Taraqqiyot spektri Vol 2 Ne 4 2026

UDC: 616.45-006-089.197.6-072.1

COMPLEMENT-MEDIATED AND CYTOKINE-DRIVEN INFLAMMATORY
MECHANISMS IN SUBCLINICAL MYOCARDIAL INJURY IN PATIENTS WITH
ARTERIAL HYPERTENSION

Sharipov J.R

Bukhara state medical institute, Uzbekistan, Bukhara, Gijduvan St

e-mail; info@bsmi.uz

Annotation: The article presents the results of a study of pro-inflammatory and
complement-dependent mechanisms in patients with arterial hypertension (AH) and in those
with combined pathology of AH and ischemic heart disease (IHD). A total of 78 patients
were examined and divided into two groups: patients with isolated AH (Group I) and
patients with AH complicated by IHD (Group Il1). The control group consisted of
conditionally healthy individuals. The study included the analysis of pro-inflammatory
cytokines (IL-6), C-reactive protein (CRP), and complement component C3a depending on
the degree of subclinical myocardial injury assessed by high-sensitivity cardiac troponin
(hs-cTn). It was found that an increase in hs-cTn levels is accompanied by a stepwise
activation of inflammatory processes: IL-6 increased up to 4.9-fold, CRP up to 6.5-fold, and
C3a up to 36.7-fold (p<0.001), reflecting pronounced activation of innate immunity and
complement-dependent mechanisms. The highest levels of IL-6 and CRP were observed in
patients with manifest IHD, whereas the peak activity of C3a was detected at the stage of

pronounced subclinical myocardial injury.
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AHHOTAIMSA: B CTaThe IIPEACTABIICHBI pe3yabTaThl UCCIIENOBAHUS
MPOBOCIIAJIMTENBHBIX W KOMIUIEMEHT-3aBUCHMBIX MEXAaHU3MOB Yy TAUHEHTOB C
aprepuaibHoOil runeprensueil (Al') u npu e€ coueTaHuu ¢ UILIEMUYECKON 0O0JIE3HBIO cep/la
(MUBC). Ob6cnemoBano 78 marMeHTOB, pacmpenel€HHBIX Ha JBE TPYMIBL: TMAlUCHTHI C
uzonupoBanHo Al (I rpynma) m mamuentsl ¢ Al, ocnoxuénnoir MBC (II rpymma).
KoHTponpHYyI0 Tpyniy COCTaBWIM YCIOBHO 370poBble nuna. [IpoBenéH aHamus ypoBHEHR
npoBocnanuTeNnbHbIX MUTOKHHOB (MJI-6), C-peaktuBHOoTO Oenka (CPB) m kommoneHTa
cucteMbl komriemeHTa C3a B 3aBUCMMOCTH OT CTENEHU CYOKIMHUYECKOTO MOBPEKICHUS
MHUOKAp/la, ONPEAEIIEMOr0 MO YPOBHIO BBICOKOUYBCTBUTEIBHOIO CEPACYHOTO TPOIIOHUHA
(hs-cTn). VYcranoBneHo, uyto moBbimieHue hs-cTn compoBokAaeTcss MOCIEI0BATEIBHOM
aKTUBaIlMeW BOCHAIUTENBHBIX MpoieccoB: ypoBeHb NJI-6 yBenmuuuBaics ao 4,9 pasa, CPb

— 1o 6,5 paza, a C3a — g0 36,7 paza (p<0,001), uto oTpakaeT BbIpaXXEHHYIO aKTHUBAILIUIO
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BPOXKAEHHOTO HMMMYHHUTETA WU KOMIUIEMEHT-3aBUCHMBIX MEXaHU3MOB. MakcumanabHbIE
snauenust MJI-6 u CPb 3apeructpupoBansl npu manudectnoit MBC, torma kak mnuk
aktuBHOCTH (C3a oTMeHalicsi Ha CTaJuu BBIPAKEHHOTO CYOKIMHHYECKOIO HOBPEXKICHUS

MHUOKap/ia.

KiroueBble cioBa: apTepuaibHas TUIEPTEH3Us, HUIIeMHUYecKas OO0JIe3Hb cep/la,
CyOKIINHMYECKOE  TOBPEKIEHUE  MHOKap/ia, BBICOKOYYBCTBUTEIBHBIM  TPOIIOHUH,

HNMMYHOBOCIIAJICHHUC, TUTOKWHBI, KOMIIJICMCHT.

APTEPUAJI TUIIEPTEH3USA BUJIAH OTPUT'AH BEMOPJIAPJAA CYBK/IMHUK
MHNOKAP/ HIUKACTJTAHUIIINIA KOMIVIEMEHT OPKAJIN
BOCUTAYNJIIAHI'AH BA HUTOKUHJIAPT' A BOTJVIUK AJIJINT JIAHULI
MEXAHU3MJUIAPA

Ilapunos 7K.P
Byxopo naBiaT THOOUET HHCTUTYTH. Y36eknucToH. byxopo ., FiknyBoH kydacu, 23.

e-mail; info@bsmi.uz

AnHoTanusi: Makonaga aprepuan runeprensust (Al') Ounan kacammanran Gemopap
xamaa Al Ba wumemuk ropak kacauurd (MIOK) Oupra keuumm xohaTiapuaa
NPOSIUTUFIAHUII Ba KOMIUIEMEHTra OOFJIMK MEXaHM3MIIAp TaAKWK KuiauHTraH. Kamm 78
Hadap OeMop TEKIMPUINO, WKKH Typyxra axpaTwiau: u3oisTcusuianran Al Ounan
o6emopinap (I rypyx) Ba AI' donuna MIOK puoximanran 6emopnap (II rypyx). Hazopat
TYPYXUHH MIAPTIA COFJIOM IIMaxciap TalmlKWi JTAW. TagKUKOT TOMpacHiia CyOKIHHHK

MHOKap/1 IMKACTIAHUIII Japakacu (FOKOpH CEe3Trup ropak TpornoHuHu — hS-cTn)ra OOFIuK
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xoyiga nposutuenanum uutokunnapu (MJI-6), C-peaktuB oxcun (CPB) Ba komrmuiemeHT
TU3UMUHUHT C3a KOMIOHEHTH Japa)kaiapy Tax) I KWIMHIA. AHUKTaHumu4a, hs-cTn
Japa)KaCUHUHT OIIUIIN SUUTUFJIAHUIT >KapaéHIapUHUHT OOCKMYMa-00CKWY  (paosuiairyBu
ownan ky3atunaau: NJI-6 4,9 6apaBapraua, CPb 6,5 6apaBapraua Ba C3a 36,7 GapaBapraua
omu (p<0,001), 6y 3ca TyFMa UMMYHHTET Ba KOMIUIEMEHTra OOFIMK MEXaHW3MJIAPHUHT
ceswinapiau ¢aoutamranuan kypcaragu. MJI-6 Ba CPBHuUHr »HT 1oKOpW KuiiMaTiapu
manupect MHOKna kaiin stunran 6ynca, C3a (GaouIMTMHUHT 3HT FOKOPH KYpCATKUWIapU

CY6KJII/IHI/IK MHUOKapAa NMIMKACTIIAHUITUHUHI IKKOJI 6OCKI/I‘{I/I,Z[21 AHUKJIaHIH.

Kaaut cy3aap: aprepuan TrunepTeH3us, UIIEMUK IOpaK KacaJIUTH, CYOKIMHUK
MHOKapJ WIHMKACTIAHUILIH, IOKOPU CE3THp TPONOHWH, UMMYHOSJUIMFJIAHUIL, [TUTOKUHIAD,

KOMIIJICMCHT.

Relevance: Coronary heart disease (CHD) remains the leading cause of death
worldwide, with hypertension considered a key risk factor. In recent years, increasing
attention has been paid to the role of immune-inflammatory mechanisms in the
pathogenesis of cardiovascular diseases.

Modern understanding of the development of coronary heart disease extends beyond
hemodynamic disturbances to include complex interactions between innate and adaptive
immunity, endothelial dysfunction, chronic inflammation, and myocardial remodeling
processes. Biomarkers reflecting these processes, such as VEGF-A, TGFp, interferons,
proinflammatory cytokines, and complement components, are becoming increasingly
important.

Of particular interest is the study of their relationship with subclinical myocardial
damage, assessed by the level of high-sensitivity cardiac troponin (hs-cTn), as an early
stage in the development of coronary heart disease.

Despite the accumulated data, the role of immune-inflammatory factors as predictors

of the transition from subclinical myocardial damage to clinically manifest coronary heart
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disease in patients with arterial hypertension remains insufficiently studied.

Purpose of the study. To assess the role of proinflammatory markers (IL-6, C-
reactive protein) and the complement system component C3a in the progression of
subclinical myocardial damage and the formation of coronary heart disease in patients with
arterial hypertension.

Materials and methods of research. To conduct the study, a comprehensive clinical
and laboratory examination was conducted on 78 patients undergoing inpatient and
outpatient treatment at the Bukhara Regional Cardiology Dispensary. All study participants
were carefully selected based on inclusion and exclusion criteria to ensure maximum data
reliability and exclude the influence of comorbidities. Patients were divided into two main
clinical groups based on their diagnosis:

Group | included 37 patients suffering from hypertension.

Group Il consisted of 41 patients with a diagnosis of coronary heart disease that
developed against the background of hypertension.

The control group consisted of 20 conditionally healthy individuals.

Research results: Complement component C3a was included in the analysis to assess
innate immune activation associated with vascular wall inflammation and atherosclerotic
plaque destabilization. Several studies have shown that complement activation, including
C3a, contributes to an enhanced inflammatory response in vascular tissues, making it a
significant marker in the pathogenesis of coronary heart disease, particularly in the setting
of chronic inflammation and endothelial damage.

In the cohort of group | (patients with hypertension without clinical and instrumental
signs of coronary heart disease), with a level of high-sensitivity cardiac troponin (hs-cTn) <
2.0 ng/l (n=18), the concentration of IL-6 was 2.5+0.8 pg/ml, CRP - 1.2+0.4 mg/l, C3a -
4.82+1.27 pg/ml, taken as reference values reflecting the basal activity of systemic
inflammation and complement under conditions of stable hypertension without subclinical

myocardial stress.
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Table 1.

Comparative analysis of the levels of proinflammatory markers in the studied patients

Indicator Group | (n=25) Group 1l
hs-cTn<2.0 hs-cTn 2.1-4.0 | hs-cTn 4.1-4.9 (n=13)
ng/L (n=18) ng/l (n=3) ng/l (n=4)

IL-6 2.5+0.8 4241, 1% 6.8+1. 5% 12.343 2%
SRB 1.2+0.4 2.840.7 4.541.0%%* 7.8£2. 1 k%
C3a 4.82+1.27 49.8+£3.98*xx | 177.00£8.93x%% | 119.864+26.8%*:*

Note: confidence level*- r<0.05;**- r<0.01;*#**- r<0.001;

In the subgroup with hs-cTn 2.1-4.0 ng/l (n=3), an increase in IL-6 to 4.2+1.1 pg/ml
(1.7-fold increase relative to the reference level, p<0.01), CRP to 2.84+0.7 mg/l (2.3-fold,
p<0.01), C3a to 49.8+3.98 pg/ml (10.3-fold, p<0.001) was recorded, which indicates the
initiation of proinflammatory cascades and complement activation in moderate subclinical
myocardial damage. With hs-cTn 4.1-4.9 ng/l (n=4), IL-6 values reached 6.8+1.5 pg/ml
(2.7-fold increase, p<0.001), CRP — 4.5£1.0 mg/l (3.8-fold increase, p<0.001), C3a —
177.00+£8.93 pg/ml (36.7-fold increase, p<0.001), demonstrating a significant increase in
the inflammatory response and complement-dependent mechanisms in severe subclinical
myocardial dysfunction. In the cohort of group Il (n=13), the concentration of IL-6 was
12.3+£3.2 pg/ml (4.9-fold increase, p<0.001), CRP was 7.8£2.1 mg/l (6.5-fold increase,
p<0.001), C3a was 119.86+26.8 pg/ml (24.9-fold increase, p<0.001), which indicates the
maximum expression of these markers in manifest coronary artery disease.

An assessment of intragroup dynamics in Group 1 revealed a significant correlation
between IL-6, CRP, and C3a concentrations and the progression of subclinical myocardial
injury as determined by hs-cTn. At hs-cTn levels of 2.1-4.0 ng/L, IL-6 concentrations
increased 1.7-fold (p<0.01) with a variation coefficient of 1.1 pg/mL, reflecting individual
heterogeneity in the activation of proinflammatory pathways at the initial stages of

myocardial stress, likely associated with increased IL-6 secretion by the monocyte-
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macrophage pool in response to endothelial dysfunction. With hs-cTn 4.1-4.9 ng/L, the IL-
6 level increased 2.7 times (p<0.001) with a variability of 1.5 pg/ml, indicating a more
pronounced and stable activation of the cytokine response, including the possible
participation of Th17 cells in the pathogenetic processes of atherogenesis.

The concentration of CRP with hs-cTn 2.1-4.0 ng/L increased by 2.3 times (p<0.01)
with a variability of 0.7 mg/L, and with hs-cTn 4.1-4.9 ng/L — by 3.8 times (p<0.001) with
a variability of 1.0 mg/L, which emphasizes the increasing induction of acute phase proteins
by hepatocytes under the influence of IL-6 as a key mediator of systemic inflammation.

The C3a level at hs-cTn 2.1-4.0 ng/L increased 10.3-fold (p<0.001) with a variability
of 3.98 pg/mL and peaked at 36.7-fold at hs-cTn 4.1-4.9 ng/L (p<0.001) with a variability
of 8.93 pg/mL, demonstrating a significant increase in complement-mediated inflammation,
likely via the alternative or classical pathway of activation associated with subclinical
ischemia.

In the cohort of group Il, a further escalation of markers was recorded, reaching
maximum values in the chronic course of coronary artery disease. The concentration of 1L-6
increased by 4.9 times relative to the reference level (p < 0.001) with a variation coefficient
of 3.2 pg/ml, which may be due to the heterogeneity of the inflammatory phenotype and
increased IL-6 production under conditions of chronic ischemia, including the contribution
of Th17- and Thl-dependent pathways. The CRP level was 7.8 £ 2.1 mg/l, exceeding the
baseline value by 6.5 times (p < 0.001) with a variability of 2.1 mg/l, reflecting a
pronounced acute phase response correlating with the progression of the atherosclerotic
process and plaque destabilization. The concentration of C3a reached 119.86+26.8 pg/ml,
increasing 24.9 times relative to the baseline level (p<0.001), but was 1.5 times lower than
the peak value with hs-cTn 4.1-4.9 ng/l (p<0.01), with high variability of 26.8 pg/ml, which
may indicate a partial decrease in complement-mediated activity during the transition to the
chronic phase of coronary heart disease.

Comparative analysis within group | showed that the escalation of hs-cTn from 2.1

4.0 ng/L to 4.1-4.9 ng/L was accompanied by an increase in IL-6 by 1.6 times (p<0.05),
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CRP by 1.6 times (p<0.05), and C3a by 3.6 times (p<0.001), emphasizing the enhancement
of inflammatory and complement-dependent mechanisms in the late stages of subclinical
damage. With the transition from hs-cTn 4.1-4.9 ng/L to group Il, IL-6 increased by 1.8
times (p<0.05), CRP by 1.7 times (p<0.05), while C3a decreased by 1.5 times (p<0.01),
which may indicate a change in acute subclinical activation to chronic inflammation in
manifest coronary artery disease. The most significant increase in C3a was recorded at hs-
cTn 4.1-4.9 ng/l (36.7 times, p<0.001), while IL-6 and CRP reached a peak in group 11 (4.9
times and 6.5 times, respectively, p<0.001), emphasizing their differentiated dynamics
depending on the stage of pathogenesis.

Thus, the established data indicate the decisive importance of IL-6, CRP and C3a in
the immune regulation of the pathogenesis of coronary heart disease in patients with
hypertension, reflecting the consistent increase in the innate inflammatory response, acute
phase reaction and complement-mediated activation at the stages from subclinical

myocardial damage to its manifest form.
Conclusions:

1. It has been established that the progression of subclinical myocardial damage in
patients with arterial hypertension is accompanied by a significant increase in the levels of
IL-6, C-reactive protein and complement component C3a, reflecting the activation of
systemic inflammation and the innate immune response.

2. Maximum activation of complement-dependent mechanisms (C3a) is observed at
the stage of severe subclinical myocardial damage, while the peak of pro-inflammatory
markers (IL-6, CRP) is recorded in manifest coronary heart disease, which indicates the
staging of immune-inflammatory processes.

3. Proinflammatory cytokines and components of the complement system can be
considered as informative biomarkers of the progression of cardiovascular pathology and
used for early stratification of the risk of developing coronary heart disease in patients with

arterial hypertension.
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