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Abstract. This preliminary research article is dedicated to the determination
of nitric oxide (NO) levels in the serum of patients with bronchial asthma (BA).
Nitric oxide plays an important role in the pathogenesis of bronchial asthma,
as it contributes to bronchoconstriction and stimulates the production of
inflammatory mediators, thereby exacerbating the disease. The study included
41 participants, comprising patients with BA of varying disease control categories
(controlled, partially controlled, and uncontrolled asthma) as well as individuals
without a diagnosis of BA (control group). The NO level was measured using
the “Nitric Oxide (total)” assay kit (ADI-917-020) from Enzo Life Sciences Inc.
(USA). The results demonstrated that serum NO levels in patients with BA were
significantly elevated, approximately 1.34 times compared to the control group
(p=0.001). Additionally, the concentration of nitric oxide was analyzed according
to sex and age. A statistically significant difference was found between women
older than 65 years and those younger (p=0.0347). When comparing serum, NO
concentrations between partially controlled and uncontrolled asthma groups
with the control group, NO levels were elevated by 1.31 times and 1.42 times,
respectively (p=0.0355 and p=0.0033). ROC analysis of nitric oxide levels for
the diagnosis of bronchial asthma revealed acceptable diagnostic accuracy
(AUC=0.6932; p=0.013). Thus, the determination of nitric oxide concentration
in the serum of patients with bronchial asthma may play an important role in
diagnosis and could serve as a potential biomarker of the disease.
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Introduction

Bronchial asthma (BA) is currently considered one of the most prevalent and clinically
significant chronic respiratory diseases. According to the World Health Organization, over 300
million people worldwide are affected by bronchial asthma, and its global prevalence continues
to rise steadily each year. These trends underscore the growing medical and social relevance of
this condition [1,2].
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BA is a disease characterized by chronic airway inflammation and is primarily driven by
immunological mechanisms. In its pathogenesis, inflammatory mediators - particularly
molecules such as nitric oxide (NO) - play a crucial role. Nitric oxide is a key biological molecule
that actively participates in airway inflammation, influencing numerous cellular processes
and contributing to various physiological and pathophysiological functions in the body. It is
endogenously synthesized by nitric oxide synthase (NOS) enzymes and plays an important role
in airway dilation, regulation of blood circulation, and intercellular signaling [3-4].

During the inflammatory process in bronchial asthma, the production of nitric oxide (NO)
is enhanced, leading to elevated levels in both the blood and airways. The use of biomarkers
allows for accurate assessment of disease progression, effective treatment planning, and timely
monitoring of the patient's condition - key priorities in clinical practice. Measuring nitric oxide
levels in blood serum provides deeper insight into the pathogenesis of bronchial asthma and
supports the development of personalized therapeutic strategies. Therefore, investigating the
molecular-genetic and immunological aspects of bronchial asthma remains highly relevant.

This study aimed to determine the concentration of nitric oxide (NO) in the blood serum of
patients diagnosed with bronchial asthma.

Materials and research methods

Collection of Research Materials

The study included 33 patients diagnosed with bronchial asthma (22 women and 11 men,
aged 36 to 90 years) and 8 healthy individuals who served as the control group (Table 1). All
participants had beenresiding in Kazakhstan for atleast the pastfive years. The patients received
treatment in the pulmonology department of City Hospital No. 2 in Astana. The diagnosis was
established in accordance with the Global Initiative for Asthma (GINA) guidelines. Additionally,
the "Nijmegen Questionnaire" and "Asthma Control Questionnaire" were administered.

The control group consisted of healthy volunteers with no history of neurological,
autoimmune, allergic, or chronic diseases; no diabetes; no signs of inflammation; and no recent
episodes of hyperthermia or heatstroke within the past 2-3 weeks.

Peripheral blood samples (9 mL) were collected in EDTA-K2 tubes with informed consent
from the participants and ethical approval. The samples were processed at the Molecular
Genetics Laboratory of the Institute of Cellular Biology and Biotechnology, L.N. Gumilyov
Eurasian National University.

The patients were categorized into three groups:

Controlled BA - no or rare symptoms;

Partially controlled BA - occasional symptoms;

Uncontrolled BA - persistent symptoms and poor treatment response.

Separation of blood components

Whole blood was stored at +4°C for 4 hours, after which the plasma was separated by
centrifugation at 3000g for 10 minutes. The leukocyte-free plasma was then stored at -80°C
until analysis.
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Table 1
Characteristics of the samples included in the study

Parameters Control group | Patients with diagnosed BA p-value
Number of participants 8 33 0,1374
Mean age 48 63 0,1600
Sex (female/male) 3/5 22/11 0,7927
Controlled BA - 7 0,2593
Partially controlled BA - 13
Uncontrolled BA - 13

Determination of nitric oxide (NO) concentration

Plasma samples were diluted with reaction buffer at ratios ranging from 1:2 to 1:20 and
filtered using a 10,000 MWCO ultrafiltration unit. The NO level was measured using the “Nitric
Oxide (total)” assay kit (ADI-917-020) from Enzo Life Sciences Inc. (USA).

Statistical analysis

Intergroup differences in NO concentration were analyzed using Student’s t-test and the
Mann-Whitney U testin GraphPad Prism 8.0 software. A p-value of less than 0.05 was considered
statistically significant.

Results

Determination of nitric oxide concentration in the blood serum of the bronchial asthma and
control groups

In this study, the concentration of nitric oxide (NO) in the blood serum of patients
diagnosed with bronchial asthma and healthy controls was determined using enzyme-linked
immunosorbent assay (ELISA). A total of 33 patients with bronchial asthma and 8 healthy
volunteers were included. Based on the clinical features of disease progression, the asthma
group was subdivided into controlled, partially controlled, and uncontrolled subgroups. This
classification was based on the frequency and severity of symptoms, pulmonary function
parameters, and responsiveness to treatment.

The analysis assessed statistical differences between the asthma and control groups and
identified changes in immune response levels. As shown in Figure 1, the NO concentration in
the blood serum, measured at a wavelength of 570 nm, was compared across the study groups.
The results revealed that the mean nitric oxide level in the control group was 50.95 pmol/L,
whereas in patients with bronchial asthma, it was 68.09 pmol/L, indicating a 1.34-fold increase
in the asthma group compared to healthy individuals.

JLH. 'ymunes amuindarsl Eypasus yammuik ynusepcumeminiyy XABAPIIBICBL. Buo102usifAblK FolablMOap cepusicel N23(152)/ 9
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2025
BECTHHK Espasuiickozo HayuoHa1bHo20 yHUsepcumema umenu J1.H. ['ymusesa. Cepust 6uosozudeckue HaQyKu



A. Sabirova, A. Aitkazina, A. Kussainova, O. Bulgakova, R. Bersimbaev, A. Aripova

Concentration of nitric oxide

150 -
% %k
o 100 —_—
9
S —_—
g
50
1
Bronchial asthma Control

Figure 1. Nitric oxide concentration in the study groups (** p=0.001)

Analysis of nitric oxide concentration in the blood serum of bronchial asthma patients according
to sex and age

In this study, we analyzed the concentration of nitric oxide (NO) in the blood serum of
patients with bronchial asthma based on sex and age. Among male patients, the average NO
concentration was 67 umol/L, while among female patients it was 68 pumol/L. No statistically
significant difference was observed between the sexes.

Further analysis was conducted to evaluate age-related differences. Among patients under
the age of 65, the NO concentration was 75 pumol/L in women and 72 pmol/L in men. In contrast,
in the group over 65 years of age, the NO levels were 58 pmol/L in women and 61 pmol/L in
men. A statistically significant difference was found in NO levels between the younger and older
age groups among female patients (p = 0.0347) (Figure 2).

Concentration of nitric oxide

a female aged above 65 years —
a male aged above 65 years - — *
a female aged below 65 years — — |ns
a male aged below 65 years —
......... T
0 50 100 150

pmole/L
Figure 2. Age-related changes in nitric oxide (NO) concentration in the study groups (*p = 0.0347)

Analysis of nitric oxide concentration in blood serum according to asthma control level

According to the recommendations of the World Health Organization (WHO) and the Global
Initiative for Asthma (GINA), bronchial asthma is classified into three categories based on
symptom control and disease severity: controlled asthma, partially controlled asthma, and
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uncontrolled asthma [5]. In this study, a total of 33 patients diagnosed by a pulmonologist at City
Hospital No. 2 in Astana were included: 7 with controlled asthma, 13 with partially controlled
asthma, and 13 with uncontrolled asthma.

When comparing the serum, NO levels between the asthma subgroups and the healthy
control group, the average NO concentration in the controlled asthma group was 63.38 pmol/L,
which was 1.24 times higher than in the control group (50.95 pmol/L). However, this difference
was not statistically significant (p = 0.2593).

In contrast, patients with partially controlled asthma had a mean NO level of 66.53 pmol/L,
significantly higher than the control group (p = 0.0355), representing a 1.31-fold increase
(Figure 3a). These findings indicate that nitric oxide levels are associated with asthma control
status and support the role of NO as a marker of airway inflammation [6].

Furthermore, the mean NO concentration in patients with uncontrolled asthma was 72.19
umol/L, which is approximately 1.42 times higher than in the control group (50.95 umol/L).
This difference was statistically significant (p = 0.0033), clearly demonstrating that NO levels
increase in patients with poorly controlled asthma (Figure 3b).

(a) (b)

Figure 3. (a) Comparative results of nitric oxide (NO) concentration in blood plasma between patients
with partially controlled bronchial asthma (BA) and the control group (measured at a wavelength
of 570 nm). (b) Comparative results of nitric oxide (NO) concentration in blood plasma between
patients with uncontrolled bronchial asthma (BA) and the control group (measured at a wavelength
of 570 nm).

ROC curve analysis of nitric oxide levels

A Receiver Operating Characteristic (ROC) curve analysis was performed based on nitric oxide
(NO) concentration to assess how effectively NO levels differentiate patients with bronchial
asthma from healthy individuals, and to evaluate its potential use as a diagnostic biomarker.
The area under the ROC curve (AUC) was found to be 0.6932 (p = 0.013), indicating a moderate
diagnostic value of nitric oxide concentration for identifying the disease.

The analysis showed a sensitivity of 69.4% (0.69375) and a specificity of 53.9% (0.5386).
The 95% confidence interval (CI) for the AUC ranged from 0.5456 to 0.8408 (Figure 4).
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These findings suggest that while nitric oxide concentration alone can serve as a supportive
diagnostic tool for bronchial asthma, its moderate sensitivity and specificity indicate that it may
be most effective when used in combination with additional biomarkers to improve diagnostic
accuracy.

ROC curve for nitric oxide concentration
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Figure 4. ROC analysis of nitric oxide levels for the diagnosis of bronchial asthma
(AUC=0.6932,p =0.013)

Discussion

Sincetheearly2000s,theroleofnitricoxide (NO)inthepathophysiology ofairwayinflammatory
diseases has been the focus of active research [6-9]. Barnes [10] was the first to suggest that
NO produced by nNOS (neuronal nitric oxide synthase) contributes to bronchodilation through
the activation of NANC (non-adrenergic non-cholinergic) nerves. In contrast, eNOS (endothelial
nitric oxide synthase) induces vasodilation and plasma extravasation, whereas excessive iNOS
(inducible nitric oxide synthase) activity enhances mucus secretion, promotes eosinophil
recruitment, and sustains Th2-mediated inflammation [11-15].

It has been established that NO concentrations are elevated in the exhaled air of patients
with asthma [16], as well as in experimental models of chronic inflammation [13, 17]. This
increase is mainly attributed to iNOS expression [10]. Treatment with inhaled corticosteroids
(ICS) reduces FeNO (fractional exhaled nitric oxide) levels [18], whereas [32-agonists have
little to no significant effect [19]. Administration of NOS inhibitors (L-NAME, aminoguanidine)
likewise decreases FeNO [20]. Clinical studies further confirm that FeNO reflects inflammatory
activity and assists in identifying the most severe asthma phenotypes, although several reports
have failed to demonstrate a direct correlation with airway eosinophilia [21].

Despite some controversy, most authors recognize FeNO as a valuable biomarker for
monitoring airway inflammation and assessing treatment efficacy [22,23]. In experimental

12 N23(152)/ JLH. 'ymunee amoindarel Eypasus yammeoik yHusepcumeminiy XABAPIIBICHI. Buo102usnblK Folablmoap cepusicyl
2025 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasuiickozo HayuoHa/1bHo20 yHugepcumema umeHu J1.H. ['ymuaesa. Cepust 6uosozuveckue HayKu



Study of nitric oxide levels in the serum of patients with bronchial asthma

settings, NO donors induced smooth muscle relaxation and reduced bronchospasm, whereas
NOS inhibition, by contrast, enhanced bronchoconstriction. The role of NO as a modulator of
distal airway tone remains an area of ongoing investigation [24, 25].

Considerable attention has also been directed to the involvement of NO in airway remodeling.
Evidence suggests that iNOS contributes to excessive deposition of collagen and elastin, whereas
NO derived from cNOS (constitutive nitric oxide synthase) may exert protective effects [13, 26].
Positive correlations have been reported between NO metabolites and markers of remodeling,
as well as with activation of arginase and matrix metalloproteinases [15, 27-29]. In addition,
iNOS-driven NO production can lead to the formation of peroxynitrite and isoprostanes (8-iso-
PGF2a), which further enhance bronchoconstriction and oxidative stress [30].

In parallel, extensive clinical data have accumulated supporting the diagnostic and prognostic
value of FeNO. Across all systematically analyzed studies, FeNO is regarded as a reliable
indicator of Th2-mediated inflammation with diagnostic, prognostic, and therapeutic relevance
[31-36]. For example, de Abreu et al. [33] demonstrated that FeNO levels >30 ppb are associated
with uncontrolled asthma and a decrease in response to ICS, making this parameter a convenient
tool for monitoring treatment efficacy. Maniscalco et al. [34] further elaborated on the mechanisms
of NO synthesis in asthma and emphasized the role of FeNO in disease phenotyping, particularly in
Th2-high forms, where targeted biologics directed against IL-4, IL-5, and IL-13 have proven effective.

A large-scale meta-analysis by Murugesan et al.,, comprising 43 studies and over 16,000
patients, confirmed the high diagnostic accuracy of FeNO (sensitivity 72%, specificity 75%,
AUC = 0.81) [35]. The greatest value was observed in children and in patients with eosinophilic
inflammation. Findings by Nguyen et al. [36] demonstrated that patients with elevated FeNO
levels had lower asthma control scores (ACT) and reduced FEV1. Also confirmed the clinical
applicability of FeNO, emphasizing its role in optimizing ICS prescription and supporting a
personalized approach to treatment [37].

In pediatric practice, FeNO is of particular importance, as nitric oxide levels are elevated in
children with asthma and correlate with sensitization to aeroallergens—an observation critical
for phenotyping and for the development of clinical guidelines [31, 33].

Despite the substantial body of evidence, certain limitations remain: FeNO levels may vary
depending on smoking status, allergic rhinitis, infections, and ICS therapy. Accordingly, most
experts recommend using FeNO as part of a multimodal assessment, alongside blood eosinophil
counts, serum IgE, ACT scores, and spirometry.

In summary, nitric oxide plays a dual role in the pathogenesis of asthma: it contributes to
bronchodilation and protects the extracellular matrix, yet excessive iNOS expression promotes
inflammation, remodeling, and oxidative stress. FeNO, as a surrogate marker of these processes,
has established itself as a valuable adjunct biomarker for the diagnosis, monitoring, and
personalization of asthma therapy.

Conclusion

In conclusion, the assessment of nitric oxide (NO) levels stands out as a reliable, accessible,
and informative biomarker that enables the objective evaluation of the clinical condition of
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patients with bronchial asthma, the precise determination of airway inflammatory activity, and
the assessment of disease control. The significant variation in NO levels depending on asthma
phenotypes and control status supports its broad applicability in clinical practice, particularly
for personalized therapy and disease monitoring.

Given that NO measurement is non-invasive, rapid, and easily repeatable, it can serve as a
valuable supplementary tool for the early diagnosis of asthma and for monitoring treatment
response. Moreover, the observed differences related to age and asthma control status further
emphasize the clinical importance of this biomarker.

Future studies that integrate nitric oxide levels with other biomarkers in a comprehensive
approach may provide deeper insights into asthma pathogenesis and contribute to the
development of more precise therapeutic strategies.
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Study of nitric oxide levels in the serum of patients with bronchial asthma

BpoHx femikneci 6ap HayKacTapAbIH KaH CapbICYbIHAH a30T OKCUAiHIH JeHreliH 3epTTey

A.B. Ca6bupogal, AT. AiitkasuHa?, A.A. Kycaunoga', 0.B. Bysirakosal, P1. Bepcim6aii’, A.A.Apunosa*!
JLH. T'ymunee amviHdarsl Eypazus yammolK yHugepcumemi, Acmaua, Kazakcman
2Ne2 Kanaaswik kencaaasl aypyxaua, Acmama, Kasakcmat

AnpgaTna. bys an/ibiH ana 3epTTey :KyMbIChl 6poHX AeMikneci (B/l) 6ap HayKacTap/blH CapbICybIHAAFbI
asor okcuzi (NO) meHreiiH aHbIKTayFa apHaJiFaH. A30T okcui b/l maToreHe3diHzie MaHBI3AbI POJI
aTKapa/bl, 6TKEeHI 0J1 OPOHXTAP/IbIH, TAPbLIYbIHA bIKHAJ €Til, KAObIHY MeJUaTOPJIapbIHbIH TY3i1yiH
BIHTAJIAaHABIPA/Ibl, OYJI 63 Ke3eTiH/ie aypyAbIH YAeyiHe aKeseli. 3epTTeyre 41 KaThICYIIbI eHJIi, 0JIapblH
KaTapblH/a aypy/bl 6aKbLIay AeHTeli opTypJii B/l HayKacTaps! (6aKblIaHATHIH, illliHapa 6aKbLIaHATHIH
’KoHe 6aKbLIaHOAUTBIH acTMa) »koHe B/l auarHosbl KodblIMaraH agaMmzaap (6akpliay ToGbI) 60JAbIL.
NO pgenreiti Enzo Life Sciences Inc. (AKI) mbirapran “Nitric Oxide (total)” (ADI-917-020) Tangay
>KUBIHTBIFbI apKblL/Ibl eJilieHi. 3epTTey HaTwxkeepi BJ] 6ap HaykacTap/a capbICyJarbl a30T OKCUJI
JeHreii 6aKpliay ToObIMEH caJbICThIpFaH/a wamMaMeH 1,34 ecere »ofaphbl ekeHiH kepceTTi (p=0,001).
CoHbIMEH KaTap, a30T OKCU/IiHiH KOHI|eHTPALUSIChI >KbIHbIChI MEH YKacblHA Kapal TalAaHAbl. 65 xKacTaH
aCKaH aHeJsifiep MeH ac adesJiep apachlH/la CTATUCTUKAJIBIK TYPFbIJJaH MaHbI3bl albIPMAIlbLIBIK,
a"bIKTaAabl (p=0,0347). lluiHapa 6aKblJIaHATBIH XK9He 6aKbl1aHOaWThIH B/| 6ap HayKacTapabl 6aKbLIay
TOOBIMeH casibicThipFaHga NO ageHredti tuicinme 1,31 »koHe 1,42 ece »kofapsl 6osabl (p=0,0355
*koHe p=0,0033). BpoHx JeMikIeciH AWarHocTuKajaay YIUiH a30T okcuAi AeHreriHid ROC Tangaybl
KaHaFaTTaHapJIbIK AUArHOCTUKAJBIK AaAiKTi kepceTti (AUC=0,6932; p=0,013). OcbLiaiiia, 6poHx
JleMiKIieci 6ap HayKacTap/iblH, CapbICybIH/IaFbl a30T OKCH/iHIH KOHLIEHTPALUAChIH aHbIKTAy JHUarHo3
KOI0Zla MaHbI3bI PeJl aTKapybl MYMKiH >KoHe aypy/blH bIKTHMaJl OGMOMapKepi peTiHJe KOoJJaHyFa
6oJ1ajbl.

TyiiH ce3gep: KabbiHy, 6pOHX JeMiKIeci, a30T OKCH/Ii, KaH capbICy GMOMapKepi, KaH CapbICybIHIaF bl
a30T OKCHUJiHiH AeHreHi

HccnegoBaHe YPOBHS OKCHAA a30Ta B CBIBOPOTKE KPOBH Y MALIMEHTOB C GPOHXHAJIbHOM
acTMou

A.B. Ca6upoga’, AT. AiitkazuHa? A.A. Kycannosa’, 0.B. Bysrakosa’,
P.U. Bepcum6aen?, A.A.Apunopa*!
1Eepazutickuli HQYUOHAIbHLIU yHUgepcumem umeHnu JLH. 'ymusesa, AcmaHa, Kazaxcmau
‘Iopodckas mHozonpogubHas 6oavHuya Ne2, Acmana, Kazaxcmau

AHHOTanuA. JTO NMpeJBapUTeNbHAs HUCCIeI0BAaTebCKas CTAThs MOCBSIEHA ONpe/ie/IEHUI0 YPOBHS
OKCH/Ia a30Ta B CBIBOPOTKE KPOBH y NALIMEHTOB ¢ GpoHxuanbHOU actMoi (BA). Okcuz a3oTa urpaet
BAXKHYIO0 POJib B MaTOTeHe3e OPOHXUAJBLHOU acTMbl, TaK Kak MPUBOAUT K COKpALeHHI0 GPOHXOB U
CTUMYJIMPYET BbIPAabOTKY BOCHAJUTENbHBIX MEAUATOPOB. B iccieoBanue 6611 BKIIOYEH 41 y9acTHUK,
CpeJii KOTOPBIX MalueHThl ¢ BA pa3/IMuHbIX KaTeropuu (KOHTPOoJIMpyeMasi, YAaCTUYHO KOHTPOJIMpyeMas
¥ HEKOHTpOJIMpyeMasl acTMa), a Takxe Jidna 6e3 jguarHosa BA (KoHTposibHas rpymnmna). YpoBeHb
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A. Sabirova, A. Aitkazina, A. Kussainova, O. Bulgakova, R. Bersimbaev, A. Aripova

OKCH/Ia a30Ta U3MePSIJIM C UCTI0Jb30BaHHEM Habopa AJs aHanu3a “Nitric Oxide (total)” (ADI-917-020)
koMmnaHuM Enzo Life Sciences Inc. (CILIA). Pe3ysbTaThl NOKa3ad, 4YTO y MALlMEHTOB C OPOHXUAJTbHOU
acTMoM YpOBeHb OKCH/Ia a30Ta B CIBOPOTKE KPOBU ObLI B 1,34 pa3a Bblllle, YeM B KOHTPOJILHOU I'pyIine
(p=0,001). lonosiHUTENBHO Gbl/Ia IPOBEJEHA OlleHKA KOHI[EHTPALUK OKCH/Ia a30Ta B 3aBUCUMOCTH OT
1oJia U Bo3pacTa. belna BeIABJIEHA CTaTUCTUYECKU 3HAYMMas pasHULA MeXAy KeHIUHAaMHU CTaplle
65 JIeT U KeHIMHaMM MJazaiiero Bo3pacra (p=0,0347). CpaBHeHHe KOHIIEHTpAIMK OKCHJA a30Ta y
NaLMeHTOB C YaCTUYHO KOHTPOJMPYEMON U HEKOHTPOJINPYeMo# BA ¢ KOHTpOJIbHOM IPyNIoM NOKa3asao
noBbllieHue ypoBHA B 1,31 pa3a u 1,42 pasa cootrBeTcTBeHHO (p=0,0355 u p=0,0033). ROC-ananus
YPOBHSI OKCHUJA a30Ta [JJisl JUAarHOCTMKHA GpPOHXUAJbHON acTMbl IPOJEMOHCTPUPOBAJ] YMEPEHHYIO
JAuarHoctuyeckyto TouyHocTb (AUC=0,6932; p=0,013). Takum ob6pa3oM, onpejesieHUEe YPOBHS OKCHUAA
a30Ta B CbIBOPOTKE KPOBU MOXKET UMEThb BaXKHO€e 3HAUeHHUeE [IJIs1 AUArHOCTUKU OPOHXHUAIbHOM acTMbI U
MCII0J1b30BAaThCs B KaUeCTBEe MOTEHLIMAJIbHOTO 6MOMapKepa 3ab0JieBaHUsl.

Kiio4yeBble cjioBa: BocnajeHUe, GpOHXHa/IbHAsl acTMa, OKCHUJ, a30Ta, CbIBOPOTOYHBIM GUOMapkep,
YPOBEHDb OKCH/Ia a30Ta B CHIBOPOTKE
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