npumeHeH B 70,48% cnydaeB, Torga kak B ocTarbHbIX Cryyasax
MCMomb30Barca KOMOWHMPOBAHHbLIA NanapoCcKoNMYeCcKN-OTKPbIThIM noaxon. [locneonepaunoHHble
OCNoOXHeHna Habnioganucs B 2,7% crydaeB U OrpaHnyMBanumcb OcroXHeHusmu |-Il cteneHn no
knaccudpukauumn Clavien—-Dindo. JleTanbHbIX UCXOO0B 3apernctpupoBaHo He Obino. [MomnHOCTbIO
nanapocKonu4ecknin nNoaxod accoummpoBarncsa ¢ 6onee KOPOTKMM CPOKOM rocnvtanusaumm n 6onee
ObICTPbLIM NOCHeonepauUmMoHHbIM BOCCTAHOBNEHMEM.

OpHoBpemeHHble  abaoMuHanbHblE  XMPYPrUdeckne  BMellaTenbCTBa,  BbIMOMHAEMble  Mpu
nanapocKonmn4eckorn  XONeuucTakToMuK,  npegcrasndawTca  6esonacHom M adppekTMBHOM
XUPYPrnu4eCcKom TaKTUKOW Y NpaBuiibHO 0TOBpaHHbIX NaumMeHToB. [NonyyeHHble pe3ynbTaTbl NO3BONAIOT
NpeanonoXnuTb, YTO OaHHbIA NOAXOA4 MOXET CHU3UTb HeOobXOoOMMOCTb MOBTOPHOW aHecTe3nun u
rocnutanmsauun, obecneunBad noOTEHUMAmNbHbIE KIMHMYECKME WU COLManbHO-3KOHOMUYECKNE
npevmyliecTea. [na noaTBEPKAEHUS MOMYYEHHbIX pe3ynbTaToB Heobxoaumbl AanbHenwuve
NMPOCNEKTUBHbIE MHOTOLIEHTPOBbIE UCCNEeL0BaHUSA C NPUMEHEHNEM CPABHUTENBHOIO CTaTUCTUYECKOIO
aHanuaa.

Knoyeeble cnoea: nanapockonuyeckasl XOfeuucmaKmoMus;, CUMYfbmaHHble — orepauuu;
JKenYHoKameHHasi 60me3Hb;, ab0oMuHarbHble XUpypaudyeckue emewameribcmea; MarouHeasugHasi
Xupypausi; Xupypau4eckue ucxoobl.
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UROLOGICAL PRESENTATIONS TO A PEDIATRIC SURGERY
OUTPATIENT CLINIC: CHARACTERISTICS, DIAGNOSES, AND CLINICAL
DECISIONS

Atilla Senayli*, Sevgi Ulusoy Tangdil?

Abstract

Aim: To evaluate the demographic characteristics, diagnostic patterns, presenting complaints, and
clinical decision-making processes of children presenting with urological complaints to a pediatric
surgery outpatient clinic. This retrospective study included 156 children who presented with urological
complaints. Patients with non-urological ICD-10 codes or whose families declined consent were
excluded. Data on age, sex, presenting complaints, ICD-10 diagnoses, laboratory investigations,
follow-up intervals, and final clinical decisions were analyzed. Statistical analyses included the Mann—
Whitney U test, Kruskal-Wallis test, chi-square and Fisher’'s exact tests, and multinomial logistic
regression. Analyses were performed using jamovi 2.7.32.0 statistics package. The study was
conducted in accordance with the Declaration of Helsinki, and informed consent was obtained from the
parents or legal guardians. Results of the 156 patients, 115 (73.7%) were male and 41 (26.3%) were
female. Median admission age was significantly lower in males (3 years, IQR 2-5) than in females (8
years, IQR 5-12) (p < 0.001). The most frequent diagnoses were N39.0 (36.5%), N39.9 (31.4%), and
R39.8 (14.7%). Presenting complaints differed significantly by sex (p < 0.001), mainly due to penile
and circumcision-related problems in boys. Dysuria occurred at similar rates in both sexes. Clinical
decisions showed no significant association with the initial ICD-10 diagnosis (p = 0.756). Multinomial
logistic regression indicated that laboratory investigations, rather than age or sex, were more strongly
associated with subsequent management decisions. Boys predominate among pediatric urological
presentations and present at a younger age than girls. Initial outpatient diagnoses are largely symptom-
based and non-specific. Clinical decisions appear to be guided more by investigation results and
individual clinical course than by the preliminary diagnostic code. Age- and sex-sensitive evaluation
strategies may improve the efficiency of outpatient pediatric urological care.

Keywords: Pediatrics; Urology; Outpatients; Urinary Tract Infections; Clinical Decision-Making

INTRODUCTION and may influence both physical health and
Pediatric urology encompasses disorders psychosocial  development.  Common
of the urinary tract and genital organs from problems encountered in this age group
infancy through adolescence. These include urinary tract infections,
conditions range from urinary tract hypospadias, phimosis, and enuresis. Early
infections to congenital genital anomalies recognition and appropriate management

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of thislicence, visit http:/creativecommons.org/licenses/by/4.0/.
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of urinary tract infection are essential to
prevent complications such as
pyelonephritis (1). Urinary tract infections
may also occur frequently in children
without underlying bladder dysfunction (1-
3).

The literature consistently indicates that the
pattern of urological complaints in children
varies according to age and sex. Congenital
anomalies predominate in infancy and early

childhood, whereas infectious and
functional disorders become more
prominent during school age. The

epidemiological profile of adolescents may
further differ from that of younger children
(4). Functional conditions such as nocturnal
enuresis affect 15-20% of children around
the age of five and decline progressively
with advancing age.

Understanding the distribution of these
problems by age and sex is important
because it directly influences diagnostic
pathways and treatment strategies.
Epidemiological evaluations also contribute
to assessing disease burden and
comparing the cost-effectiveness of
different management approaches (5). In
addition, a systematic initial evaluation by
the physician facilitates appropriate
multidisciplinary involvement when
required (5). The epidemiology of pediatric
urological disorders is further shaped by
geographical and socioeconomic factors.
In the present study, we analyzed data from
children presenting to a pediatric surgery
outpatient clinic with urological complaints.
We aimed to characterize the demographic
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profile, identify the ICD-10 diagnoses
assigned at the first visit, and examine the
relationships between age, sex, presenting
complaints, and subsequent clinical
decisions. We examined age differences by
sex and the patterns of initial evaluation that
influence diagnostic and therapeutic
pathways.

METHODS

This retrospective study was conducted on
pediatric patients who presented to the
pediatric surgery outpatient clinic with
urological complaints. Medical records of all
children evaluated during the study period
were reviewed. Patients were included if
their primary ICD-10 diagnosis was
classified as urological. Exclusion criteria
were;

(1) an ICD-10 code that was not related to
the urinary or genital system and

(2) refusal of the family to provide informed
consent for the use of anonymized clinical
data.

The study was conducted in accordance
with the principles of the Declaration of
Helsinki. Written informed consent was
obtained from the parents or legal
guardians of all participating children prior
to data extraction and analysis. Ethically,
patient identities were anonymized. Ethical
approval numbered GOKAEK-
2414 2024.12.04_256 was obtained from
the University Hospital Non-Interventional
Clinical Research Ethics Committee.
Demographic data (age at admission and

sex), presenting complaints, ICD-10
diagnoses (primary and subsequent),
laboratory and imaging investigations

ordered, outpatient follow-up intervals, and
final clinical decisions (observation/normal,
follow-up, prescription, circumcision,
antireflux treatment, or surgical
recommendation) were extracted from the
electronic medical records. Continuous
variables were summarized as median and
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interquartile range (IQR). Categorical
variables were presented as frequencies
and percentages.

Comparisons of continuous variables
between two independent groups were
performed with the Mann—-Whitney U test.
Comparisons across more than two groups
were performed with the Kruskal-Wallis
test. Associations between categorical
variables were assessed with the chi-
square test or Fisher's exact test (with
Monte Carlo simulation when appropriate).
Multinomial logistic regression was used to
evaluate the independent effects of age,
sex, and laboratory testing on final clinical
decisions, with “normal/observation”
serving as the reference category. Model fit
was assessed by deviance, Akaike
information criterion (AIC), and McFadden’s
pseudo-R2. A two-sided p-value < 0.05 was
considered statistically significant.

All statistical analyses were performed
using the jamovi 2.7.32.0 package.
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RESULTS

A total of 156 children who presented to the
pediatric surgery outpatient clinic with
urological complaints were included in the
analysis. Of these, 115 (73.7%) were male
and 41 (26.3%) were female. The median
admission age was 3 years (interquartile
range [IQR]: 2-5) among males and 8 years
(IQR: 5-12) among females (Table 1).
Female patients were significantly older
than male patients (Mann—-Whitney U =
1064, p < 0.001).

The most frequent ICD-10 diagnoses were
N39.0 (urinary tract infection) and N39.9
(disorder of urinary system, unspecified).
N39.0 accounted for 40 (35%) of male and
17 (41%) of female diagnoses, while N39.9
accounted for 29 (25%) of male and 20
(49%) of female diagnoses. Other
diagnoses were distributed at low
frequencies across both sexes (Table 1).

Table 1. Demographic characteristics and ICD-10 diagnosis distribution by sex

Characteristic Male (N = 115) Female (N = 41)
Admission age, median (IQR) 3(2,5) 8 (5, 12)
Diagnosis, n (%)

D41.9 1(0.9) 0 (0)
F98.0 1(0.9) 2(4.9)
J22 1(0.9) 0 (0)
N13.3 1(0.9) 0 (0)
N35 2(1.7) 0 (0)
N39 3 (2.6) 0(0)
N39.0 40 (35) 17 (41)
N39.8 1(0.9) 0(0)
N39.9 29 (25) 20 (49)
N47 1(0.9) 0(0)
N48.1 1(0.9) 0 (0)
Q53 1(0.9) 0(0)
Q54 1(0.9) 0 (0)
Q64.9 1(0.9) 0 (0)
R31 1(0.9) 0 (0)
R32 0 (0) 1(2.4)
R39 5 (4.3) 0 (0)
R39.8 22 (19) 1(2.4)
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Z00.1 1(0.9) 0 (0)
F93.8 2 (1.7) 0 (0)
Data are presented as median (Q1, Q3) orn (%).
The official designations and clinical under symptomatic codes (particularly

explanations of the principal ICD-10 codes
encountered in the cohort are summarized
in Table 2. Most presentations clustered

R39.8 and related R-group codes) rather
than structural congenital anomalies (Q-
group codes)

Table 2. ICD-10 codes identified in the study and corresponding clinical explanations

ICD-10 | Official designation Clinical explanation

Code

Q64.9 Congenital malformation of urinary | Congenital urinary-tract anomalies that cannot be
system, unspecified further classified

R31 Hematuria, unspecified Macroscopic or microscopic blood in the urine

R32 Unspecified urinary incontinence Involuntary urine leakage

R33 Retention of urine Incomplete bladder emptying or inability to void

R39 Other symptoms and signs | Other specific lower-urinary-tract symptoms
involving the urinary system

R39.8 Other and unspecified symptoms | Urogenital findings not classifiable under the
and signs involving the urinary | preceding categories
system

Z00.1 Routine child health examination Routine pediatric health supervision performed in

the outpatient setting

F93.8 Other childhood emotional | Psychophysiological or emotional states that may

disorders accompany urological complaints (e.g., enuresis)

Statistical evaluation of the relationships
among sex, age, and diagnosis is
presented in Table 3. No significant
association was found between sex and
diagnostic category (x*> = 25.0, df =19, p =
0.162; Fisher's exact test p 0.085).

Admission age differed markedly by sex
(Mann—-Whitney U = 1064, p < 0.001) but
showed only a borderline, non-significant
trend across diagnostic groups (Kruskal—
Wallis x2 = 28.3, df =19, p = 0.078).

Table 3. Statistical comparisons of age and sex with clinical diagnoses

Variable Test Statistic | df | p- Clinical interpretation
value
Sex x diagnosis | Chi-square | 25.0 19 1 0.162 | No statistically significant association
distribution (x® between diagnostic groups and sex (p >
0.05)
Fisher’s — — | 0.085 | Distribution remains homogeneous after
exact test accounting for sparse cells (p > 0.05)
Admission age | Mann— 1064 — | <0.001 | Admission age differs highly significantly
Whitney U by sex (p < 0.001)
Kruskal— 28.3 19| 0.078 | Age distribution across diagnostic groups
Wallis (x?) shows a borderline trend but is not
significant (p > 0.05)

Total sample size N = 156.
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Median age was significantly higher in girls
than in boys (Mann-Whitney U = 1064, p <
0.001). Diagnostic profiles did not differ
significantly by sex (Fisher's exact p =
0.085). Age distribution across ICD-10
categories was likewise non-significant
(Kruskal-Wallis p = 0.078).

Presenting complaints stratified by sex are
shown in Table 4. Overall complaint
distribution differed highly significantly

Azarbaycan Tibb Universitetinin Jurnali
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between sexes (Fisher's exact test, p <
0.001). External genitalia-related
complaints accounted for 47 (40.9%) of
male presentations and were absent
among females. Dysuria occurred at nearly
identical frequencies in both sexes (24.3%
of males, 24.4% of females). Systemic or
general complaints were substantially more

common among girls (41.5%).

4. Distribution of presenting complaints by sex

Presenting complaint Male n| Female n| Total n | Statistical analysis
(%) (%) (%)

Dysuria 28 (24.3) |10 (24.4) 38 (24.4)

Enuresis and related disorders 7 (6.1) 3(7.3) 10 (6.4)

Infection and urine changes 20 (17.4) | 8(19.5) 28 (17.9)

Penile and circumcision-related | 47 (40.9) | 0 (0.0) 47 (30.1) | Fisher’s exact test

complaints

Stenoses 8 (7.0) 2(4.9) 10 (6.4) p <0.001*

Congenital and structural anomalies | 3 (2.6) 1(2.4) 4 (2.6) (Monte Carlo

simulation)

Labial fusion (female-specific) 0 (0.0) 1(2.4) 1(0.6)

Other systemic/general complaints | 2 (1.7) 17 (41.5) 19 (12.2)

Total 115 41 (100.0) 156
(100.0) (100.0)

p < 0.05 indicates a highly statistically significant difference.

The temporal relationship  between
outpatient follow-up intervals and the
assignment of second (Diagnosis 2) and
third  (Diagnosis 3) diagnoses s
summarized in Table 5. Both Diagnosis 2
(x> = 391, df = 256, p < 0.001) and
Diagnosis 3 (x? = 356, df = 84, p < 0.001)
were strongly associated with follow-up

timing. Most patients required neither a
second (83.9%, n = 131) nor a third (87.1%,
n = 136) diagnostic code. Same-day
encounters predominantly retained the
original symptomatic codes, whereas
longer follow-up intervals occasionally
incorporated functional or chronic codes

(e.g., constipation-related K59).

Table 5. Matrix of second and third diagnoses according to outpatient follow-up interval

Follow-up Diagnosis 2 (n = 156) Diagnosis 3 (n =| Clinical tendency
interval 156)
Same-day No additional diagnosis: | No additional | Same-day visits largely
(SAME) 49 diagnosis: 63 Acute | remained limited to the
Acute symptomatic | clinical codes: 4 index symptom
codes: 18
Early (17-2 | No additional diagnosis: | No additional | New organic pathology
months) 11 diagnosis: 13 | rarely added at early review
Follow-up codes: 2
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Routine surveillance:
0
Intermediate—long | No additional diagnosis: | No additional | Longer intervals
(3 months—5 | 9 Chronic/functional | diagnosis: 10 | occasionally introduced
years) codes: 3 Chronic surveillance | functional bowel or
codes: 2 structural codes
No follow-up / did | No additional diagnosis: | No additional | Patients lost to follow-up
not return (NONE) | 55 diagnosis: 134 | rarely received tertiary
Isolated organic codes: 4 | Additional codes: 2 diagnoses
Statistical analysis | Pearson x* = 391, df = | Pearson x* = 356, df | Both secondary diagnostic
256, p < 0.001* =84, p <0.001* processes are highly
significantly related to timing
of clinic attendance

p < 0.05 denotes high statistical significance. Sparse zero cells were collapsed for tabular clarity.

A multinomial logistic regression model was
constructed to examine factors associated
with final clinical decisions (operation
recommendation, reflux treatment,
circumcision, follow-up, or prescription),
using “normal/observation” as the reference
category. Model-fit indices and omnibus
tests are shown in Table 6. The model

demonstrated moderate explanatory power
(McFadden pseudo-R? = 0.176, deviance =
467.00). Omnibus likelihood-ratio tests
indicated that sex (p = 0.344), admission
age (p = 0.137), and laboratory-test
category (p = 0.808) did not exert
statistically significant independent main
effects on final decisions.

Table 6. Multinomial logistic regression model fit and omnibus effects

Model-fit index Value | Independent variable (omnibus tests) | x> df | p-value
Deviance 467.00 | Sex 16.60 | 15 | 0.344
AlC 677.00 | Laboratory (simplified categories) 50.40 | 60 | 0.808
Pseudo-R? (McFadden) | 0.176 | Admission age 21.00 | 15 | 0.137

AIC: Akaike information criterion

Parameter estimates for selected contrasts
are presented in Table 7. Relative to
children managed expectantly, those who
underwent ultrasonography alone had
significantly higher odds of receiving an
operation recommendation (OR = 1.28, p <
0.001). Children who received combined
laboratory testing (ultrasonography plus

urine analysis) were substantially less likely
to be assigned to simple follow-up only (OR
= 0.09, 95% CI 0.01-0.55, p = 0.009).
Neither age nor sex independently
predicted operation, circumcision, follow-
up, or prescription decisions after
adjustment (p > 0.05 for all relevant
contrasts).

Table 7. Selected parameter estimates from the multinomial logistic regression model

(reference category: normal/observation)

Clinical decision Independent variable Odds ratio | 95% CI p-
value
Operation recommendation | Admission age 0.85 0.46-1.54 0.581
Sex (female vs male) <0.01 Sparse cells | <0.001
Laboratory (USG vs none) 1.28 1.28-1.28 <0.001
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Reflux treatment Admission age 1.43 0.62-3.28 0.405
Laboratory (urine vs none) <0.01 <0.01- <0.001
<0.01
Circumcision Admission age 0.85 0.53-1.35 0.494
Laboratory (combined vs none) | 0.93 0.06-15.46 | 0.960
Follow-up Admission age 0.94 0.79-1.12 0.479
Sex (female vs male) 1.01 0.17-5.84 0.994
Laboratory (combined vs none) | 0.09 0.01-0.55 0.009
Prescription Admission age 1.02 0.86-1.22 0.782
Sex (female vs male) 1.77 0.31-10.20 | 0.524
Laboratory (combined vs none) | 0.33 0.06-2.00 0.231

Finally, the relationship between principal
diagnostic categories and ultimate clinical
disposition is displayed in Table 8. The
three most frequent diagnoses—N39.0

65%). No statistically significant association
was observed between diagnostic group
and clinical decision (Fisher's exact p =
0.756). Decisions appeared to be driven

(36.5%), N39.9 (31.4%), and R39.8 more by individual clinical trajectory than by
(14.7%)—showed comparable rates of the specific ICD-10 label assigned at
active treatment recommendation (53— presentation.

Table 8. Clinical decisions according to principal diagnostic category

Diagnosis Total Follow- | Normal/control | Active Fisher’s
(ICD-10) patients | up n | n(%) treatment/recommendation* | exact p
n (%) (%) n (%)
N39.0 57 (36.5) | 16 4 (7.0) 37 (64.9)
(urinary-tract (28.1)
infection)
N39.9 49 (31.4) | 18 5(10.2) 26 (53.1)
(disorder of (36.7)
urinary
system)
R39.8 (other | 23 (14.7) | 7 (30.4) | 2 (8.7) 14 (60.9) 0.756
voiding
symptoms)
N39  (other | 3 (1.9) 2(66.7) | 1(33.3) 0 (0.0)
urinary
disorders)
Other 24 (15.4) | 9(37.5) [1(4.2) 14 (58.3)
urological
diagnoses™**
Total 156 52 13 (8.3) 91 (58.3)
(100) (33.3)

*Active treatment/recommendation includes operation recommendation, reflux treatment, circumcision, medical
therapy, pediatric psychiatry referral, and other specific recommendations. **Rare codes (patient count < 3) were

aggregated.

Overall, the clinical decision-making
process in this outpatient urological cohort

was only weakly related to demographic
variables or to the initial ICD-10 label and
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was more closely linked to the results of
targeted laboratory investigations and to
the longitudinal course of symptoms.

DISCUSSION

Our findings highlight important
demographic and clinical patterns in
children  presenting  with  urological

complaints to a pediatric surgery outpatient
clinic. Males constituted the clear majority
(73.7%), and they presented at a
significantly younger age than females
(median 3 years versus 8 years, p <0.001).
This age difference is consistent with the
literature, in which congenital anomalies
such as hypospadias and phimosis are
typically diagnosed in infancy and early
childhood among boys, whereas urinary
tract infections become more prominent in
girls during school age (3). Similar trends
have been reported in studies from our
country, where urinary tract infections are
more common in boys during infancy but
increase substantially in girls at school age.
The most frequently assigned ICD-10
codes were non-specific: N39.0 (urinary
tract infection), N39.9 (disorder of the
urinary system, unspecified), and R39.8
(other symptoms and signs involving the
urinary system). Together, these three
codes accounted for most primary
diagnoses. This pattern indicates that the
initial outpatient evaluation is largely
symptom-oriented rather than based on a
definitive structural diagnosis. Minor urinary
symptoms are known to occur frequently
even in otherwise healthy individuals (6). As
noted by Kyrklund and colleagues, such
symptoms are relatively uncommon in
carefully selected healthy children aged 4—
7 and 8-12 years, which may help
distinguish pathological from functional
complaints (6).

A highly significant difference was observed
in the distribution of presenting complaints
according to sex (p < 0.001). Penile and
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circumcision-related problems accounted
for  approximately 41% of male
presentations. In contrast, dysuria occurred
at nearly identical rates in both sexes
(approximately 24%). These findings align
with previous observations that anatomical
factors (such as a shorter urethra) increase
the risk of infection in girls, while local
genital problems predominate in boys (3).
Interestingly, the initial ICD-10 diagnosis
showed no  statistically  significant
association with the final clinical decision
(follow-up, observation, or active treatment
recommendation; p = 0.756). Multinomial
logistic regression further demonstrated
that age and sex did not independently
predict most clinical decisions once
laboratory investigations were considered.
Ordering ultrasonography or combined
laboratory tests was more strongly
associated with the subsequent
management pathway. This suggests that,
in the outpatient setting, the clinician’s
decision is driven more by the results of
targeted investigations and the individual
clinical course than by the preliminary
diagnostic code assigned at the first visit.
The literature emphasizes that recurrent
urinary tract infections may lead to bladder
dysfunction and that symptoms such as
urgency, daytime incontinence, and
enuresis require careful follow-up because
they may persist into adulthood (2,3,8).
Upper and lower urinary tract infections
have been reported to be more common in
girls across age groups, while incontinence
and enuresis tend to be more frequent in
younger children (2). Our data are
consistent with these patterns, although the
predominance of non-specific coding
limited more granular analysis of functional
disorders.

Taken together, the results support the
multidisciplinary nature of pediatric urology
and underline the value of a structured
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initial evaluation. Early genital examination
and screening for congenital anomalies
remain particularly relevant in young boys,
whereas infection prevention strategies and
assessment for bladder dysfunction are
more pertinent in school-age girls. In recent
years, technological advances have further
increased the importance of timely
diagnosis, as minimally invasive and
endourological techniques now allow earlier
intervention and may help prevent long-
term complications (9).

Limitations

The main limitation of the study is the
relatively modest sample size (n = 156),
which restricts the generalizability of the
findings. Because the data were obtained
from a single outpatient clinic, regional bias
cannot be excluded. The retrospective
design limits causal inference. In addition,

the text-based nature of presenting
complaints may have introduced
categorization inaccuracies. Future

prospective, multicenter studies with larger
cohorts would help validate these patterns
and allow more detailed analysis of
functional and structural subgroups.

CONCLUSION

This retrospective study demonstrated that
boys constitute most children presenting
with urological complaints to a pediatric
surgery outpatient clinic and that they
present at a significantly younger age than
girls. The most frequently assigned
diagnoses were non-specific codes (N39.0,
N39.9, and R39.8), reflecting a
predominantly symptom-based approach at
the first visit. Presenting complaints differed
markedly by sex, mainly because of penile
and circumcision-related problems in boys,
whereas clinical decisions were more
closely related to laboratory investigations
and individual clinical course than to the
initial diagnostic label.
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These findings reinforce the importance of
age- and sex-sensitive  evaluation
pathways. Larger multicenter studies are
needed to confirm the observed patterns

and to refine outpatient referral and
management strategies in  pediatric
urology.
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PEDIATRIK CORRAHIYY® AMBULATORIYASINA UROLOJI MURACISTLOR: XUSUSIYYSTLSR,
DIAQNOZLAR VO KLINIK Q9RARVERM®
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Xiilaso

isin megsadi: pediatrik cerrahiyye ambulatoriyasina uroloji sikayetlorle miiraciet eden usaglarin
demografik xtsusiyystlarini, diagnostik yanasmalarini, esas muracist sikayatlerini ve klinik gerarverma
proseslarini giymatlondirmak. Bu retrospektiv tadgiqata uroloji sikaystlarle muracist eden 156 usaq
daxil edilmisdir. Qeyri-uroloji ICD-10 kodlarn olan va ya ailsleri tedgiqatda istirak etmaya raziliq
vermayan pasiyentloer tadgiqatdan xaric edilmigdir. Yas, cins, muracist sikayatleri, ICD-10 diagnozlari,
laborator miayinalarin naticeleri, misahids intervallari ve yekun klinik gararlar barada malumatlar tahlil
edilmisdir. Statistik tehlillere Mann—Whitney U testi, Kruskal-Wallis testi, x? testi, Fisher-in daqiq testi
va multinomial logistik reqressiya daxil edilmisdir. Tahlillar jamovi 2.7.32.0 statistik program paketindan
istifade edilmakle aparilmisdir. Tadqigat Helsinki Bayannamasinin prinsiplarina uygun sakilde hayata
kecirilmis va valideynlarden va ya ganuni nUmayandalerden malumatlandiriimis raziliq alinmisdir. 156
pasiyentin 115-i (73,7%) oglan, 41-i (26,3%) qiz olmusdur. Muraciet zamani median yas oglanlarda (3
yas, IQR 2-5) qizlarla mugayisada (8 yas, IQR 5-12) shamiyysatli dereceds asagi olmusdur (p < 0,001).
©n ¢ox rast gelinen diagnozlar N39.0 (36,5%), N39.9 (31,4%) ve R39.8 (14,7%) olmugdur. Mlracisat
sikayatlori cinsa gora shamiyyatli deracada farqlanmisdir (p < 0,001); bu farq asasan oglanlarda penis
va sunnatls slagali problemlarle bagh olmusdur. Dizuriya her iki cinsds oxsar tezlikde musahida
edilmisdir. Klinik gerarlar ile ilkin ICD-10 diagnozu arasinda statistik cehatden shamiyyatli slage askar
edilmamisdir (p = 0,756). Multinomial logistik reqressiyanin naticeleri gostarmigdir ki, sonraki mualice
vo idaraetma qerarlari ilo yas va cinsden daha ¢ox laborator muayinalarin naticaleri alagalidir.
Pediatrik uroloji miracistler arasinda oglanlar Ustinlik tagkil edir ve onlar qizlarla mugayisede daha
erkan yasda miracist edirlor. ilkin ambulator diagnozlar ssassn simptomlara esaslanir ve spesifik
xarakter dagimir. Klinik gerarlarin ilkin diagnostik koddan daha c¢ox mduayinalerin naticaleri ve
pasiyentin fordi klinik gedisine asasan gabul edildiyi gortinir. Yas va cins xUsusiyyatlerini nazers alan
giymatlendirma strategiyalarinin tatbiqi ambulator pediatrik uroloji yardimin semaraliliyini artira biler.
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YPOJIOTMYECKUE OBPALLEHMA B AMBYJIATOPHYIO KIMWHWUKY OETCKOW XWPYPIUW:
XAPAKTEPUCTUKW, OUATHO3bl U KMIMHUYECKUE PELUEHUA

Amurnna LWenaliner*, Cegau Yrycol TaHetosb

Kagpedpa Oemckoli xupypauu, npogp. 0-p, YHusepcumem MWoszeam bBosok, Woszam, Typuus
Kagpedpa Oemckoli xupypauu, Odouy. 0-p, YHusepcumem MWoszam bBosok, Moszam, Typuus
* [Ana koppecrioHdeHyuu E-mail: atillasenayli@gmail.com

Pe3ome

Llenb mnccnepoBaHna - oueHUTb Aemorpaduyeckme XxapakTepucTukX, OMarHoCcTuyeckme noaxodsbl,
OCHOBHble anobbl npu obpalleHnM U NpPoLECcChbl MPUHATUS KIMHUYECKUX PEeLUeHUn Yy OeTen,
obpawarowmxca B ambynatopHoe OTAeneHne AeTCKON XMpyprum ¢ yponorndeckumm xanobamu. B
JaHHOe peTpoCneKTMBHOE UcCcregoBaHMe ObinM  BKIOYeHbl 156 pgeTten, obpaTuBLUMXCA C
yponormyeckummn xanobamu. MNauneHTtbl ¢ Heyponormyeckumn kogamm ICD-10, a Takke naumeHThl,
poauTenn UNM 3akoHHbIE MpeaCcTaBUTENN, KOTOPbIX OTKasanucb OT yyYacTud, Oblniv UCKMOYEHbI M3
nccnenoBaHus. beinv npoaHanuMamMpoBaHbl AaHHbIE O BO3pacTe, nore, anobax npu obpalueHuu,
anarHosax no ICD-10, pesynbTatax nabopaTopHbIX WCCNeAOBaHWA, MHTepBanax HabnwogeHus u
OKOHYaTENbHbIX KITMHUYECKNX pelueHusix. CTaTtuctmyeckun aHanus Bknodan U-kputepun MaHHa—
YuUTHU, Kputepuii Kpackena—yonnuca, Kputepui X2, TOYHbIN KpuTepun duiiepa n MynbTUHOMUAIbHYHO
NOrUCTUYECKYIO perpeccuto. AHanm3 NpoBOAUICS C UCMOSb30BaHNEM CTATUCTMYECKOrO MPOrpaMMHOro
naketa jamovi eepcuu 2.7.32.0. ViccnepoBaHue 6bino npoBegeHO B COOTBETCTBUM C MPUHLMNAMM
XenbCUHKCKOW AeKknapauuu; OT poguTenen unu 3akoHHbIX npeactaButenert Obino nonyyYeHo
MHdOpMMpPOBaAHHOE cornacue.

N3 156 nauneHToB 115 (73,7%) 6binvn manbumkamu n 41 (26,3%) — nesoykamn. MeguaHHbIn Bo3pacT
npu obpaLLeHnmn Bbin 3HAYNTENBHO HUXKE Y Manb4yMKoB (3 roga, MexXKBapTUnbHbI AnanasoH [IQR] 2—
5 nert), 4yem y pesoyek (8 net, IQR 5-12 net) (p < 0,001). Hanbonee yacTo BCTpevaroLLMMUCH
anarHozamu 6binn N39.0 (36,5%), N39.9 (31,4%) n R39.8 (14,7%). Xanobbl npn obpalieHun
CTaTUCTMYECKM 3HAYMMO pasnuyanuicb B 3aBucumocty oT nona (p < 0,001), rmaBHbIM obBpaszom
BCrneacTene npobnem, CBA3aHHbIX C MOSIOBbIM YNEeHOM U obpe3aHueM Yy ManbumkoB. [Quaypus
BCTpeYanacb C OAMHAKOBOW 4acTOTOM y npeacTtaButenen obomx nonob. CTaTtMCTUYECKN 3HAYUMOWN
CBSAI3M MEeXAY KITMHMYECKUMM PELLUEHMSIMU U NepBOHaYarnbHbiM gnarHo3om no ICD-10 BbIABNEHO He
6bino (p = 0,756). MynbTMHOMManbHas norucTMYecKass perpeccus nokasana, 4YTo pesynbTaThbl
nabopaTtopHbiX uccnegoBaHun Obinv Gonee TeCHO CBA3aHbl C MOCNEAYHLUMU peLleHUs MU Mo
BEAEHUIO NaUUEHTOB, YEM BO3paCT UK NOJSI.

Cpeoun obpaweHuin geten ¢ ypororndyeckumn xanobamm npeobrnagatoT Manbuuky, MPUYEM OHM
obpaLlalTcs 3a MeaMLUMHCKON NOMOLLbIO B 6ornee paHHeM Bo3pacTe, Yem AeBo4ku. [epBoHavanbHble
ambynaTtopHble [uarHo3bl B 3HAYUTENBHOW CTEMEHM OCHOBLIBAOTCA Ha CUMNTOMax U UMET
Hecneumndgudeckmn xapaktep. [1o-BMAMMOMY, KIMHMYECKME pelleHus B Oonblien CcTeneHu
onpegendalTca pesynbTatamu OUArHOCTUYECKMX WCCREeAoBaHMM U nHAMBMAOYanbHbIM TeYEeHUEM
3aboneBaHusi, 4em npegBapuTeSibHbIM OWAarHOCTUYECKMM KogoM. WMcnonb3oBaHue cTpaTernin
obcnepoBaHua C y4€TOM BO3pacTa WM nofa MOXeT MOBbICUTb 3(PPEKTUBHOCTL ambynaTopHon
YPONOrn4eckomn nomoLLn SETAM.

Knroueenie cnoea: neduampusi; yponoausi; ambynamopHble nauyueHmsl; UHGEeKUUU MOYe8bI800SILUUX
nymed; NPUHSIMUEe KIUHUYECKUX pewweHUd.
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EVALUATION OF MORPHOFUNCTIONAL CHANGES OF THE LIVERIN
DIABETIC HEPATOPATHY

Ibrahimova G.H.1*, T alishinskaya M.B.1, Sultanova G.M.1, Ibrahimova Sh.H.2, Seyidova i.Z.B,
Ahmadova R.R.4, Mehtiyeva A.Y.5

Abstract

The article presents information about the changes in markers of impaired metabolism in the liver
(alanine aminotransferase — ALT, aspartate aminotransferase — AST, gamma-glutamyltransferase —
GGT, lactate dehydrogenase — LDH) in blood and lymph, lymph flow rate (LFR), as well as
histomorphological structures of the liver in experimental diabetes mellitus induced in rabbits by
alloxan. Experiments were carried out on 14 rabbits of both sexes. The rabbits used in the study were
divided into two groups: the control group consisted of 6 rabbits, and the experimental group consisted
of 8 rabbits. Diabetic symptoms were detected 5 days after alloxan injection. For analysis, blood
samples were taken from the heart cavity, and lymph from the thoracic duct. The operation was
performed under the anesthesia. In both the control and experimental groups of rabbits, blood and
lymph were taken to detect glucose level, markers of metabolic disturbances in the liver, LFR, as well
as the histomorphological characteristics of the liver were studied. The studied parameters were
measured in the 8 rabbits of the second experimental group on the 5th, 15th, and 30th days after
alloxan administration. It was determined that the increase in markers of impaired metabolism in the
liver in both blood and lymph, as well as the histomorphological changes developing in the liver, were
accompanied by a decrease in lymph flow rate.

Keywords: Diabetic hepatopathy , ALT, AST, GGT, and LDH, lymph.

INTRODUCTION electronic registry of medical institutions
Diabetes mellitus (DM) is a rapidly under the Administration of the Regional
spreading disease worldwide, Medical Divisions was reported to be

characterized by long-term complications,
and remains one of the serious medical and
social problems. According to the World
Health Organization, in 2021, the number of
people with diabetes worldwide exceeded
500 million, and it is projected that this
indicator will reach 700 million by 2030 [ 1,
2, 3]. Diabetes is also spreading rapidly in
Azerbaijan. In 2024, the total number of
registered diabetic patients in the unified
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322,353 [4,5].

One of the organs most affected by DM is
the liver. The liver plays a key role in
regulating glucose homeostasis. During
persistent hyperglycemia, end-products
of non-enzymatic glycosylation
accumulate in the body, including
hepatocytes. This leads to damage of
both intracellular and extracellular
structures, a decrease in NADPH levels,
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an acceleration of oxidative stress, and
increased conversion of glucose to
sorbitol [6, 7, 8, 9, 10, 11]. As a result of
the disruption of the integrity of
hepatocyte membranes, enzymes such
as ALT, AST, GGT, and LDH are released
into the blood and lymph. This s
considered an indicator of liver damage.
Although significant progress has been
made in studying the histomorphological
changes in the liver and the alterations in
the levels of enzymes considered
indicators of liver damage in the blood in
diabetes mellitus, however, there is
limited information about such changes in
the lymph under conditions of persistent
hyperglycemia [12, 13, 14, 15]. It should
be noted that a significant portion of the
lymph in the thoracic duct originates from
the liver, and lymphatic fluid can provide
more  detailed information  about
metabolic processes occurring in tissues
[6, 17, 18].Although the role of the
lymphatic system in the pathogenesis of
liver failure is of great importance, its role
during diabetes mellitus has not been
sufficiently investigated [19, 20, 21,22].
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experimentally induced diabetes mellitus in
rabbits using alloxan injection, to determine
the lymph flow rate, and to investigate
histomorphological changes in the liver.
The aim of this research was to
comparatively study the levels of markers
impaired metabolism in the liver (ALT,
AST, GGT, LDH) in the blood and lymph
during

MATERIALS AND METHODS

The study was carried out on 14 rabbits of
the “Chinchilla” breed, weighing between
1.8 and 2.3 kg. The rabbits used in the
experiments were divided into two groups:
the control group included 6 animals, and
the experimental group included 8. In the
experimental group, diabetes mellitus was
induced in rabbits by intraperitoneal
administration of 5% alloxan monohydrate
solution at a dose of 100 mg/kg. Diabetic
symptoms were observed 5 days after the
injection. Blood samples were obtained
from the cardiac cavity and lymph samples
from the thoracic duct. All procedures were
carried out under anesthesia. For this
purpose, 8 mg/kg of Calypsol and 0.15
mi/kg of 1% Dimedrol solution were injected
intravenously. In the control group, blood
and lymph samples were collected from six
rabbits, and the levels of liver function—
related enzymes (ALT, AST, y-GT, LDH) as
well as LFR were determined. In addition,
the histomorphological structures of the
liver were studied. The same parameters
were assessed in the experimental group of
8 rabbits on 5th, 15th, and 30th days after
alloxan administration. For
histomorphological evaluation, liver tissues
were fixed using 10% neutral buffered
formalin or Bouin’s solution. Subsequently,
the specimens were dehydrated through a
graded ethanol series, embedded in
paraffin, sectioned, and stained for
histological examination.
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The numerical data obtained during the
course of the study were statistically
analyzed in accordance with current
recommendations.  Statistical analyses
were carried out using the method of
variation analysis and with the help of the
‘IBM Statistics SPSS-26’ software. For the
comparison of variation series, the non-
parametric Mann-Whitney U test was also
used.

ATU Jurnali (2026) 03:08

Azarbaycan Tibb Universitetinin Jurnali
2026

RESULTS AND DISCUSSION

During the study, the levels of enzymes
characterized the diabetic hepatopathy
(ALT, AST, y-GT, LDH), LFR, and the
histomorphological structures of the liver
were investigated in the blood and lymph of
rabbits with alloxan-induced diabetes
mellitus over a period of 30 days and
compared with control values. The obtained
results are presented in the tables below
(Table 1).

Table 1. Dynamics of changes in the indicators determined in the blood of animals during

alloxan-induced experimental diabetes

Days after administration of alloxan monohydrate solution

Parameters Control group M (min-max)
5 15 30

Glucose 4,79 ?42951_ 10,15 12,11
mmol/| (4,60-5,01) 6 ’87)* (9,48-11,05)* (11,45-13,03)*

46,01 53,1
ALT 40,43 i . 60,41
IU/L (39,20-41,64) (45,38-46,66) (52,02-54,03) (59,02-61,03)
AST 23,84 27,40 35,51 ?32,5678- 44,57y
IU/L (23,64-24,07) (26,39-28,41)* (34,73-36,38)* ’ ’
QQT 5,6 7,5 8,8 12,2
IU/L (5,3-6,3) (6,1-8,1)* (7,5-9,0)* (11,5-13,1)
LDH 170,6 190,9 210,1 230,5
IU/L (169,1-171,0) (189,0-192,1) (209,6-211,6)* (229,7-231,4)*

Note: The * symbol indicates the statistical significance of the difference between the experimental and

control group parameters.

As seen from Table 1, after alloxan
administration, the levels of blood glucose
and the liver function-assessing enzymes
(ALT, AST, GGT, LDH) gradually increased
throughout the experiment (p<0,001).
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The dynamics of changes in the parameters
determined in the lymph are in the same
direction as in the blood (Table 2).
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Table 2. Dynamics of changes in the parameters determined in the lymph of animals with

alloxan-induced diabetes mellitus

Days after administration of alloxan monohydrate solution
Parameters Control group M (min-max)
5 15 30

Glucose level 5.2 7.4 115 13.3

mmoll (4,2-6,2) (5,9-8,7) (10,7-12,6) (12,4-14.4)
ALT 45,3 57,8 63,3 ?(?;8-70 9)*
IU/L (44,8-46,8) (56,2-58,5) (62,5-64,1)* ’ ’
AST 27,9 36,8 45,3 51,8
IU/L (11,1-12,5) (35,9-37,8) (44,8-46,8)* (50,7-52,0)
QQT 8,7 13,4 17,9 24,1
IU/L (7,8-9,0) (12,4-14,4) (16,7-18,1)* (23,8-25,8)
LDH 190,8 2224 240,3 263,9
IU/L (189.8-191,5) (221,5-223,6) (239,3-241,5)* (262,1-263,4)*

LFR 1,224 1,203 1,013 0,813
(ml.min/kg) (1,180-1,270) (1,160-1,240) (0,850-1,150) (0,650-0,950)

Note: The * symbol indicates the statistical significance of the difference between the experimental and
control group parameters.

As seen from Table 2, after alloxan
administration, the levels of glucose and
liver function-assessing enzymes (ALT,
AST, GGT, LDH) in the lymph gradually
increased (p<0.001), and the lymph flow
rate decreased throughout the experiment
(Table 2).

As seen from the presented tables, in
animals with induced diabetes mellitus, an
increase in the activity of ALT, AST, GGT,
and LDH in blood and lymph was observed
throughout the experiment compared to the
control values. This tendency was more
pronounced in the lymph than in the blood.
In rabbits with alloxan-induced diabetes

115

mellitus, the increased markers of
metabolic disorders in the liver (ALT, AST,
GGT, LDH) in blood and lymph are
explained by the acceleration of hepatocyte
cytolysis under persistent hyperglycemia
[23, 24, 25].

During the experiment, histomorphological
changes developing in the liver were
studied on the 5th, 15th, and 30th days after
alloxan administration. On the 5th day of
alloxan-induced diabetes mellitus,
dystrophic changes were observed in
hepatocytes around the periportal vessels
(Figure 1).
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Figure 1. Histomorphological changes in the liver on the 5th day of alloxan-induced diabetes mellitus. Hematoxylin and eosin (H&E)
staining. Magnification: x206.
On the 15th day of diabetes mellitus, edema of the connective tissue in the periportal area of

the liver is observed (Figure 2).

Figure 2. Histomorphological changes in the liver on the 15th day of alloxan-induced diabetes mellitus.
Hematoxylin and eosin (H&E) staining. Magnification: x206.

On the 30th day of alloxan-induced diabetes mellitus, destructive and necrotic changes
developed in the liver parenchyma (Figure 3).
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Figure 3. Histomorphological changes in the liver on the 30th day of alloxan-induced diabetes mellitus.

Hematoxylin and eosin (H&E) staining. Magnification: x206.

Based on the information presented above,
we conclude that during diabetes mellitus,

enzymes released from  damaged
hepatocytes enter the bloodstream and
lymphatic system. The increase of these
enzymes in both blood and lymph, along
with the histomorphological changes
occurring in the liver, is considered the
development of diabetic hepatopathy, one
of the long-term complications of diabetes
mellitus [26, 27, 28, 29 ]. The decrease in
lymph flow rate slows the removal of
accumulated toxic products from tissues,
further deepening the histomorphological
changes that are developing in the liver [30,
31,32,33].

CONCLUSION.
In alloxan-induced diabetes mellitus, the
increased markers of metabolic disorders in

the liver (LDH, AST, ALT, GGT) in both
blood and Ilymph, along with the
progressive deepening of

histomorphological changes in the liver,
were accompanied by a decrease in lymph
flow rate.
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Xilaso

Magaleda dovsanlarda alloksan vasitesile modellasdiriimis sekarli diabet zamani qaraciyarda
metabolizmin pozulmasinin markerlarinin (alaninaminotransferaza — ALT, aspartataminotransferaza —
AST, gamma qlutamiltransferaza — QQT, laktatdehidrogenaza — LDH) qanda va limfada dayisikliklari,
limfanin axin sirati (LAS), elscede qaraciyarin histomorfoloji xususiyyetleri haggqinda malumat
verilmisdir. Eksperimental tedqiqatlar har iki cinse aid olan 14 bas dovsan Uzarinda apariimisdir.
Tadqgigatda istifade edilmis ddvsanlar 2 qrupa bolinmusdur. Kontrol grupuna 6 vae tecriiba qrupuna
8 dovsan daxil edilmisdir. Dovsanlarda alloksan inyeksiyasindan 5 gun sonra diabetik simptomlar
askarlanmisdir. Analiz Gg¢ln gan Urak boslugundan, limfa ise dos limfa axacagindan alinmisdir.
omsliyyat anesteziya altinda apariimisdir. Ham kontrol, heam da tacribs qruplarinda olan
dovsanlardan qgan ve limfa alinmis soekarin saviyyesi, qaraciyerde metabolizmin pozulmasinin
markerleri, LAS, elocede qaraciysrin histomorfoloji xiisusiyyetleri dyrenilmisdir. Oyrenilon gdstericilor
ikinci tacriiba qrupuna daxil edilmis 8 dovsanda alloksan yeritdikden sonra 5-ci, 15-ci ve 30-cu gun
toyin edilmisdir. Miayyan olunmusdur ki, heam ganda, heam de limfada garaciyarde metabolizmin
pozulmasinin markerlarinin artmasi ve qaraciyerds inkisaf edan histomorfoloji dayisikliklar limfanin
axin suretinin azalmasi ile musayist olunmusdur

Acar sézlar: diabetik hepatopatiyasi ve onun markerlori, limfa
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Peslome
B crtatbe npeactaBneHbl AaHHble 006 M3MEHEHWUsIX MapKepoB HapylleHust MeTabonuama B neveHu

(anaHuHamuHoOTpaHchepasa —  AJlT, acnaptaTtamuHoTpaHcepasa —  ACT, ramma-
rnyTamunTtpaHcgepasa — [TT, naktatgermgporeHasa — JIOIN) B kpoBu M numde, O CKOPOCTU
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numcpoTtoka (CIT), a Takke O rMCToMOPONOrM4ecknx OCODBEHHOCTSIX MeYeHW Npu  anfoKcaH-
WHOYUMPOBAHHOM CaxapHOM AuabeTe Yy KPOSIMKOB. JKCMEepUMMEHTasbHble UccnegoBaHust 6binn
npoBeaeHbl Ha 14 kponukax o6oero nona. XXnMBOTHbIE ObINN pa3geneHbl Ha 2 rpynnbl: KOHTPOSbHYHO
(6 KpONMKOB) 1 aKCNepUMEHTarnbHYHO (8 kponukos). AnabeTnyeckne CMMNTOMbI ObINK BbISIBIIEHbI HA 5-
N OeHb Nocne MHbEeKuuKn annokcaHa. [Anga aHanmsa 6panu KpoBb 13 NONOCTM cepaua, a numdy — u3s
rpygHoro numdarmyeckoro npoTtoka. Onepauun NpoBOoaUIMCL Nog aHecTe3nen. Y KpPOIMKoB obenx
rpynn wuccnegoBany ypoBEHb [THOKO3bl, Mapkepbl HapylleHus meTabonmMama neyvyeHu, CKOpPOCTb
nmmdoToka, a Takke ructomopdonormyeckme - OCOOEHHOCTU  nedeHn. Y  XKUBOTHbIX
aKcnepuMeHTanbHOW rpynnbl nokasartenu onpegensannce Ha 5-n, 15-n n 30-1 gHKM nocrne BBeaeHUs
annokcaHa. YCTaHOBIEHO, YTO NOBLILEHNE MAPKEPOB HapyLleHNa MeTabonnamMa nevyeHu Kak B KpoBH,
Tak U B numde, a Takke pasBMBaroLLMECs TUMCTOMOPKONOrM4eckMe W3MEHEHUs1 B MNeYvYeHn
CONPOBOXAANNCb CHMKEHMEM CKOPOCTM NUMOTOKA.

Knroyeenie cnoea: duabemuyeckasi 2eramonamusi U €€ MapKepbl, luMmga
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MORPHOMETRIC ANALYSIS OF BLOOD VESSELS OF THE LARGE
INTESTINE IN NORMAL AND EXPERIMENTAL CONDITIONS: CLINICAL
APPLICATIONS IN GASTROENTEROLOGY

Babayeva R.E.

Abstract

In the present study, the morphometric characteristics of the blood vessels of the large intestine in
humans under normal conditions, as well as in experimental animal models, were examined. Using
light microscopy techniques, the diameters, lengths, densities, and cross-sectional areas of
arterioles, precapillaries, capillaries, postcapillaries, and venules were measured. Normative data
revealed regional variations in vascular distribution within the colon, while experimental findings
demonstrated morphological changes in vessels during hemorrhage and perfusion disturbances. The
obtained data provide valuable insights into the functional state of the vascular system of the large
intestine, broaden the understanding of ischemic and post-ischemic pathogenesis, and contribute to
the advancement of diagnostic and therapeutic strategies in clinical gastroenterology.

Keywords: Large intestine, blood vessels, morphometry, arteriole, experimental study, clinical

gastroenterology

INTRODUCTION

The digestive process consists of
sequential stages characterized by the
formation of the food bolus, the production
of chyle, and the absorption of substances
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into the blood and lymph. This system
plays a crucial role in maintaining
homeostasis in the organism, and the
biological meaning of its functions is
related to the formation of blood plasma.
Since the nutrients entering the blood and
lymph are foreign to the organism, each
food intake represents one of the main
challenges to homeostasis [1].

In modern times, comprehensive
investigation of the vascular bed of the
digestive system organs remains an urgent
problem. Only precise information about
the state of blood flow can provide an
understanding of the morphological

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.28942/atuj.v6i3y2026.166

Babayeva R.E.  ATU Jurnali (2026) 03:09

mechanisms regulating intramural
circulation [2,3]. According to literature
data, the gastrointestinal organs receive a
large portion of the cardiac output, thereby
contributing to the maintenance of
metabolism. This process is evidenced by
vascular reactions occurring  during
increased nutrient absorption. The blood
circulation of the gastrointestinal organs
also supports the protective mechanisms
of the mucosa after the intake of toxins or
harmful substances and is necessary to
ensure adequate perfusion of vital organs
during stress. Under certain physiological
(exercise) and pathological (hemorrhage)
conditions, a sharp decrease in blood flow
in the gastrointestinal organs is observed
[2].

In recent years, advances in angiological
research, microsurgery, endoscopy,
clinical lymphology, and gastroenterology
have enabled more detailed studies of
colonic vascularization. The investigation
of the morphological features of colonic
blood vessels is important not only from a
theoretical perspective but also for
improving diagnostic and therapeutic
strategies in clinical gastroenterology.
Aim: The aim of this study is to analyze
the morphometric parameters of colonic
blood vessels in humans under normal
conditions and in experimental animals, to
determine their structural organization and
functional state, and to evaluate the
potential applications of these findings in
improving diagnostic and therapeutic
strategies in clinical gastroenterology.

MATERIALS AND METHODS

The study analyzed preparations obtained
from cadavers of both sexes aged 20-70
years, in which vascular occlusions and
stenoses had been identified.
Experimental investigations were
conducted on 12 dogs of both sexes,
weighing between 10.0 and 18.0 kg (9
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animals in the main group and 3 in the
control group). The housing and
euthanasia of animals were performed in
accordance with Directive 2010/63/EU of
the European Parliament and the Council
on the protection of animals used for
scientific purposes [4].

To achieve the stated objectives, the
experimental part of the study employed a
universal method based on classical
impregnation techniques (intravascular
Ranvier—Coyer and immersion Bilshovsky—
Gross methods). This method was
developed by I.I. Markov (Certificate of
Authorship No. 1919100, dated September
8, 1990) and had been previously tested in
studies of microvascular blood flow in
laboratory animals [5,6].

Histological sections were examined using
microscopic techniques. Prior to staining,
paraffin sections were placed in 96%
ethanol for 20-30 minutes to remove
residual fat. The deparaffinized sections
were rinsed in distilled water, stained with
Ehrlich’s hematoxylin solution for 2-5
minutes, washed again in distilled water,
and subsequently in running tap water for
3-5 minutes. Differentiation was performed
for 1-2 seconds in 1% hydrochloric acid
solution prepared in 70° ethanol. Sections
were then washed in running water for 30
minutes with frequent changes. The
prepared slides were mounted with cover
glasses and examined under a light
microscope.

For Van Gieson staining, Weigert's iron
hematoxylin solution and a mixture of
picric acid with fuchsin were used. Pre-
prepared sections were immersed in
Weigert's hematoxylin for 2-5 minutes,
rinsed in distilled water for 10 minutes, and
subsequently placed in the picrofuchsin
solution for 2-3 minutes. The sections
were cleared in a carbol-toluol solution
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and mounted in Canada balsam for
microscopic evaluation.

RESULTS AND DISCUSSION
New data have been obtained regarding
the histostructures of the longitudinal layer
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of the muscular coat. It was revealed that
this layer is not continuous along the
circumference of the intestine but consists
of separate segments (Fig.1).

Fig 1. Cross-section of the longitudinal layer of the muscular coat of the large intestine. Hematoxylin—

eosin staining. Magnification x400

In preparations, the number of these
segments varied from 8 to 16, with the
distance between individual segments
ranging from 25 to 525 pm, and their
length from 300 to 1200 pm. The
intersegmental gaps along the intestinal
circumference were recorded to be
arranged in a clockwise direction,
indicating that the longitudinal layer of the
muscular coat moves in a spiral manner.

At the mesenteric border of the intestine,
the intersegmental gaps of the longitudinal
layer are constant and always coincide
with portions of the circular layer of the
muscular coat. In this way, muscular
“gates,” or rather muscular “tunnels,” are
formed, through which straight arteries
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enter the submucosal base, while straight
veins are directed toward the mesentery.
The straight vessels pass through the
muscular coat at angles ranging from 65°
to 850°.

Under physiological conditions, the area of
intersegmental gaps along the intestinal
perimeter constitutes between 1.98% and
4.77% of the ring area. This means that
during intestinal peristalsis, the
conductivity of the vascular bed may both
increase and decrease by up to 2.5 times.
Arteries passing through the muscular
“gates” divide into two branches of equal
diameter, forming the main submucosal
vascular plexus of the intestine. In cross-
sections, the relationship of the
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longitudinal layer of the muscular coat with
arteries, arterioles, veins, venules,
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lymphatic  vessels, and capillaries
traversing it is clearly visible (Fig. 2).

Fig 2. Cross-section of the longitudinal layer of the muscular coat of the large intestine. Staining by the
Van Gieson method. Magnification x400. Note: 1) Lymphatic capillary; 2) Arteriole; 3) Venule; 4)

Muscular coat.

The functional range of these vessels
(from complete compression between
muscular segments to maximal dilation)
demonstrates the influence of the
longitudinal muscular layer on the vascular
lumen. Notably, there is no loose
connective tissue between the walls of
lymphatic vessels and capillaries and the
muscular segments.

Thus, the results of studying the
vasculature of the human large intestine
under normal conditions show that the
extra-organ arteries supplying blood to this
organ (celiac trunk, superior and inferior
mesenteric arteries) are of the muscular-
elastic type. Their walls exhibit clearly
defined external and internal elastic
membranes. The adventitia is wide,
containing numerous blood and lymphatic
microvessels as well as nerve elements.
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This layer is connected with surrounding
organs through fascial beds. According to
our findings, the arteries located between
the folds of the intestinal mesentery lack
fascial tissue beds. However, they are
surrounded by loose connective tissue and
are bound to both layers of the peritoneum
by collagen fibers.

We have obtained new data regarding the
histostructures of the longitudinal layer of
the muscularis. It was revealed that this
layer is not continuous along the
circumference of the intestine but consists
of separate segments.

The results of experimental studies on the
morphological  structures  of  blood
circulation in the large intestine
demonstrated that, following blood
withdrawal, = angiograms showed a
reduction in the diameter of the main trunk
of the superior mesenteric artery to 2.5—
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3.0 mm (prior to blood withdrawal, the
diameter was 4.0-5.0 mm). The duration
of the arterial phase increased to 11.2 s
(before blood withdrawal — 1.5 s). Portal
pressure decreased from 6.4 mmHg to 3.8
mmHg, while blood flow in the superior
mesenteric artery decreased from 294
ml/min to 90 ml/min.

In the study of injected histological
preparations, the most significant changes

Azarbaycan Tibb Universitetinin Jurnali
2026

in the microvascular bed were detected in
those regions of the intestinal wall with
shared blood supply. Moreover, these
areas are located mesoperitoneally and
are therefore functionally inactive. In the
microvascular bed of the submucosal base
of these regions, signs of impaired
vascular permeability were identified
(Fig.3), with a shift of the gradient toward
both arterial and venous microvessels.

Fig 3. Impairment of vascular permeability in the arterioles of the submucosal base of the ascending

colon in the experimental animal.
Magnification x200.

Loss of blood plasma was accompanied by
hemoconcentration changes. However, the
formation of thrombi in venules was not
observed. Along the length of numerous
arterioles, a sharp reduction in diameter
was recorded, indicating cessation of
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Intravascular impregnation by the Ranvier-Coyer method.

bleeding within them. The diameter of
venules, on the other hand, was reduced
in a fragmentary manner, characterized by
alternating constricted zones resembling
peristaltic waves (Fig.4).
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Fig 4. Spasm of arterioles and venules in the submucosal base of the ascending colon of the
experimental animal. Intravascular impregnation by the Ranvier-Coyer method. Magnification %200.

Note: 1) Arteriole; 2) Venule.

Extravasation in the microvessels of the
muscularis was less pronounced, and
bleeding within them remained minimal
throughout the experiment. Extravascular
and rheological changes, as well as
alterations in blood flow within the
microvessels of the muscularis, were also
less evident during the study. The superior
mesenteric artery differs from other major
arteries by the range of its vascularization.
With impaired perfusion of the intestinal
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wall’'s microcirculatory bed, the velocity of
blood flow in the superior mesenteric
artery decreases, and the diameter of its
main trunk becomes reduced.

Data characterizing the microcirculatory
bed of the greater omentum indicate that a
significant volume of blood plasma leaks
beyond its boundaries into the peritoneal
cavity. The structural organization of these
vessels resembles the glomerular capillary
network of the renal corpuscle (Fig. 5).
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Fig 5. Microvascular bed of the greater omentum

in the experimental animal. Intravascular

impregnation by the Ranvier-Coyer method. Micropreparation trace. Magnification x600. Note: 1)

Arteriole; 2) Vascular glomeruli.

Thus, the results of experimental
investigation into the morphological
structures of blood circulation in the large
intestine demonstrate that, following blood
withdrawal, angiograms reveal a reduction
in the diameter of the main trunk of the
superior mesenteric artery and an increase
in the duration of the arterial phase.

In the study of injected histological
preparations, the most significant changes
in the microvascular bed were detected in
those regions of the intestinal wall with
shared blood supply. This provides
grounds to consider the greater omentum
as a donor of peritoneal fluid or even as
the “third kidney” of mammals. In the
microvascular bed of the submucosal base
of these regions, signs of impaired
vascular permeability were identified.

Loss of blood plasma was accompanied by
hemoconcentration changes. However, the
formation of thrombi in venules was not
observed. Along the length of numerous
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arterioles, a sharp reduction in diameter
was recorded, indicating cessation of
bleeding within them. The diameter of
venules, on the other hand, was reduced
in a fragmentary manner, characterized by
alternating constricted zones resembling
peristaltic waves.

CONCLUSION

The results of this study demonstrate that
morphometric analysis of the vascular
system of the large intestine is of great
importance for evaluating its functional
state both under normal conditions and in
experimental settings. Normative
parameters reveal the distributional
characteristics of vessels in different
segments of the intestine, while
experimental models allow the observation
of morphological changes in vessels
during hemorrhage and  perfusion
disturbances.
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The findings obtained:
 Expand knowledge on the

pathogenesis of ischemic and post-
ischemic changes [7].
o Provide opportunities for improving

diagnostic and therapeutic
strategies in clinical
gastroenterology [8].

e Indicate that monitoring

morphometric parameters of the
microcirculatory bed may serve as a
reliable marker for early detection of
perfusion disorders [9,10].

« Show that this approach can be
integrated into both experimental
translational research and clinical
practice through the application of
endoscopic and angiological
methods [11,12,13].

Thus, morphometric analysis of the
vascular system of the large intestine is
distinguished not only by its theoretical
relevance but also by its practical
applicability in clinical gastroenterology,
providing a reliable foundation for future
translational research.
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NORMADA V® EKSPERIMENTD® YOGUN BAGIRSAGIN QAN DAMARLARININ
MORFOMETRIK ANALIZI: KLINIK GASTROENTEROLOGIYADA T9TBIQ IMKANLARI
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Xiilaso

Bu tadgigatda normada insanin va eksperimentda heyvanlarin yogun bagirsadinin gan damarlarinin
morfometrik xususiyyatlari Oyranilmisdir. Mikroskopik metodlarla aparilan analizler naticesinde
arteriola, prekapillyar, kapillyar, postkapillyar ve venulalarin diametrleri, uzunluglari, sixhigi ve
kondalen kesik sahaleri misayyan edilmisdir.Normativ gdstericilor bagirsagin muxtalif sébalerinda
damarlarin paylanma xUsusiyystlerini agkar etmis, eksperimentds ise qanaxma ve perfuziya
pozgunluglari zamani damarlarin morfoloji dayisiklikleri izlenmisdir. Blde olunan naticaler yogun
bagirsagin damar sisteminin funksional veziyyatini giymatlendirmak, gan dévrani pozulmasi ile bagl
dayisikliklerin patogenezi haqqinda malumatlari genislondirmek va Klinik gastroenterologiyada
diagnostika ve mualice strategiyalarini takmillagdirmak Ggln shamiyyatlidir.

Acar sézlor : Yogun bagdirsaq, qan damarlari, morfometriya, mikrosirkulyator yataq, arteriola,
kapillyar, venula, eksperiment, klinik gastroenterologiya

MOP®OMETPUYECKUA AHANU3 COCYOOB TOJICTOMO KUWEYHUKA B HOPME U B
SKCMNMEPUMEHTAJNBbHbIX yCnoBusxX: KINMMHUYECKOE 3HAYEHUE ans
FACTPO3HTEPOJIOINAN

babaesa P.O.

A3zepbalidxaHckuli meduyuHckul yHusepcumem, Kaghedpa aHamomuu 4desiogeka u MeOUUUHCKOU
mepmMmuHonoauu

* [1na koppecrnoHdeHyuu E-mail: ramilababayeva18@gmail.com

Pe3iome:

B HacTosileM wnccnenoBaHUM M3ydeHbl MOPOMETPUYECKUE XapaKTEPUCTUKU COCYAOB TOMCTOro
KMLWEYHUKA Yy YerioBeka B HOpMarsibHbIX YCIOBUSIX, @ Takke B 3KCTMEpMMEHTarbHbIX MOZEensix Ha
XMBOTHbIX. C MCMONb30BaHMEM MUKPOCKOMUYECKMX METOLOB M3MEPSNUCbL AvaMeTpbl, ANWHA,
MAOTHOCTL W NMowWadb MOMEPEeYHOro CEeYeHUsl apTepuosl, NpeKkanunnsapoB, Kanunmnsipos,
MOCTKANUNNSAPOB W BeHyn. HopmaTuBHble [aHHble BbIIBUNW  pErMoHanbHble pasnuMuus B
pacnpegeneHuy cocyooB B Mpefenax TOMCTOro KULEYHWKa, Torda Kak JKcnepuMeHTanbHble
pe3ynbTaTbl NPOAEMOHCTPUPOBaNM MopdOriorMyeckne U3MeHeHUs COCYAOB MpU KPOBOTEYEHUU W
HapyweHusix nepdgysun. [lonyyeHHble [OaHHble NPefoCTaBMsitOT  LUEHHble  CBEAEHUss O
YHKUMOHANBbHOM COCTOSIHUM COCYAMCTOM CUCTEeMbl TONICTOro KMLIEYHUKA, pacluMpsitoT MOHMMaHWe
MLWEMMYECKOrO W  MOCTMLLUEMMYECKOrOo naToreHe3a W CrocoOCTBYHOT — COBEPLUEHCTBOBAHUIO
AMArHOCTUYECKUX U TepaneBTUYECKMX CTpaTernii B KIIMHUYECKOWN racTPO3HTEPONOruu.

Knroyeebie cnoea: moscmbili KUWEYHUK, KPOBEHOCHbIE cOCyObl, MOpghoMempusi, apmepuorna,
3KcriepuMmeHmarbHoe uccriefogaHue, KIuHuUYecKasi 2acmposHmeporioaust
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MODERN MICROBIOLOGICAL AND ECOLOGICAL CHARACTERISTICS OF
THE ASHIGBAYRAMLI RESERVOIR

Ansarova A.H.", Abaszade Z.A.2, Guliyeva R.N.2, Jafarova U.T.2, Seyidbeyli M.1.2, MammadIli Knh.Sh.3,
Mammadova N.Ch.’

Abstract

For the long-term and efficient use of one of Azerbaijan’s major reservoirs, the quantitative
assessment of microorganisms in its water and bottom sediments is of great importance. These
include total microbial counts, specific physiological groups, and coliform-enterobacteria. The
Ashigbayramli Reservoir was established in 1951 in the Ismayilli district of the Republic of
Azerbaijan. Its primary purpose is to provide water supply to several settlements, including the
districts of Goychay and Aghsu, as well as irrigation of agricultural lands. The floristic composition of
dominant phytoplankton groups, their primary production, and the destruction of organic matter were
studied seasonally throughout 2013. Microbiological investigations included determination of the total
number of microorganisms in water and bottom sediments, as well as saprophytic and physiological
groups of bacteria. A sanitary-hydrobiological assessment of water quality was conducted based on
bacterial group abundance.

Keywords: Primary production, bacterioplankton, E. coli, coliform-enteric groups, saprophytes,
physiological groups, destruction.

INTRODUCTION
In modern conditions of water resource
utilization, the study of reservoirs is

essential for identifying alternative water
sources, preventing anthropogenic

eutrophication, and improving water-use
efficiency. The main source of water
supply to the Ashigbayramli Reservoir is a
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river. Water flow is directed through a
special canal into the natural (old) channel
of the Devabatan River and then into the
reservoir basin via the Agrichay River—
first into Ashigbayramli and subsequently
through a dam-sluice system into the lower
basin, the Yekakhana Reservoir. The
reservoir covers an area of 0.8 km? with a

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
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directly from the copyright holder. To view a copy of thislicence, visit http:/creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.28942/atuj.v6i3y2026.167

onsarova A.H, Abaszads Z.9., Quliyeva R.N.  ATU Jurnali

total water volume of 5 million m3. Since
the feeding river also serves as a
freshwater source for domestic use and
flows through densely populated areas,
and because the reservoir itself is exposed
to various anthropogenic  impacts,
assessment of its sanitary-hydrobiological
and ecological-microbiological condition is
necessary.

MATERIALS AND METHODS

To determine the annual dynamics of
water microbiota and bottom sediment
vegetation, studies were conducted
seasonally during 2013.

Four sampling stations covering the entire
reservoir area were established. Sampling
was performed according to planned
routes and fixed observation sites.

Water samples for microbiological analysis
were collected using Sorokin’s method,
and hydrobiological-hydrochemical
samples were obtained using a Knudsen
bathometer. Bottom sediments were
collected using a tube corer.

Major biogenic elements, certain heavy
metals, and other pollutants were
measured using a Palintest THM Digital
device, while dissolved oxygen was
determined with a Milwaukee MW 600
instrument. Primary phytoplankton
production and organic matter destruction
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were calculated using the G.G. Vinberg
method.

Microbiological analyses and culturing
procedures were carried out according to
the methodological guidelines of V.1
Romanenko, S.I. Kuznetsov, A.G. Rodina,
and S.N. Vinogradsky. Oil hydrocarbon-
and phenol-degrading bacteria were
determined by the Voroshilova-Dianova
method.

During the study period, 1,897 water and
bottom sediment samples were collected,
and 5,310 microbiological analyses were
performed. All numerical results were
statistically processed.

RESULTS

The Ashigbayramli Reservoir is shallow,
with a maximum depth not exceeding 2.5m
near the dam area. Due to its canal-type
characteristics, thermal stratification does
not form, and the reservoir rarely freezes.
Water transparency is relatively high (0.8—
1.2 m). Erosion processes are weak
because the shores consist mainly of rocky
and gravel substrates. The central and
dam-adjacent areas contain silty-sandy
sediments. Under moderate climatic
conditions and sufficient nutrient
availability (mineral nitrogen 1.3 mg/L and
phosphates 0.09 mg/L), phytoplankton and
phytobenthos develop from early spring.

Table1 Floristic composition of phytoplankton in Ashigbayramli reservoir
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As can be seen from Table 1, a total of
101 species of phytoplankton are recorded
in the reservoir, among which blue-green
and green diatom taxa are almost identical
and predominate. Based on the fact that
representatives of green and blue-green
species predominate in phytoplankton
throughout the year, it can be assumed
that with  increasing  anthropogenic
pressure on the ecosystem, bloom and
death events and water poisoning with
phytoncides and other metabolic products
are possible. During the development of
phytoplankton, the temperature factor
determines its qualitative composition.
Thus, when the water temperature is up to
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10-12°C, taxa of the diatom division
predominate in the algal flora, and as the
water warms, an increase in green and
blue-green vegetation is observed. In
addition, samples were collected from
surface water layers to determine the

amount of primary  photosynthetic
production of phytoplankton and its
dominant divisions (qualitative

composition). Due to the non-freezing of
the reservoir and the sufficient number of
bright sunny days even in winter,
phytoplankton photosynthesis and the
destruction of organic matter in the water
are observed here in all seasons of the
year (Table 2).

Table 2 Primary phytoplankton production and destruction (organic matter) (mg O2/1. day)

Location Winter Spring Summer Autumn

I D I D I D I D
1 0,1 0,3 0,6 21 1,30 3,0 0,3 2,4
2 0,2 0,4 0,9 24 1,70 2,8 0,8 2,3
3 0,3 0,8 1,3 2,6 2,10 3,3 1,4 2,9
4 0,4 0,9 2,0 3,2 3,20 3,8 2,3 3,0
Medium | 0,25 0,60 1,2 2,50 2,10 3,10 1,20 2,2
PP — Primary production;
D — Decomposition of organic matter
As can be seen, the minimum of introduction of allochthonous organic

phytoplankton production is observed in
winter and the maximum in summer. The
characteristic indicators of organic matter
destruction, the average seasonal
destruction data are almost 2 times higher
than the initial production. The increase in
the average annual destruction value
compared to the photosynthetic production
of phytoplankton is apparently due to the

134

matter with river waters, the main source
of which is considered to be wastewater
from settlements located in the catchment
area. It should be noted that saprophytic
(heterotrophic) bacteria react very sharply
to the presence of easily mineralized
organic matter. The results of our study
are presented in Table 3.




onsarova A.H, Abaszads Z.9., Quliyeva R.N.  ATU Jurnali

(2026) 03:10

Azarbaycan Tibb Universitetinin Jurnali
2026

Table 3 Total number of microorganisms (million/ml) in water and silt-soil (billion/g) in
Ashigbayramli reservoir by season, amount of saprophytic bacteria in water (thousand/ml)
and aerobic and anaerobic cellulose-decomposing, free nitrogen-fixing, denitrifying and

sulfating bacteria in water and silt-soil.

Type of analysis Winter Spring Summer Autumn
Station | |n the | In the | In the | In the | In the | In the | In the | In the
water | mud | water | mud | water | mud water | mud
Total microbial | 1 1,4 0,6 2,4 1,6 | 3,6 1,8 2,1 1,9
count 2 0,6 1,3 3,2 2,1 2.1 2,7 1.9 2,1
3 0,8 1,3 1,6 30 29 3,3 2,0 2,6
4 0,9 1,4 2,0 34 |32 3,4 4,6 3,0
Saprophytic 1 1,0 0,9 3,0 22 4,2 2,7 3,7 1,7
bacteria 2 1,2 1,2 5,0 26 |32 3,2 2.2 2,4
3 1,3 1.4 3.2 3.2 (29 3,3 2,3 2,6
4 0,9 1,5 10,1 36 |36 4.6 1,8 3,0
1 10 100 1000 100 | 100 100 | 1000 10
Cell-absorbing 10 100 100 100 | 100 100 | 1000 10
aerobes 2 10 10 1000 | 1000 | 100 1000 | 1000 100
10 100 100 | 1000 | 100 1000 | 1000 | 1000
3 10 10 1000 | 1000 | 100 1000 100 100
10 100 100 | 1000 | 100 1000 100 100
4 10 10 1000 | 1000 | 100 1000 100 100
10 100 100 | 1000 | 100 1000 100 | 1000
Nitrogen-fixing 1 0,0 3,0 |16,0 10 | 270 0 250 |123,0
(aerobes) 2 0,0 7,0 |67,0 10,0 | 294 10,0 270 | 118,0
3 0,0 50 |44,0 10,0 | 110,0 | 10,0 190 | 110,0
4 0,0 8,0 |33,0 0,0 |40,0 10,0 110 | 104,0
Sulphating 1 0,0 0,0 0,0 0,0 |10,0 66,0 10,0 60,0
2 0,0 0,0 50 11,0 |10,0 106,0 100 | 116,0
3 0,0 16,0 3,0 (34,0 |100 260,0 100 | 26,0
4 0,0 24,0 7,0 (46,0 |100 320,0 100 | 67,0
Denitrifier 1 0,0 0,0 |10,0 100 | 100 1000 | 1000 100
2 0,0 0,0 |10,0 100 | 100 1000 100 | 1000
3 0,0 10,0 100 | 1000 | 100 1000 100 | 1000
4 0,0 10,0 100 | 1000 | 100 1000 100 | 1000

The table shows that the total number of
microorganisms in water and bottom
sediments varies between 0.6 million/ml
and 1.4-3.4 billion/g, respectively. Such
fluctuations in the number of microflora in
time and space depend primarily on the
ambient temperature and the availability of

135

energy material. In particular, saprophytic
bacteria are a kind of biological indicator in
this regard. The maximum number of
saprophytic bacteria, noted in Tables 2
and 3, coincides with the maximum rate of
primary production and destruction of
organic matter. Since the water depth in
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the reservoir is shallow, the mineralization
of organic matter in the water column does
not have time to be completely oxidized,
and its relatively complex components
settle to the bottom. Therefore, there is a
significant difference in the qualitative
composition of colonies of saprophytic
bacteria grown in water and bottom
sediments. It is characteristic that at one
time S.l. Kuznetsov (1952; 1970) proved
that in reservoirs the easily digestible
components of proteinaceous organic
substances are mineralized primarily by
non-spore forms of saprophytic bacteria,
while the heavier compounds of the
substrate are absorbed by spore-forming
bacteria. Based on the above, it can be
noted that in the Ashigbayramli reservoir,
non-spore-forming saprophytic bacteria
cultures grown from water samples
constitute an average of 68-76 percent,
and in bottom sediments - 40-51 percent. It
was also determined that the number of
saprophytic bacteria in the water of the
Ashigbayramli reservoir varies greatly
depending on the season compared to the
bottom sediments. As can be seen in
Table 3, if the difference in the number of
saprophytic bacteria between the minimum
(winter) and maximum (summer) indicators
in the water column is equal to 3, then in
bottom sediments it is higher - 6-7 times.
Also, there are no noticeable deviations in
the distribution of the total number of
microorganisms in water and silt-soil both
by reservoir sections and by seasons.
Therefore, it can be assumed that the
Ashigbayramli reservoir has optimal
conditions for self-purification processes,
since homothermia and oxygen saturation
are observed in the reservoir in all
seasons.
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DISCUSSION

It is characteristic that the widespread
distribution  of aerobic forms  of
bacteriocenosis among  physiological
groups of bacteria is more noticeable in
the water and bottom sediments of the
reservoir. As can be seen in Table 3, in all
seasons of the year the number of aerobic
cellulose-decomposing bacteria in the
water exceeds the bottom layer by 10
times, while in the bottom sediments the
difference in the number of aerobic-
anaerobic  bacteria is almost not
noticeable. Free-living aerobic nitrogen-
fixing bacteria (genus Azotobacter) are
observed in relatively high numbers in
areas where higher aquatic plants develop
and in warm seasons when their maximum
number exceeds 290/ml. Another free-
living nitrogen-fixing genus, the anaerobic
Clostridium pasterianum, is not
widespread in the reservoir. It is not
observed in most water samples, and in
soils it does not exceed 110-120/g. There
is a rather noticeable difference in the
number and distribution of sulfate-reducing
and denitrifying bacteria, which are
anaerobes. As can be seen in Table 3, the
main biotopes of both bacterial groups are
bottom sediments, but the number of
sulfate-reducers is on average 4-5 times
less than that of denitrifiers. Based on the
fact that for optimal development and
physiological and biochemical activity of
sulfatizers, there must be a sufficient
amount of organic matter, mineral salts of
sulfates and sulfites, and a lack of oxygen
(Kuznetsov, 1959), it can be assumed that
the conditions in reservoirs are not suitable
for the active activity of these bacteria and
there is no danger of poisoning
hydrobionts with hydrogen sulfide and
deterioration of the quality of the water in
them. Since there are settlements, farms
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and local industrial facilities in the basin of
the Ashigbayramli reservoir, he is on a
summer expedition to the reservoir and the
river. Arpachai determined the number of
coli groups, phenol and hydrocarbon
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oxidizing bacteria (table 4). The presence
of phenol-hydrocarbon oxidizing bacteria in
the water in the amount of 1000/ml is, of
course, due to technogenic factors of
anthropogenic origin.

Table 4 Number of phenol, hydrocarbon, oxidizing and coliform bacteria groups in water (1
ml) of Arpachay and Ashigbayramli reservoirs (August, 2013).

Stations FR? C/h Coli bacteria
Arpachay River (above the city) 10 10 32
Collector (downtown) 1000 1000 360

Estuarii (source of a reservoir) 1000 1000 123

Water reservoir 1 1000 1000 55

Water reservoir 2 100 100 34

Water reservoir 3 100 100 28

Water reservoir 4 100 100 14

1. Note: FD — phenol decomposition;

2. HOA — hydrocarbon oxidizing agent.

The results of determining the number of households, agriculture, industry, and

coli-enteric bacteria are very indicative. As
can be seen from Table 4, the amount of
coli group in the water above the Arpachay
River settlement area is only 32/ml, and in
the settlement area (collector) it increases
more than 10 times. At the same time, the
number of E. coli in the water along the
flow path from the point of maximum
pollution to the reservoir (10-11 km)
decreases by 5-6 times. However, the
presence of E. coli in the river itself, in the
reservoir, indicates that the water is
polluted with feces, the main sources of
which are populated areas.

CONCLUSION

Thus, without conducting the above-
mentioned studies in the context of
seasons and factors, and without
determining the course of substance
circulation in reservoirs, it is impossible to
correctly assess and predict, from a
scientific and applied perspective, the
sanitary-hydrobiological safety of water
collected in reservoirs for use in
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processing farms. The primary production
of phytoplankton, which is considered the
basis of the balance of organic matter in
reservoirs, and the amount of destroyed
substrates  were  studied together.
Biological productivity, the degree of self-
purification of waters, anthropogenic
eutrophication and its ecological
significance were studied. It became clear
that the waters in the reservoirs created in
the Kura and Araz rivers, which are
severely polluted in Georgia and Armenia,
are polysaprobic and autoeutrophic.
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Xiilaso

2013-cu ilin mévsumu ugun dominant fitoplankton gruplarinin floristik tarkibi, onlarin ilkin istehsal va
Uzvi maddalarin mahv edilmasi Oyranilmisdir. Mikrobioloji tedgiqatlar mikroorganizmlerin Gmumi
sayinin, saprofitlorin sayinin, su ve dib ¢okuntularinin bakteriyalarinin fizioloji qruplarinin tayinini
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shate etmisdir. Suyun sanitar hidrobioloji giymatlendiriimasi coli bakterial gruplarina asasen
apariimigdir.

Acar sézler: ilkin istehsal, bakterioplankton, badirsaq ¢ubuglari-coli entero qrupu, saprofit, fizioloji
qruplar, mahv edilmasi.
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Peslome

M3y4yeHbl no cesoHam 2013 roga onopucTUHECKNiA COCTaB JOMUHUPYIOWMX TPYnn (OUTOMMAHKTOHA,
ero nepBUYHas MNpoOAyKUMS W AeCTpyKuMs opraHumdeckoro BewectBa. Mwukpobuonormyeckme
nuccrnegoBaHue oOxBaTUNM  onpegeneHve obwen YMCNEHHOCTM MUKPOOPraHM3MOB, KONMYecTBa
canpouTHbIX, PU3MONorM4yecknx rpynn G6akTepun Bogbl U AOHHbIX OTNOXEHWW. [JaHa caHWTapHO-
rmapobuonormyeckas oueHka BoAbl N0 AaHHBIM KONW rpynn 6akTepuin.

Knroueebie cnoea: [lepsuyHasi npodykuusi, 6akmepurniaHKmMOoH, KUWeYHble Mafioyku — KOslu-
3HMepPo2pymbl, canpoumHbie, puaUOI02UYECKUEe 2pYbl, OeCmMPYKUUSI.
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DIAGNOSTIC AND MANAGEMENT CHALLENGES IN AR-NEGATIVE AIS-
LIKE PHENOTYPES: A CASE SERIES

Jafarli I."", Huseynova 1.2

Abstract

We report on three pediatric patients (18-35 months) presenting with features of a 46, XY disorder of
sex development (DSD) with an androgen insensitivity syndrome (AlS)-like phenotype, including
variable presentations of chordee, penoscrotal transposition, hypospadias-associated anomalies, and
undescended testes. These cases were initially suspected of having Partial Androgen Insensitivity
Syndrome (PAIS) based on clinical presentation; however, no structural Mullerian, renal, or anorectal
anomalies were identified.

Genetic evaluation included targeted AR gene sequencing and broader DSD panels. Endocrine
evaluation included basal and stimulated testosterone, gonadotropins, and testicular function markers
(AMH, inhibin B). Immunohistochemistry (IHC) was performed on gonadal and scrotal tissue biopsies
to assess androgen receptor (AR) expression patterns. Clinical management followed a
multidisciplinary team approach, emphasizing conservative surveillance, longitudinal endocrine
monitoring, and individualized developmental support, consistent with frameworks established in
recent pediatric surgical literature [1]. All three patients tested negative for pathogenic variants in AR
and standard DSD panel genes, with baseline hormonal profiles showing normal-to-low-normal
responses to hCG stimulation. IHC analysis in Case 1 revealed atypical AR expression, characterized
by weak, variable positivity in preputial and scrotal epithelial cells, with significant AR-negative regions.
Management remained conservative; early gonadectomy was strictly avoided, and elective
reconstructive surgeries (such as chordee correction and orchidopexy) were deferred to allow for
spontaneous pubertal progression and further phenotypic assessment.

These cases illustrate the diagnostic challenges of "AR-negative" DSD, where an AlS-like phenotype
persists despite the absence of identifiable genetic mutations. The presence of atypical AR expression
patterns suggests potential receptor dysfunction or undiscovered regulatory mechanisms. A flexible,
multidisciplinary management strategy is incorporating psychological support, genetic counselling,
parental informed consent, and the deferral of non-urgent irreversible surgeries is essential to provide
comprehensive, patient-centered care [2].

Key words: disorders of sex development, Partial Androgen Insensitivity Syndrome, AR gene,
immunohistochemistry, whole-exome sequencing

INTRODUCTION congenital conditions where chromosomal,
Disorders of Sex Development (DSD) gonadal, or anatomical sex development is
represent a heterogeneous group of atypical. Among these, 46,XY DSD caused
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by androgen resistance clinically termed
Partial Androgen Insensitivity Syndrome
(PAIS) is a major diagnostic consideration
for infants presenting with ambiguous
genitalia and external virilization defects [3].
Classically, the suspicion of PAIS triggers
genetic sequencing of the AR gene.
However, clinical literature indicates that
less than 30% of boys with phenotypes
suggestive of PAIS harbor a detectable AR
mutation [4]. This diagnostic gap leaves
clinicians with "AR-negative" cases where
the clinical and hormonal profile suggests
androgen resistance, yet the molecular
etiology remains elusive. Furthermore,
ethical standards in paediatric surgery
require strict adherence to institutional
review board (IRB) oversight and explicit

parental informed consent, particularly
when evaluating delicate congenital
variations.

MATERIALS AND METHODS

Clinical Presentation and Diagnostic
Findings

The three patients presented between 18
and 35 months of age. Clinical features
varied per individual case, encompassing
localized genital anomalies  without
structural Mullerian, renal, or anorectal
involvement. Maternal androgen exposure
was ruled out in all instances.
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Baseline and Stimulated Hormonal
Profile:

To assess testicular function and clarify the
biochemical basis of suspected androgen
resistance, baseline and human chorionic
gonadotropin (hCG)-stimulated hormone
levels were evaluated. Basal luteinizing
hormone (LH), follicle-stimulating hormone
(FSH), and testosterone fell within age-
appropriate prepubertal ranges. Post-hCG
stimulation testing demonstrated
appropriate testosterone increments
alongside preserved serum Anti-Mullerian
Hormone (AMH) and inhibin B levels,
confirming functional testicular tissue
without evidence of gonadal dysgenesis.
Genetic Analysis: Sequencing of the AR
gene and extended panel testing for DSD-
related genes were negative for pathogenic
variants across all three patients.
Immunohistochemistry: Analysis of Case
1 revealed atypical AR expression, with
variable, weak positivity in the prepuce and
scrotal samples, and significant regions of
AR-negativity.

The presence of a clinical AlS-like
phenotype without an identified genetic
cause highlights the limitations of current
targeted gene sequencing and the potential
role of undiscovered molecular pathways or
regulatory region abnormalities [4].



Cafarlii.,, Hiseynovai.  ATUJurnali  (2026)03:11

Table 1. AR-Negative Inconclusive Cases
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skin FSH: ions |of epithelial cells injreconstructive surgery
normal; T:in AR|prepuce/scrotal skin showed/Planned future chordee
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ent normal or weak, variable positivity. ~2%|correction/penile
118 chc;rdee prepubertajexten lof epidermal cells showeddegloving if indicated
widened,l rise post-ded |strong nuclear positivity. Genetic counseling and
enoscr hCG; DSD Scrotal samples were AR-formal parental consent
gtal AMH/Inhibijpanel negative except for an isolated|Longitudinal MDT
. B:igene |sebaceous gland. endocrine surveillance
distance
normal S
LH:
normal;
Meatal. FSH: Deferred non-urgent
stenosis, Negat
webbed normal; T: ive for surgery
2 24 benis adequate AR Not performed (insufficientSerial growth and
P ' |response tissue biopsy) endocrine monitoring
scrotal mutat . o
(ransSpos post-hCG; ons Enrolled in longitudinal
ransbos AMH/Inhibi MDT review
ition
B:
normal
Management and Therapeutic Strategy and hormonal markers  confirmed
A conservative management approach was functional, non-dysgenetic testes with no
adopted, with emphasis on careful elevated malignancy risk.  Elective
longitudinal follow-up under institutional reconstructive  procedures (such as
ethical guidelines and parental informed chordee correction, penoscrotal

consent. The patients underwent regular

endocrine monitoring, including serial
hormonal  evaluations to  measure
hypothalamic-pituitary-gonadal axis

function. Growth velocity and pubertal
development were monitored through
periodic clinical assessments to evaluate
ongoing physical maturation.

Surgical strategy explicitly avoided early
gonadectomy, as histological evaluation
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transposition repair, and orchidopexy) were
intentionally postponed to allow for
spontaneous physical development and to
support shared decision-making as the
child matures [5]. In addition,
comprehensive psychosocial support was
provided to the families to facilitate coping,
address concerns related to the diagnosis,
and prepare for future discussions
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regarding gender identity and long-term
well-being.

DISCUSSION

The challenge of managing AR-negative
DSD lies in the unpredictability of long-term
outcomes. While patients with genetically
confirmed PAIS may show higher rates of
complications like gynecomastia, the
prognosis for those without identified
mutations is less clear [4].

The use of immunohistochemistry (IHC) for
AR remains a useful but supplementary
tool. As seen in Case 1, patchy or weak
nuclear expression does not necessarily
confirm a functional defect but suggests
potential receptor dysregulation. Future
diagnostics may increasingly rely on
Whole-Exome Sequencing (WES) to
uncover novel genetic factors, as recent
studies have identified causal variants in
previously "idiopathic" cases through
expanded research-based sequencing [6].
Recent advances in next-generation
sequencing (NGS), particularly whole-
exome sequencing (WES), have
substantially expanded the spectrum of
genes implicated in AlS-like phenotypes,
facilitating the identification of pathogenic
variants in genes involved in androgen
biosynthesis, androgen signaling
pathways, gonadal development, and other
molecular mechanisms that may mimic
classical AIS [7].

Some studies demonstrated that
incorporating NGS into the diagnostic
evaluation of patients with DSD significantly
improves molecular diagnostic yield
compared with conventional sequential
testing [7]. Their findings emphasize that
patients with an AlS-like presentation but
negative AR testing frequently receive
alternative molecular diagnoses through
broader gene panel or exome sequencing,
allowing for more accurate disease
classification and personalized clinical
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management. Similar research highlighted
the evolving role of WES as an important
diagnostic tool in unresolved DSD cases,
particularly when the phenotype does not
clearly correspond to a single genetic
disorder [6]. The authors emphasized that
identifying the underlying molecular defect
not only refines diagnosis but also improves
genetic  counseling, recurrence  risk
assessment, and multidisciplinary clinical
decision-making.

CONCLUSION

The recognition of AR-negative AlS-like
phenotypes has important implications for
patient management beyond establishing a
molecular diagnosis. Accurate genetic and
hormonal characterization contributes to
individualized decisions regarding gonadal
surveillance, endocrine treatment, fertility
counselling, and psychosocial support.
Furthermore, long-term outcome studies
have reinforced the importance of
integrating genetic diagnosis with careful
multidisciplinary evaluation when making
decisions regarding sex assignment and
lifelong management. Another study
emphasized that gender-related outcomes
in individuals with DSD depend on multiple
factors, including the underlying diagnosis,
hormonal function, psychosocial
environment, and ongoing clinical support
[8]. Consequently, establishing a precise
molecular diagnosis through
comprehensive genomic testing provides a
stronger foundation for patient-centered
counselling and shared decision-making.
Collectively, these findings support the
routine integration of comprehensive
genomic approaches, including WES, into
the evaluation of patients with AR-negative
AlS-like phenotypes to improve diagnostic
accuracy, optimize long-term management,
and advance understanding of the complex
genetic architecture of DSD.
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Xiilaso

Biz 46,XY cinsiyyat inkisafi pozgunlugunun xususiyyatlarini nimayis etdiron, 18-35 ayliq u¢ pediatrik
pasiyent hagqinda malumat veririk. Pasiyentlords androgenloera gisman hassasliq sindromuna banzar

fenotip miuisahide olunmusdur.

Klinik tezahlrlere mdixtalif deracelerde xordeya, penoskrotal

transpozisiya, hipospadiya ile alagali anomaliyalar ve kriptorxizm daxil olmugdur. Bu hallar ilkin olaraq
klinik tazahurlera asasan Androgenlare Qisman Heassasliq Sindromu kimi giymatlendirilmisdir. Lakin
Mdllerian strukturlarinda, béyreklerde ve anorektal nahiyade he¢ bir struktur anomaliya askar
edilmemisdir.
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Bu hallar “AR-manfi” cinsiyyat inkisafi pozgunlugunun diagnostik ¢atinliklerini niimayis etdirir. Bela

hallarda muisyyen edile bilan genetik mutasiyalar olmadigi halda androgenlera gisman hassasliq
sindromuna benzar fenotipin davam etmasi misahide olunur. AR ekspressiyasinin atipik
nimunalerinin - movcudlugu reseptor disfunksiyasinin ve ya askar edilimamis tenzimlayici
mexanizmlarin mimkuanliyinu gostarir. Kompleks va pasiyentyonimli tibbi yardimin tamin edilmasi
Ugln psixoloji destek, genetik maslahatlosme, valideynlerin malumatlandiriimis razihdr va tacili
olmayan, geri ddnmaz cerrahi midaxilslerin taxire salinmasini shate edan c¢evik, multidissiplinar
yanasma vacibdir.

Acar sézlor: cinsi inkisaf pozgunluqlari; androgenlere qismen hsssasliq sindromu; AR geni;
immunohistokimya,; tam ekzom sekvenslenmasi.

ANATHOCTUYECKUE W TEPAMNEBTUYECKUE T[POBJIEMblI TMMPU AR-HEFATUBHbIX
®EHOTUNAX, CXOOHbIX C CMHOPOMOM HEYYBCTBUTEJNIbHOCTU K AHOPOrEHAM:
CEPUA KITMHUYECKUX CITYHAEB

[xagpapnu WN.7* NyceliHosa M.2

" BonbHuua Yencu u BecmmuHemepa, Benukobpumarus
2 MIHcmumym mornekynspHol 6uosioauu u 6uomexHoroauli, AsepbatioxaH
* [lnsa koppecrnoHOeHyuu E-mail: ilhama.jafarli@nhs.net

Peslome

Mol npeacTaBnsaemM TpU KNMHUYECKKX criydas y geten B BospacTte oT 18 fo 35 mecsaueB ¢ npusHakamm
HapyweHua nonosoro passutua 46, XY un  (PeHOTMNOM, CXOAHbIM C  CUHOPOMOM
HeyyscmeumeribHocmu K aHopozeHaM. KnmHuyeckne NposiBIiEHMs BKIOYANM pasriMyHble BapuaHThbl
XOpAd, NEHOCKpOTarbHOWM TPaHCMO3ULMKU, aHOMarnun, acCouMMPOBaHHbLIX C rMnocnagnen, a Takke
KpunTopxuamMoMm. [lepBoHayanbHO Ha OCHOBaHUM KAWHWYECKOW KapTWHbI Yy 3TUX MNauUeHTOoB
npeanonarancs cuHOPoOM 4Yacmu4HoU HedyscmeumernibHocmu K aHopozeHam (CYHA). OpHako
CTPYKTYPHbIX aHOManum MonnepoBbIX CTPYKTYP, NOYEK UMM aHOpeKTanbHOW 0bnacTu BbISBAEHO He
Oblino.

O™ cnyvyam [OEMOHCTPUPYKOT CIIOXKHOCTUM  AMAarHOCTUKM  HapyLIEeHW MNOI0OBOro pas3BuUTUS C
«oTpuuaTtenbHbiMm  AR»-cTatycoMm, npu  KOTOPOM  (PEHOTMM,  HaNnOMWHAKWWA  CUHOPOM
HEYYBCTBUTENBHOCTU K aHOPOreHaMm, COXPaHAETCs HECMOTPsi Ha OTCYTCTBME BbISIBNSEMbIX
reHeTU4eCcKNx MyTaumin. Hanuumne atmnmyHbix natTepHoB akcnpeccun AR ykasbiBaeT Ha BO3MOXHYHO
OVCYHKLMIO peLienTopa unm cyLecTBoBaHME eLé He BbISBMEHHbIX PerynaTtopHbIX MexaHuamoB. [ns
obecneyvyeHns KOMIMMEKCHOW, OPUEHTUPOBAHHOM Ha MauMeHTa MeOULMHCKOM MOMOLLUM Heobxoamm
TMBKNIA MyNbTUAMCUUNIIMHAPHBIN NOAX0L, BKMOYAKOLLMIA NCUXONOrMYECKYI0 NOAOEPXKKY, reHeTu4ecKoe
KOHCYNbTUpPOBaHME, WHMOOPMUPOBAHHOE corfnacue poauTenelm U OTCPOYKY NPOBeAEHUs
Heobsi3aTeNbHbIX HEOBPATUMbIX XUPYPrUYECKNX BMELLaTENbCTB.

Knrouyeeble cnoea: HapyweHuUs r1o/108020 pa3sumusi; CUHOPOM YacmuyHOU HeYyecmeumeibHocmu
K aHOpozeHaM; 2eH AR, UMMYHO2UCMOXUMUS; 0/IHOE 3K3OMHOE CEK8EHUPOBaHUE.
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DEVELOPMENT OF THE FIRST DEPARTMENT OF CHILDREN'S DISEASES

FROM 1924 TO THE PRESENT DAY

Baylarov R.O., Huseynova S.A., Rasulova L.T., Namazova B.A., Huseynova l.I.

The Department of Pediatrics, founded in
1924 by Professor O.A. Kornitsky at the N.
Narimanov Children's Hospital, was the first
pediatric department at the Medical Faculty
of Azerbaijan University. |Initially, the
department had three wards with 20-25
beds and a laboratory room. In addition, the
department gained the right to teach fifth-
year students at Semashko Hospital on
infectious children's diseases. At first,
training was conducted at N.Narimanov
Hospital: in the infant clinic and the
University Children's Outpatient Clinic for
consultations for children aged 2-3 years.
During this period, the department's
activities were focused on the following
areas: a) nutritional disorders in infants and
young children, b) discorrelative forms of
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growth and development of the child's body
- rickets, diathesis, c) diseases of the blood
and hematopoietic organs in early
childhood. Classes for fourth and fifth-year
students were held according to the plan at
the University Outpatient Clinic and
Polyclinic.  During this period, the
department also conducted active scientific
work. From 1926 to 1930, the department's
employees made numerous reports both in
Baku and at the All-Union Congresses of
Pediatricians  (Moscow, May 1927).
Journals on the study of early childhood,
Moscow (Volume 1V, No. 4, 1926) were also
published. In 1927, Professor A.O.
Karnitsky published a textbook for students
and doctors entitled "Child Development
and Features of Its Periods". Under the
leadership of Professor A.O. Karnitsky and
together with the employees of the
University Children's Clinic and doctors of
the N.Narimanov Hospital, the "Baku
Society of Pediatricians" was created.

In 1930-1935, B.P. Brukhansky worked as
the head of the department. He was also
the director of the N.K.Krupskaya Institute
for the Protection of Mothers and Children.
In 1935, Professor Z.A. Huseynbekov was
elected head of the department. However,
in the late 1930s, Z. Huseynbekov was
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subjected to repression and was arrested
on false charges. Therefore, in 1940, the
leadership of the department was entrusted
to Professor C.G. Stein. Scientific research
conducted in the 1930s was mainly devoted
to the problem of rheumatism and regional
pathology (especially malaria). In 1938, the
Department of Pediatrics was transferred to
the 70-bed pediatric department of the
Black City Clinical Hospital No. 2. There
were clinical and biochemical laboratories,
an auditorium for lectures, and rooms for
practical classes. Several employees of the
department were mobilized into the army
during the war. The head of the department,
Prof. S.G. Stein, was awarded the title of
"Honored Scientist" on May 11, 1942, along
with several medical specialists (S.I.
Velikhan, I.S. Ginzburg, V.A. Tarnogradsky)
for his impeccable work and service in the
field of medicine. During his leadership, the
basis of scientific research work at the
department was rheumatism, malaria and
rickets.

Released from  prison in 1956,
Z.Huseyinbeyov was re-elected as head of
the department and worked in this position
until 1959. As a deputy of the Baku City
Council, he actively participated in the
political and social life of the city, and at the
same time carried out large-scale scientific
and pedagogical and medical work.

In 1959, this department was headed by
Associate Professor N. Karimova, and in
1965-1970, by Professor A.A. Namazova.
Under the leadership of Professor
A.A.Namazova, the Republican
Cardiorheumatology Center was created in
1965-1970. In addition to rheumatism, the
clinical features of vascular dystonias in
children were also practiced in this center.
From 1970 to 1992, the Azerbaijan Medical
University, Faculty of Medical and
Preventive Medicine was located at the 2nd
Clinical Hospital named after E.Efendiyev,
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the 7th Children's Infectious Diseases
Hospital and the 2nd Children's Polyclinic.
During this period, the department was
headed by Professor N.A. Huseynova, who
graduated from the N.l. Pirogov Moscow
Medical Institute in 1948. A talented and
versatile scientist, N.A. Huseynova always
devoted a lot of time to the development of
innovations and the improvement of
teaching and methodological work in the
department she headed for 22 years.
Pediatric gastroenterology became the
main focus of the department. The study of
diseases of the gastrointestinal and
hepatobiliary systems began in the early
1970s, when endoscopic, bacteriological
and ultrasound examination methods were
first used to diagnose and verify the spread
of lesions of the gastrointestinal mucosa.
This led to the introduction of scientifically
based treatment methods. A dispensary
observation system for sick children was
created and organized. Epidemiological
studies of gastrointestinal diseases among
more than 20,000 schoolchildren revealed
their high prevalence (22%) and structure,
identified the characteristics of regional
pathology and identified a group of risk
factors for their development.

N.A. Huseynova's unusual way of thinking
and remarkable working capacity allowed
the department to conduct advanced
research not only in gastroenterology, but
also in other relevant areas of pediatrics.
From 1992 to 2017, the department was
headed by Professor N.D. Guliyev for 25
years.

In the last ten years, the research topics of
the department have included " Clinical and
paraclinical parallels in the syndrome of
impaired intestinal absorption in early
childhood" and "Study of the clinic and
pathogenesis of chronic hepatitis in
children", of exceptional importance in the
study of these topics has been the wide
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application of new biochemical,
bacteriological, immunological and
instrumental research methods in clinical
practice. New effective treatment methods
for diseases of the gastrointestinal system
have been developed and introduced into
daily practice, which has significantly
changed the treatment strategies of
pediatricians, increased the effectiveness
of treatment for sick children and sharply
reduced the number of relapses. The
medical and social significance of the
proposed preventive methods for the
preclusion of diseases of the
gastrointestinal system is great. It has
become known that in children, as in adults,
gastrointestinal diseases rarely occur as a
single disease and syntropy is observed.
Since 1994, the main base of the Pediatrics
Department has been transferred to the
K.Y. Farajova Research Pediatrics Institute.
This has expanded the possibilities for
conducting research on issues such as
breastfeeding and hypogalactia.
Hypogalactia is one of the main problems,
since the lack of breast milk is a global
problem in pediatrics. New information on
the etiology, prevention and treatment of
hypogalactia has been published in the
press as teaching aids, presented at
conferences, and presented in the "Health"
program of Azerbaijan Television.
Large-scale work is being carried out to

provide practical assistance to the
population, especially refugees.
For the multifaceted activity of the

pediatrician, scientist, teacher, organizer,
some employees of the department are
highly appreciated by the health, state and
government: Professor Huseynova N.A., in
1984 with the “Healthcare Excellence”
badge, in 1986 with the “Labor Veteran”
medal, in 1990 with the Honored Doctor of
Azerbaijan, in 2010 with the “Progress
Medal”, Professor N.J. Guliyev received the
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honorary title of Honored Scientist in 2000.
In 2007, he was awarded the “Progress”
medal, and in 2007 he was elected
president of the Turkish World Pediatricians
Association. Associate Professor S.A.
Huseynova was awarded the honorary title
of “Honored Doctor” by the President of the
Republic of Azerbaijan Ilham Aliyev in 2011.
From 2016 to the present day, the
department continues its  scientific,
practical, and pedagogical activities as the
Department of Pediatrics of the Faculty of
Medical and Preventive Medicine. From
2017 to 2023, Professor S.Sh. Hasanov
served as the head of the department. The
main research areas of the department
remained topical issues of neonatology and
pediatric gastroenterology.

With the tireless attention and support of
the President of the Republic of Azerbaijan
I.H. Aliyev, the opening of the Educational-
Therapeutic Clinic in 2010 allowed our
department to conduct classes with patient
demonstrations both at the K.Farajova
Scientific Research Institute of Pediatrics
and at the TTK.

Currently, the department is located at the
K. Farajova Scientific Research Institute of
Pediatrics, Educational-Therapeutic Clinic,
Educational Surgery Clinic and AMU
building No. 5. Since 2023, Professor R.O.
Baylarov has been heading the department.
In addition to pedagogical activities, the
staff of the department continues to conduct
active research in the fields of neonatology,
nephrology, and gastroenterology.

Since 1970, 53 candidate and 4 doctoral
dissertations have been defended at the
department under the leadership of
professors N.A. Huseynova, N.J. Guliyeyv,
S.Sh. Hasanov and R.O. Baylarov.

As a result of the research, publications in
the form of articles, educational and
methodological manuals and presentations
have been published at conferences and
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congresses held both in our republic and
abroad.

Research conducted in the fields of
pediatric gastroenterology and neonatology
forms the basis for the creation of
monographs and textbooks.

Prof. N.A. Huseynova, prof. N.J. Guliyev,
assoc. prof. S.A. Huseynova, assoc. prof.
S.A. Abiyeva, assoc. prof. R.H. Rzayeva,
assoc. prof. A.M. Hasanov, assoc. prof. Z.S.
Talyshly have written the textbooks
“Childhood Gastroenterology” and “Dietary
Therapy in Pediatrics”; Prof. N.J. Guliyev,
Prof. S.M. Gasimova, Assoc. Prof. U.A.
Aliyeva are the authors of the textbook
“Childhood diseases (theoretical
knowledge and practical skills)”.

Prof. R.O. Baylarov, Prof. A.G. Hasanoy,
U.K. Hajiyeva, Assoc. Prof. F.M.
Mammadova are the authors of the
textbook “Childhood diseases” (Part I).
Prof. G.M. Nasrullayeva is the author of
several textbooks and educational and
methodological manuals for students,
including the book “Recurrent respiratory
diseases in children”. She is also the author
of the textbooks “Immunology”; “Childhood
diseases”; “Clinical Immunology” (2009 and
2011); Primary and Secondary
Immunodeficiency teaching methodical
manual and Congenital Immune Pathology
textbook, as well as the textbooks
“Childhood diseases” and  “Clinical
Immunology” in English.

Prof. S.Z.Garayeva is the author of the
monograph “Physical Development and
Health Status of Early Childhood” (2022);
the textbook “Childhood Diseases” (2014).
Also, the employees of the department,
Assoc. Prof. I.Sh. Mahmudov, Assoc. Prof.
U.A. Aliyeva, Assoc. Prof. B.A. Babayeva,
Assoc. Prof. A.B. Huseynova, “Acute non-
specific diseases of the bronchopulmonary
system in children”; Assoc. Prof. 1.Sh.
Mahmudov, Assoc. Prof. U.A. Aliyeva,
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Assoc. Prof. G.M. Hasanguliyeva,
“Pathologies of the digestive system in
children”; Prof. S.Sh. Hasanov, Assoc. Prof.

[.Sh. Mahmudoyv, Assistant Prof.
N.O.Mollayeva, Assistant. Prof.
F.B.Amrahova, “Basic principles of

emergency medical care provided to
children in various pathologies”; Assoc.
Prof. U.A. Aliyeva, Assoc. Prof. |.Sh.
Mahmudoyv, “Congenital functional
diseases of the cardiovascular system in
children. Also Assoc. Prof. U.A. Aliyeva,
Assoc. Prof. 1.Sh. Mahmudov are the
authors of the textbooks “Congenital heart
defects, examination methods and
treatment”.

Department staff: prof. G.M.Nasrullayeva,
Assoc. Prof. N.A.Bayramova,
prof.S.Z.Garayeva, Assoc. Prof.
S.A.Huseynova, Assoc. Prof. A.M.Hasanov
have repeatedly successfully delivered
reports at international conferences.

Some of our employees, who defend the
position of pediatric education and at the
same time participate in the improvement of
pediatric services, are members of
international medical societies.
Prof.G.M.Nasrullayeva is a corresponding
member of the International EcoEnergy
Academy, a corresponding member of the
Russian Academy of Natural Sciences, a
member of EAACI (European Academy of
Allergy and Clinical Immunology), a
member of the British Immunological
Society, a member of ESID (European
Society of Immune Deficiency), a member
of the Azerbaijan Allergy and Immunology
Society.

Assoc. Prof. N.A. Bayramova is a member
of the Early Childhood Development
Scientific Committee of the International
Pediatric Association, the editorial board of
the Turkish Archives of Pediatrics journal,
the International Guide for Monitoring Child
Development International Committee of
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the International Development Pediatrics
Association. She is the deputy editor of the
Azerbaijan Medical Association Journal.
She is the Secretary General of the Central
Asian Pediatrics Union. She is the
Chairman of the Scientific Research
Working Group of the Azerbaijan Pediatric
Society, a member of the Azerbaijan
Pediatrics Assosiation and the scientific
staff of the Scientific and Educational
Center.

The teaching staff of the department honors
and remains faithful to the traditions of the
pediatric community, has earned the love
and respect of students.

The head of the teaching department,
Assistant Prof. B.A. Namazova, was
awarded the title of “Teacher of the Year” of
the Azerbaijan Medical University in 2024,
and Assoc. Prof. N.A. Bayramova in 2025.
In addition, during decades of scientific and
pedagogical work, the employees of the
department have trained a large number of
talented scientists and practicing doctors.
The great diligence of N.A. Huseynova has
allowed the department to conduct
innovative  research not only in
gastroenterology, but also in other relevant
areas of pediatrics.
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