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

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

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

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

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

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

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

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

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

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

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

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

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

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

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

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Background/Objective: Following a stroke, activation of
the immune system leads to a cascade of events collectively
known as neuroinflammation, which involves the release of pro-
inflammatory cytokines [such as tumor necrosis factor-alpha
(TNF-a)], recruitment of immune cells, and disruption of the
blood-brain barrier. Herein, we sought to investigate levels of
TNF-a in patients with strokes (both ischemic and hemorrhagic).

Methods: Blood or serum specimens were collected from
male patients with stroke from the Republic of Georgia
(Adjarian) population. A total of 48 patients (ischemic stroke =
27; and hemorrhagic stroke = 21) formed the basis of this study
analysis. An enzyme-linked immunosorbent assay (ELISA)
was employed to assess the TNF-a levels in all specimens.
The reference level was < 8 pg/mL. Statistical analyses were
performed using GraphPad Prism 9. A p-value of <0.05 was
considered statistically significant.

Results: Both ischemic and hemorrhagic stroke patients had
relatively higher levels of TNF-a (15.26 + 8.68 vs. 9.18 + 5.66
pg/mL; p=0.0065). Approximately 1.66-fold increase in TNF-a
level was observed in patients with ischemic stroke as compared
to the hemorrhagic stroke patients.

Conclusion: Our analysis suggests that significantly
increased levels of TNF-o are associated with both ischemic
and hemorrhagic strokes male patients; however, the levels in
ischemic stroke patients are more pronounced. Thus, monitoring/
targeting TNF-a may help identify high-risk patients and guide
new therapeutic strategies to improve recovery in male stroke
patients.

Key words. Ischemic stroke, hemorrhagic stroke, TNF-q,
pro-inflammatory cytokines, cognitive impairments, prognostic
factors.

Introduction.

Stroke is a widespread and severe global health problem,
ranking among the top causes of death and disability worldwide.
Its burden is increasing in absolute numbers, affecting millions
of people across all regions and age groups [1]. Stroke is broadly
classified into two main types: i) ischemic stroke, caused by
an obstruction of blood flow to the brain, and ii) hemorrhagic
stroke, resulting from bleeding into or around brain tissues [2].
While ischemic stroke accounts for approximately 80—85% of all
cases, hemorrhagic stroke comprises about 15-20%. Although
both types share common risk factors such as hypertension and
diabetes, their pathophysiology and clinical outcomes differ
significantly [3]. In men, who tend to experience strokes at a
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relatively younger age and with greater severity than women,
understanding the underlying biological mechanisms is
particularly important for improving prevention and treatment
strategies [4].

Globally, stroke represents a significant burden on healthcare
systems, with an increasing number of cases observed in
low- and middle-income countries [1]. Men have a slightly
higher lifetime risk of stroke compared to women and are
also more likely to experience recurrent strokes. This gender
difference may partially be explained by variations in lifestyle
interventions, hormone levels, and immune responses [5].
Among the many biological processes involved in stroke
development and progression, inflammation play a central role.
Following a stroke, the activation of the immune system leads to
a cascade of events collectively known as neuroinflammation.
This process involves the release of pro-inflammatory cytokines,
recruitment of immune cells, and disruption of the blood-brain
barrier (BBB), all of which contribute to further brain injury [6].

One of the most studied cytokines in this context is tumor
necrosis factor-alpha (TNF-a), which is a key pro-inflammatory
molecule rapidly produced by immune and brain cells in
response to injury. It contributes to neuronal damage by
promoting oxidative stress, endothelial dysfunction, and
increased permeability of the BBB [7]. Elevated levels of
TNF-a have been observed in both ischemic and hemorrhagic
stroke patients, and its expression is linked with worse clinical
outcomes, including larger infarct size and poorer neurological
recovery [8]. Despite its recognized role in stroke pathobiology,
the specific patterns and implications of TNF-a expression in
male stroke patients remain underexplored. Monitoring and
targeting TNF-o may help identify high-risk patients and guide
new therapeutic strategies to improve recovery in male stroke
patients.

Sex hormones such as testosterone and estrogen are known to
influence immune responses, and emerging evidence suggests
that men may exhibit distinct inflammatory profiles following
stroke. Understanding these differences may help explain
variations in disease progression and recovery between the
genders and could support the development of more targeted
interventions [5]. Herein, we aimed to evaluate TNF-a levels in
patients with strokes (both ischemic and hemorrhagic).

Materials and Methods.

This study included male patients with ischemic (n=27) and
hemorrhagic (n=21) strokes from the Republic of Georgia
(Adjarian) population. This study was approved by our primaly
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institutional review board / ethics committee.

For TNF-a analysis, venous blood specimens (plasma or serum)
were used. An enzyme-linked immunosorbent assay (ELISA,
R&D Systems, Minneapolis, USA) was employed to assess
TNF-a levels. The reference level was < 8 pg/mL. Statistical
analysis (t-test, descriptive statistics) of the experimental data
was performed using GraphPad Prism 9; The p-level of < 0.05
was considered statistically significant.

Results.

The mean age of ischemic stroke patients was 73.30 + 11.59
years and the hemorrhagic stroke patients was 59.90 + 18.56
years. As shown in Figure 1, TNF-a levels were determined to
be 15.26 £ 8.68 pg/mL in ischemic stroke specimens and 9.18
+ 5.66 pg/mL in hemorrhagic stroke specimens (p=0.0065).
Approximately 1.66-fold increase was observed in the case of
ischemic stroke as compared to the hemorrhagic stroke cases
(Figure 1).

Figure 1. The levels of tumor necrosis factor-alpha (TNF-o) in male
30

IS HS

patients with ischemic stroke (IS, n=27) and hemorrhagic stroke (HS,
n=21) from the Republic of Georgia (Adjarian) population.

It is widely recognized that in ischemic stroke, the brain does
not get enough blood and oxygen, which leads to inflammation.
One of the main inflammatory proteins involved is TNF-a. It is
produced quickly by brain cells like microglia and by immune
cells. TNF-a increases damage by making the BBB leaky,
reducing blood flow, and increasing cell death [9].

Studies show that TNF-a levels go up in men after ischemic
stroke. For example, high TNF-a was found in both cerebrospinal
fluid and blood of stroke patients during the first 24 hours [10].
High TNF-a levels are often linked with larger strokes, higher
NIH Stroke Scale scores, and worse outcomes [11]. Some men
may also have genetic changes that affect TNF-a production.
The -308 G/A polymorphism in the TNF gene is one such
variant. People with the A allele may produce more TNF-a and
have a higher stroke risk [12].

Discussion.

In animal models, blocking TNF-a has been shown to reduce
brain damage and improve outcomes. However, these treatments
have not yet been proven in humans. More research is needed,
especially in male stroke patients [13].

In a hemorrhagic stroke, bleeding occurs in the brain. This
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causes early injury, swelling, and damage to nearby brain tissue.
TNF-a plays a key role in this process. It is released soon after
the bleed and causes BBB disruption, inflammation, and may
lead to hematoma expansion [9].

Human studies have demonstrated that TNF-a levels increase
following intracerebral hemorrhage. For example, studies have
found that higher serum TNF-a levels are associated with larger
hematoma sizes and worse outcomes [ 14]. Compared to ischemic
stroke, TNF-a levels may rise earlier in hemorrhagic stroke due
to the sudden presence of blood in brain tissue. TNF-a is also
linked with perihematomal edema, which increases pressure
and damage [9].

In the long-term, high TNF-o levels can lead to chronic
inflammation and impede recovery. In men, this may be
exacerbated by stronger inflammatory responses [15]. More
studies are needed to understand how TNF-a affects male
patients after hemorrhagic stroke and whether it can be used
as a target for treatment. In ischemic stroke, TNF-o levels
rise gradually as brain cells die and inflammation develops. In
hemorrhagic stroke, TNF-a increases more rapidly due to the
presence of blood in the brain, leading to immediate immune
activation [16]. These differences may be due to oxidative stress
and the varying responses of microglia (brain immune cells) in
each type. Ischemia leads to slow oxygen loss and cell damage,
while hemorrhage causes direct tissue irritation and swelling.
This leads to different patterns of TNF-a release [17].

Sex hormones also affect inflammation. Androgens (male
hormones) may increase TNF-a production, while estrogens
(female hormones) can reduce it. This may explain why men
show higher TNF-a responses and more severe inflammation
after stroke [18]. Understanding these differences can help in
designing gender-specific treatments for stroke [19].

Anti-TNF drugs, used in other diseases like rheumatoid
arthritis, show promise in stroke models. These drugs can reduce
inflammation and brain damage. However, using them in stroke
has challenges. Timing is critical; blocking TNF-a too early
or too late may harm rather than help [20]. More safety data
is also needed in humans. Personalized medicine is essential
after a stroke. Since men may have stronger TNF-a responses,
they might benefit more from TNF-targeted treatments. Current
stroke trials rarely focus on gender-specific differences [21].
Hence, more clinical trials are needed, especially those that
include male-only or gender-stratified analyses, to better
understand treatment effects.

Current research on TNF-a in stroke has several limitations.
Many studies have small sample sizes and include mixed
populations, making it hard to understand sex-specific effects.
There is also a lack of male-only studies, resulting in limited
data on men [22]. Another issue is the variation in how TNF-a
is measured; different methods, sample types, and time points
reduce consistency across studies. Future research should use
standardized protocols for measuring TNF-a over time [23].
There is also a need for long-term studies to see how TNF-a
levels change after stroke and how they relate to recovery in
men. Combining proteomic (protein-level) and genetic data
could potentially help identify which patients are most affected
by TNF-o and who may benefit from targeted treatment [24].



More focused research will help improve stroke care for men
and guide personalized therapy based on TNF-a levels.

Elevations have shown an association with worse neurological
outcomes, which may contribute to neuronal death [25].
According to this study, higher TNF-a levels are significantly
associated with increased risk of post-stroke cognitive
impairment, suggesting its value as a prognostic biomarker [25].
Notably, serum TNF levels increase early and are prolonged after
stroke onset, regardless of lesion size, neurological impairment,
age, gender, vascular risk factors, or infectious complications
[26]. Based on the meta-analysis of individual participant data
from randomized controlled trials (including men and women
with acute ischemic stroke), women with ischemic stroke had
better survival outcomes but also with more disability and
poorer quality-of-life, with variations in hospital and out-of-
hospital control potentially contributing to these disparities [27].

Thus, TNF-a plays a critical role in both strokes, accordingly
associated with worse outcomes; moreover, it increases brain
damage, particularly in male patients [28]. The differences
in TNF-o dynamics necessitate further research focused on
gender-specific responses. Understanding the role of TNF-a can
lead to personalized treatment strategies that enhance recovery
and improve outcomes for stroke patients.
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