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ABSTRACT 

Background: Inflammation and oxidative stress contribute substantially to secondary brain injury following acute 
ischemic stroke. Tumor necrosis factor-alpha (TNF-α) and nitric oxide (NO) are key mediators of these processes; 
however, their relationships with the extent of cerebral infarction remain incompletely understood. This study aimed to 
investigate the relationships between serum TNF-α and NO levels and infarct volume in patients with acute ischemic 
stroke. 

Methods: This cross-sectional study included 53 patients with acute ischemic stroke. Serum TNF-α and NO levels were 
measured using enzyme-linked immunosorbent assay (ELISA), and infarct volume was quantified from non-contrast 
brain computed tomography using the Broderick method. Data normality was assessed using the Kolmogorov–Smirnov 
test, and correlations between serum biomarker levels and infarct volume were analyzed using Spearman’s rank 
correlation test. A p value <0.05 was considered statistically significant. 

Results: The mean serum TNF-α level was 4.74 ± 3.33 pg/mL, the mean serum NO level was 271.29 ± 331.93 µmol/L, 
and the mean infarct volume was 53.95 ± 136.44 cm³. Serum TNF-α showed a very weak negative correlation with 
infarct volume (r = −0.064, p = 0.647), with no statistically significant relationship. Serum NO showed a weak positive 
correlation with infarct volume (r = 0.268, p = 0.052), although this relationship did not reach statistical significance. 

Conclusion: Serum TNF-α was not significantly correlated with infarct volume in acute ischemic stroke, while serum 
NO demonstrated a weak positive correlation that approached but did not reach statistical significance. These findings 
suggest that single measurements of TNF-α and NO may not adequately reflect the extent of cerebral infarction and 
support further longitudinal investigation using serial biomarker assessments. 
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INTRODUCTION 
Acute ischemic stroke remains a major cause of 
mortality and long-term disability worldwide and 
results from an abrupt reduction in cerebral blood flow 
that initiates a complex cascade of cellular and 
molecular events [1]. Beyond the primary ischemic 
insult, infarct progression is influenced by 
excitotoxicity, oxidative stress, neuroinflammation, 
endothelial dysfunction, and disruption of the blood–
brain barrier [2]. These processes contribute to the 
conversion of potentially salvageable ischemic tissue 
into irreversible infarction [3]. Infarct volume therefore 
represents an important structural indicator of the 
extent of cerebral tissue injury and may provide an 

objective measure for investigating biological 
responses occurring during acute ischemic stroke [4]. 

Neuroinflammation is a central component of 
secondary brain injury following cerebral ischemia [5]. 
Ischemic tissue injury activates microglia, astrocytes, 
endothelial cells, and infiltrating immune cells, 
resulting in the release of proinflammatory mediators, 
including tumor necrosis factor-alpha (TNF-α) [6]. 
TNF-α can modulate leukocyte recruitment, blood–
brain barrier permeability, neuronal survival, and 
inflammatory signaling through its receptors, TNFR1 
and TNFR2 [7]. Although increased circulating TNF-α 
levels have been reported during the acute phase of 
ischemic stroke, its relationship with the extent of 
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structural brain injury remains uncertain [8]. The 
biological effects of TNF-α are complex and may vary 
according to receptor signaling, temporal phase after 
ischemia, and the magnitude of the systemic and local 
inflammatory response [9]. 

Nitric oxide (NO) represents another important 
mediator in the pathophysiology of cerebral ischemia, 
with effects that depend on its cellular source and the 
phase of ischemic injury [10]. Endothelial nitric oxide 
synthase (eNOS)-derived NO contributes to 
vasodilation and maintenance of cerebral perfusion, 
whereas excessive NO production through neuronal 
and inducible nitric oxide synthase (nNOS and iNOS) 
may promote oxidative and nitrosative stress [11]. In 
particular, high NO production can interact with 
superoxide to generate peroxynitrite, contributing to 
mitochondrial dysfunction, lipid and protein oxidation, 
blood–brain barrier disruption, and neuronal injury 
[12]. TNF-α may further interact with this pathway 
through inflammatory signaling that promotes iNOS 
expression, suggesting that inflammation and NO-
related oxidative stress represent interconnected 
mechanisms that may influence infarct progression 
after acute cerebral ischemia [13]. 

Despite the established roles of TNF-α and NO in 
ischemic brain injury, clinical evidence regarding their 
relationship with infarct volume remains limited and 
inconsistent, particularly when both biomarkers are 
evaluated simultaneously [14,15]. Moreover, evidence 
from Southeast Asian populations remains scarce. 
Evaluating these circulating biomarkers alongside 
quantitative neuroimaging may provide further insight 
into the relationship between systemic inflammatory 
and oxidative responses and the extent of cerebral 
tissue injury [16,17]. Therefore, this study aimed to 
investigate the relationships of serum TNF-α and NO 
levels with infarct volume in patients with acute 
ischemic stroke. 

MATERIALS AND METHODS 

Study Design and Participants 
This analytical observational study employed a cross-
sectional design and included patients with acute 
ischemic stroke admitted to Dr. Wahidin Sudirohusodo 
General Hospital and affiliated hospitals in Makassar, 
Indonesia. Participants were recruited consecutively 
during the study period until the required sample size 
was achieved. A total of 53 patients who fulfilled the 
eligibility criteria were included in the final analysis. 

Eligible participants were patients diagnosed with 
acute ischemic stroke who met the predefined inclusion 
criteria. Patients with conditions that could 
substantially influence systemic inflammatory or 
oxidative responses were excluded according to the 
study protocol. All participants underwent clinical 
evaluation, serum biomarker measurement, and non-
contrast brain computed tomography (CT) for infarct 

volume assessment. Serum TNF-α and nitric oxide 
(NO) levels were subsequently analyzed in relation to 
infarct volume. 

Clinical and Laboratory Assessment 
Clinical and demographic data were collected at the 
time of hospital admission, including age, sex, and 
vascular risk factors such as hypertension, diabetes 
mellitus, heart disease, and smoking history. All 
participants underwent clinical evaluation and non-
contrast brain computed tomography (CT) to confirm 
acute ischemic stroke and assess the ischemic lesion. 
Venous blood samples were collected during the acute 
phase for measurement of serum tumor necrosis factor-
alpha (TNF-α) and nitric oxide (NO) levels. 

Serum TNF-α and NO concentrations were measured 
using enzyme-linked immunosorbent assay (ELISA). 
TNF-α levels were expressed in pg/mL, while NO was 
assessed through its stable metabolites, nitrite and 
nitrate, and expressed in µmol/L. Infarct volume was 
assessed using non-contrast brain CT images and 
calculated manually using the Broderick method. 
Measurements were performed by an experienced 
radiologist who was blinded to serum TNF-α and NO 
levels and the participants’ clinical data to minimize 
assessment bias. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS 
Statistics version 22.0 (IBM Corp., Armonk, NY, 
USA). Continuous variables were summarized as 
means and standard deviations, while categorical 
variables were presented as frequencies and 
percentages. Data normality was assessed using the 
Kolmogorov–Smirnov test. Spearman’s rank 
correlation test was used to evaluate the correlations 
between serum TNF-α and nitric oxide (NO) levels and 
infarct volume. A two-sided p value <0.05 was 
considered statistically significant. 

Ethical Considerations 
The study protocol was approved by the Health 
Research Ethics Committee, Faculty of Medicine, 
Universitas Hasanuddin (approval No. 
686/UN4.6.4.5.31/PP36/2026). All participants 
received information regarding the study objectives, 
procedures, and potential risks before enrollment. 
Written informed consent was obtained from all 
participants prior to their participation in the study. 

RESULTS 

Participant Demographics and Clinical Profile 
A total of 53 patients with acute ischemic stroke who 
fulfilled the eligibility criteria were included in the 
analysis. Baseline characteristics comprised sex, age, 
and major vascular risk factors, including hypertension, 
diabetes mellitus, heart disease, smoking, and other 
vascular risk factors. The demographic and clinical 
characteristics of the study participants are summarized 
in Table 1. 
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Table 1. Demographic and Clinical Characteristics of the Study Participants 
Characteristics Category n % 

Sex Male 30 56.6 
Female 23 43.4 

Age 25–44 years 3 5.7 
45–59 years 27 50.9 
>60 years 23 43.4 

Hypertension Yes 31 58.5 
No 22 41.5 

Diabetes mellitus Yes 9 17.0 
No 44 83.0 

Heart disease Yes 5 9.4 
No 48 90.6 

Smoking Yes 14 26.4 
No 39 73.6 

Other vascular risk factors Yes 7 13.2 
No 46 86.8 

Source: Primary data 

Male participants accounted for 56.6% of the study 
population, while 43.4% were female. Most 
participants were aged 45–59 years (50.9%), followed 
by those aged >60 years (43.4%). Hypertension was 
the most prevalent vascular risk factor, affecting 58.5% 
of participants, followed by smoking (26.4%), diabetes 
mellitus (17.0%), other vascular risk factors (13.2%), 
and heart disease (9.4%). 

Descriptive Profile of Serum Biomarkers and Infarct 
Volume 
Serum TNF-α and nitric oxide (NO) levels were 
measured in all participants, while infarct volume was 
quantified from non-contrast brain CT using the 
Broderick method. The descriptive values of the two 
serum biomarkers and infarct volume are presented in 
Table 2. 

Table 2. Serum TNF-α, Nitric Oxide, and Infarct Volume in Patients With Acute Ischemic Stroke 
Variable Mean SD 

TNF-α (pg/mL) 4.74 3.33 
Nitric oxide (NO) (µmol/L) 271.29 331.93 

Infarct volume (cm³) 53.95 136.44 
Source: Primary data 

The mean serum TNF-α level was 4.74 ± 3.33 pg/mL, 
whereas the mean serum NO level was 271.29 ± 
331.93 µmol/L. The mean infarct volume measured 
using the Broderick method was 53.95 ± 136.44 cm³. 
The relatively large standard deviations, particularly 
for serum NO and infarct volume, indicate substantial 
variability among participants. 

Distribution of Serum TNF-α and Nitric Oxide Levels 
Across Infarct Volumes 
To characterize the individual distribution of serum 
biomarkers across infarct volumes, TNF-α and nitric 

oxide (NO) levels were arranged in descending order 
and plotted alongside the corresponding infarct volume 
for each participant. Individual-level data are provided 
in Supplementary Tables S1 and S2. This descriptive 
visualization was performed to illustrate interindividual 
variability before evaluating the relationships between 
biomarker levels and infarct volume using correlation 
analysis. 
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Figure 1. Distribution of Serum TNF-α Levels and Corresponding Infarct Volumes in Acute Ischemic Stroke 

Serum TNF-α levels varied substantially across 
participants, with corresponding infarct volumes 
showing marked heterogeneity throughout the range of 
TNF-α concentrations. Larger infarct volumes were 

observed at several different TNF-α levels, and no 
consistent parallel pattern between decreasing TNF-α 
concentrations and infarct volume was visually 
apparent. 

 
Figure 2. Distribution of Serum Nitric Oxide Levels and Corresponding Infarct Volumes in Acute Ischemic Stroke 

Serum NO levels also demonstrated considerable 
interindividual variability. Corresponding infarct 
volumes varied across the full range of NO 
concentrations, with relatively large infarcts occurring 
at both higher and intermediate NO levels. Although 
some larger infarct volumes were observed among 
participants with higher NO concentrations, the 
descriptive distribution did not demonstrate a uniform 
pattern across all participants. 

Correlation Between Serum TNF-α and Infarct 
Volume 
The relationship between serum TNF-α levels and 
infarct volume was evaluated using Spearman’s rank 
correlation analysis. This analysis was performed to 
determine the direction and strength of the association 
between circulating TNF-α concentrations and the 
extent of cerebral infarction in patients with acute 
ischemic stroke. 

Table 3. Correlation Between Serum TNF-α Levels and Infarct Volume 
Variables n Spearman’s r p value 

Serum TNF-α vs. infarct volume 53 −0.064 0.647 
* Spearman’s rank correlation test; statistical significance was defined as p < 0.05. 
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Spearman’s correlation analysis demonstrated a very 
weak negative correlation between serum TNF-α levels 
and infarct volume (r = −0.064). This association was 
not statistically significant (p = 0.647), indicating that 
serum TNF-α levels were not significantly correlated 

with infarct volume in the study population. The 
relationship between individual serum TNF-α 
concentrations and infarct volumes is further illustrated 
in Figure 3 using a scatter plot. 

 
Figure 3. Correlation Between Serum TNF-α Levels and Infarct Volume in Acute Ischemic Stroke 

The scatter plot demonstrates a broad dispersion of 
infarct volumes across serum TNF-α concentrations, 
without a discernible monotonic pattern. Several 
participants with relatively large infarct volumes had 
low-to-intermediate TNF-α concentrations, whereas 
higher TNF-α levels were generally accompanied by 
comparatively smaller infarct volumes. This visual 
distribution is consistent with the negligible correlation 
coefficient observed in the Spearman analysis (r = 
−0.064; p = 0.647). 

Correlation Between Serum Nitric Oxide and Infarct 
Volume 
The relationship between serum nitric oxide (NO) 
levels and infarct volume was evaluated using 
Spearman’s rank correlation analysis. This analysis was 
performed to determine the direction and strength of 
the association between circulating NO concentrations 
and the extent of cerebral infarction in patients with 
acute ischemic stroke. 

Table 4. Correlation Between Serum Nitric Oxide Levels and Infarct Volume 
Variables n Spearman’s r p value 

Serum nitric oxide vs. infarct volume 53 0.268 0.052 
*Spearman’s rank correlation test; statistical significance was defined as p < 0.05. 

Spearman’s correlation analysis demonstrated a weak 
positive correlation between serum NO levels and 
infarct volume (r = 0.268). However, this association 
did not reach statistical significance (p = 0.052), 
indicating that serum NO levels were not significantly 
correlated with infarct volume in the study population. 

The direction of the correlation nevertheless suggested 
a tendency toward larger infarct volumes with 
increasing serum NO levels. The relationship between 
individual serum NO concentrations and infarct 
volumes is further illustrated in Figure 4 using a scatter 
plot. 

 
Figure 4. Correlation Between Serum Nitric Oxide Levels and Infarct Volume in Acute Ischemic Stroke 

The scatter plot demonstrates substantial dispersion of 
infarct volumes across the range of serum NO 
concentrations. A slight upward tendency is visually 

apparent, consistent with the weak positive Spearman 
correlation (r = 0.268); however, considerable 
interindividual variability remains and the association 
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did not reach the predefined threshold for statistical 
significance (p = 0.052). 

DISCUSSION 
This study evaluated serum TNF-α and nitric oxide 
(NO) levels in relation to infarct volume among 
patients with acute ischemic stroke [18,19]. The 
principal findings were that serum TNF-α showed a 
very weak negative correlation with infarct volume that 
was not statistically significant, whereas serum NO 
demonstrated a weak positive correlation that 
approached, but did not reach, statistical significance. 
These findings suggest that circulating inflammatory 
and nitrosative stress markers do not necessarily 
parallel the extent of structural cerebral injury in a 
simple linear manner [20,21]. They also emphasize the 
biological complexity of the ischemic cascade, in 
which inflammatory and oxidative responses evolve 
dynamically and may be influenced by multiple 
systemic and temporal factors [22]. 

The absence of a significant relationship between 
serum TNF-α and infarct volume may reflect the 
pleiotropic and temporally dependent actions of TNF-α 
after cerebral ischemia [23]. TNF-α acts through 
TNFR1 and TNFR2, which may mediate partly 
opposing biological effects [24]. TNFR1 is more 
closely associated with pro-inflammatory, cytotoxic, 
and apoptotic signaling, whereas TNFR2 may 
contribute to immune regulation, tissue repair, 
angiogenesis, and neuroplasticity [25]. Consequently, a 
single peripheral TNF-α measurement may represent 
the combined activity of several biological pathways 
rather than directly reflecting the amount of 
irreversibly injured brain tissue [26-27]. 

The lack of a clear TNF-α–infarct volume relationship 
is also consistent with the temporal heterogeneity of 
inflammatory signaling after stroke [28]. TNF-α-
related pathways change substantially during the first 
several days after ischemia, with TNFR1-associated 
inflammatory activity occurring early and TNFR2-
related reparative signaling becoming more prominent 
thereafter [29]. Because biomarker concentrations are 
therefore highly dependent on the interval between 
stroke onset and blood sampling, measurements 
obtained at different biological phases may weaken an 
otherwise time-dependent relationship with infarct size. 
In the present study, serum TNF-α therefore appears to 
reflect the complexity of the systemic inflammatory 
response more than the magnitude of structural brain 
injury alone [8,30]. 

In contrast, serum NO demonstrated a weak positive 
relationship with infarct volume, with a correlation 
coefficient of 0.268 and a p value of 0.052. Although 
this finding did not meet the predefined threshold for 
statistical significance, the direction of the relationship 
is biologically plausible. The effects of NO during 
ischemic stroke depend strongly on its enzymatic 
source [10,31]. NO generated by endothelial nitric 
oxide synthase (eNOS) may exert protective vascular 

effects by promoting vasodilation, maintaining cerebral 
perfusion, and reducing leukocyte and platelet 
adhesion [18,32]. Conversely, activation of neuronal 
nitric oxide synthase (nNOS) and particularly inducible 
nitric oxide synthase (iNOS) can produce greater 
amounts of NO that contribute to excitotoxicity and 
nitrosative stress [33]. 

Excessive NO production may become particularly 
detrimental when NO reacts with superoxide to form 
peroxynitrite [34]. This highly reactive species can 
induce lipid peroxidation, protein oxidation, DNA 
damage, mitochondrial dysfunction, blood–brain 
barrier disruption, and neuronal death [35]. Larger 
ischemic lesions may also provoke a more extensive 
inflammatory response and greater iNOS expression in 
microglia, astrocytes, macrophages, and vascular 
endothelial cells, potentially increasing circulating NO 
metabolites [32,36]. Such mechanisms provide a 
plausible explanation for the positive direction of the 
association observed in this study, despite its lack of 
statistical significance [37]. 

The simultaneous evaluation of TNF-α and NO is 
particularly relevant because inflammation and 
nitrosative stress are biologically interconnected rather 
than independent processes [38]. Ischemic tissue injury 
activates inflammatory cells and increases TNF-α 
release; subsequent NF-κB activation can upregulate 
iNOS expression and increase NO production [30,36]. 
In turn, reactive nitrogen species such as peroxynitrite 
may further activate inflammatory pathways and 
amplify secondary tissue injury [11]. This bidirectional 
interaction creates a positive feedback loop linking 
neuroinflammation, oxidative/nitrosative stress, blood–
brain barrier dysfunction, and progression of ischemic 
injury [39]. The differing correlations observed for 
TNF-α and NO may therefore indicate that circulating 
biomarkers capture distinct components and phases of 
this interconnected biological response [9,36,40]. 

From a clinical perspective, the present findings do not 
support the use of serum TNF-α or NO alone as 
independent surrogates for infarct volume in acute 
ischemic stroke. The absence of a significant TNF-α 
correlation and the borderline, weak association for NO 
indicate that a single peripheral biomarker is unlikely 
to adequately characterize the extent of cerebral tissue 
damage [41]. A multimarker approach combining 
inflammatory mediators, oxidative or nitrosative stress 
markers, and markers of neuronal or glial injury may 
provide a more comprehensive biological assessment 
than any individual marker alone [42]. 

Several limitations should be considered when 
interpreting these findings. First, the cross-sectional 
design allowed biomarker assessment at only one time 
point and therefore could not characterize the dynamic 
temporal profiles of TNF-α and NO after stroke. 
Second, the relatively modest sample size may have 
limited statistical power, particularly for the weak NO–
infarct volume relationship that approached statistical 
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significance. Third, variation in the interval between 
stroke onset and blood sampling may have resulted in 
biomarker measurements representing different 
biological phases among participants. Fourth, serum 
measurements may not fully reflect inflammatory and 
oxidative processes occurring locally within ischemic 
brain tissue. 

Despite these limitations, this study has several 
strengths. Both an inflammatory biomarker and a 
mediator of oxidative/nitrosative stress were evaluated 
simultaneously, allowing two interconnected 
components of ischemic pathophysiology to be 
examined within the same population [41]. Infarct 
volume was quantified using a CT-based Broderick 
method, providing an objective structural measure of 
cerebral injury. In addition, this study represents one of 
the early investigations in an Indonesian acute 
ischemic stroke population to assess TNF-α and NO 
simultaneously in relation to infarct volume [43]. 
Future studies should employ larger longitudinal 
cohorts, serial biomarker measurements at standardized 
intervals after stroke onset, and more specific 
evaluation of TNFR1/TNFR2 signaling and eNOS, 
nNOS, and iNOS activity to better define the temporal 
and mechanistic relationships between inflammation, 
nitrosative stress, and infarct progression. 

CONCLUSION 
Serum TNF-α levels were not significantly correlated 
with infarct volume in patients with acute ischemic 
stroke, whereas serum nitric oxide (NO) levels 
demonstrated a weak positive correlation that did not 
reach statistical significance. These findings indicate 
that neither biomarker, when measured individually at 
a single time point, adequately reflects the extent of 
cerebral infarction. The observed tendency for higher 
NO levels to accompany larger infarct volumes 
warrants further investigation in larger longitudinal 
studies using serial biomarker measurements and more 
detailed assessment of inflammatory and nitric oxide–
related pathways. 

ACKNOWLEDGEMENTS 
The authors would like to express their sincere 
gratitude to all patients who participated in this study. 
We also thank the clinical, laboratory, and radiology 
staff of Dr. Wahidin Sudirohusodo General Hospital 
and the affiliated hospitals in Makassar, Indonesia, for 
their valuable assistance in patient recruitment, sample 
collection, laboratory analysis, and neuroimaging 
assessment. 

FUNDING 
This research received no external funding 

CONFLICT OF INTEREST 
The authors declare that this research was conducted 
without any conflicts of interest affecting its 
objectivity. 

REFERENCES 
1. Feigin VL, Brainin M, Norrving B, Martins SO, 

Pandian J, Lindsay P, et al. World Stroke 

Organization: Global Stroke Fact Sheet 2025. 

International Journal of Stroke. 2025 

Feb;20(2):132–44. 

doi:10.1177/17474930241308142 

2. Rehman S, Nadeem A, Akram U, Sarwar A, 

Quraishi A, Siddiqui H, et al. Molecular 

Mechanisms of Ischemic Stroke: A Review 

Integrating Clinical Imaging and Therapeutic 

Perspectives. Biomedicines. 2024 Apr 

7;12(4):812. doi:10.3390/biomedicines12040812 

3. Majumder D. Ischemic Stroke: Pathophysiology 

and Evolving Treatment Approaches. J Exp 

Neurosci. 2024 Jan;19:26331055241292600. 

doi:10.1177/26331055241292600 

4. Chen CV, Chang C, Lin M, Huang G, Chan WP. 

Acute ischemic stroke induces magnetic 

resonance susceptibility signs dominated by 

endothelial nitric oxide synthase activation. 

Magnetic Resonance in Med. 2021 

Apr;85(4):2201–11. doi:10.1002/mrm.28567 

5. Tirandi A, Sgura C, Carbone F, Montecucco F, 

Liberale L. Inflammatory biomarkers of ischemic 

stroke. Intern Emerg Med. 2023 Apr;18(3):723–

32. doi:10.1007/s11739-023-03201-2 

6. Pan W, Kastin AJ. Tumor necrosis factor and 

stroke: Role of the blood–brain barrier. Progress 

in Neurobiology. 2007 Dec;83(6):363–74. 

doi:10.1016/j.pneurobio.2007.07.008 

7. Kołodziejska R, Pawluk H, Tafelska-Kaczmarek 

A, Pawluk M, Koper K, Godlewski A, et al. The 

Role of TNF-α in Ischemic Stroke. IJMS. 2026 

Jan 30;27(3):1424. doi:10.3390/ijms27031424 

8. Quarta S, Massaro M, Carluccio MA, Calabriso 

N, Bravo L, Sarria B, et al. An Exploratory 

Critical Review on TNF-α as a Potential 



Page: 8 9 3   

Serum Tnf-Α and Nitric Oxide Levels In Relation To Infarct Volume Following Acute Ischemic Stroke: A Cross-Sectional Study 

IJDDT, Volume 16 Issue 7, 2026 
 
 
 

Inflammatory Biomarker Responsive to Dietary 

Intervention with Bioactive Foods and Derived 

Products. Foods. 2022 Aug 21;11(16):2524. 

doi:10.3390/foods11162524 

9. Jang D in, Lee AH, Shin HY, Song HR, Park JH, 

Kang TB, et al. The Role of Tumor Necrosis 

Factor Alpha (TNF-α) in Autoimmune Disease 

and Current TNF-α Inhibitors in Therapeutics. 

IJMS. 2021 Mar 8;22(5):2719. 

doi:10.3390/ijms22052719 

10. Chen Z qing, Mou R tao, Feng D xia, Wang Z, 

Chen G. The role of nitric oxide in stroke. Med 

Gas Res. 2017;7(3):194. doi:10.4103/2045-

9912.215750 

11. Castillo J, Rama R, Dávalos A. Nitric Oxide–

Related Brain Damage in Acute Ischemic Stroke. 

Stroke. 2000 Apr;31(4):852–7. 

doi:10.1161/01.STR.31.4.852 

12. Bladowski M, Gawrys J, Gajecki D, Szahidewicz-

Krupska E, Sawicz-Bladowska A, Doroszko A. 

Role of the Platelets and Nitric Oxide 

Biotransformation in Ischemic Stroke: A 

Translative Review from Bench to Bedside. 

Oxidative Medicine and Cellular Longevity. 2020 

Aug 28;2020:1–18. doi:10.1155/2020/2979260 

13. Gogulescu A, Blidisel A, Soica C, Mioc A, Voicu 

A, Jojic A, et al. Neurological Side Effects of 

TNF-α Inhibitors Revisited: A Review of Case 

Reports. Medicina. 2024 Aug 28;60(9):1409. 

doi:10.3390/medicina60091409 

14. Andrabi SM, Sharma NS, Karan A, Shahriar 

SMS, Cordon B, Ma B, et al. Nitric Oxide: 

Physiological Functions, Delivery, and 

Biomedical Applications. Advanced Science. 

2023 Oct;10(30):2303259. 

doi:10.1002/advs.202303259 

15. Băcilă CI, Vlădoiu MG, Văleanu M, Moga DFC, 

Pumnea PM. The Role of IL-6 and TNF-Alpha 

Biomarkers in Predicting Disability Outcomes in 

Acute Ischemic Stroke Patients. Life. 2025 Jan 

2;15(1):47. doi:10.3390/life15010047 

16. Goyal M, Ospel JM, Menon B, Almekhlafi M, 

Jayaraman M, Fiehler J, et al. Challenging the 

Ischemic Core Concept in Acute Ischemic Stroke 

Imaging. Stroke. 2020 Oct;51(10):3147–55. 

doi:10.1161/STROKEAHA.120.030620 

17. Feigin VL, Stark BA, Johnson CO, Roth GA, 

Bisignano C, Abady GG, et al. Global, regional, 

and national burden of stroke and its risk factors, 

1990–2019: a systematic analysis for the Global 

Burden of Disease Study 2019. The Lancet 

Neurology. 2021 Oct;20(10):795–820. 

doi:10.1016/S1474-4422(21)00252-0 

18. Zhu J, Song W, Li L, Fan X. Endothelial nitric 

oxide synthase: a potential therapeutic target for 

cerebrovascular diseases. Mol Brain. 2016 

Dec;9(1):30. doi:10.1186/s13041-016-0211-9 

19. You K, Gu H, Yuan Z, Xu X. Tumor Necrosis 

Factor Alpha Signaling and Organogenesis. Front 

Cell Dev Biol. 2021 Jul 30;9:727075. 

doi:10.3389/fcell.2021.727075 

20. Xue Y, Zeng X, Tu WJ, Zhao J. Tumor Necrosis 

Factor-α: The Next Marker of Stroke. Hsu SP, 

editor. Disease Markers. 2022 Feb 27;2022:1–8. 

doi:10.1155/2022/2395269 

21. Wierońska JM, Cieślik P, Kalinowski L. Nitric 

Oxide-Dependent Pathways as Critical Factors in 

the Consequences and Recovery after Brain 

Ischemic Hypoxia. Biomolecules. 2021 Jul 

26;11(8):1097. doi:10.3390/biom11081097 

22. Venketasubramanian N. Ischemic Stroke: New 

Insights from Risk Factors, Mechanisms and 

Outcomes. JCDD. 2023 Nov 21;10(12):472. 

doi:10.3390/jcdd10120472 

23. Šedý J, Bekiaris V, Ware CF. Tumor Necrosis 

Factor Superfamily in Innate Immunity and 



Page: 8 9 4   

Serum Tnf-Α and Nitric Oxide Levels In Relation To Infarct Volume Following Acute Ischemic Stroke: A Cross-Sectional Study 

IJDDT, Volume 16 Issue 7, 2026 
 
 
 

Inflammation. Cold Spring Harb Perspect Biol. 

2015 Apr;7(4):a016279. 

doi:10.1101/cshperspect.a016279 

24. Horiuchi T, Mitoma H, Harashima S i., 

Tsukamoto H, Shimoda T. Transmembrane TNF-

 : structure, function and interaction with anti-

TNF agents. Rheumatology. 2010 Jul 

1;49(7):1215–28. 

doi:10.1093/rheumatology/keq031 

25. Gonzalez Caldito N. Role of tumor necrosis 

factor-alpha in the central nervous system: a focus 

on autoimmune disorders. Front Immunol. 2023 

Jul 7;14:1213448. 

doi:10.3389/fimmu.2023.1213448 

26. Velez L, Toffel S, Trejo-Lopez J, Kresak JL, Beal 

SG. Educational Case: Etiologies, Mechanisms, 

and Treatment of Stroke. Academic Pathology. 

2020 Jan;7:2374289520901817. 

doi:10.1177/2374289520901817 

27. Murphy SJx, Werring DJ. Stroke: causes and 

clinical features. Medicine. 2020 Sep;48(9):561–

6. doi:10.1016/j.mpmed.2020.06.002 

28. Avellone G. Immunoinflammatory activation 

during the acute phase of lacunar and non-lacunar 

ischemic stroke: association with time of onset 

and diabetic state. Int J Immunopathol Pharmacol. 

2006 Jul. doi:doi: 10.1177/039463200601900320. 

PMID: 17026849. 

29. Salaudeen MA, Bello N, Danraka RN, Ammani 

ML. Understanding the Pathophysiology of 

Ischemic Stroke: The Basis of Current Therapies 

and Opportunity for New Ones. Biomolecules. 

2024 Mar 4;14(3):305. 

doi:10.3390/biom14030305 

30. Izawa D, Matsumoto H, Nishiyama H, Toki N, 

Nakao N. Clinical Evaluations of the Ischemic 

Core in Acute Ischemic Stroke Using Modified 

Diffusion-Weighted Imaging-Alberta Stroke 

Program Early Computed Tomography Scores by 

Ischemic Reversibility Using the Signal Intensity. 

NOUSHINKEI KEKKANNAI TIRYOU. 

2021;15(9):574–82. doi:10.5797/jnet.oa.2020-

0100 

31. Amado B, Melo L, Pinto R, Lobo A, Barros P, 

Gomes JR. Ischemic Stroke, Lessons from the 

Past towards Effective Preclinical Models. 

Biomedicines. 2022 Oct 13;10(10):2561. 

doi:10.3390/biomedicines10102561 

32. Wang Y, Hong F, Yang S. Roles of Nitric Oxide 

in Brain Ischemia and Reperfusion. IJMS. 2022 

Apr 11;23(8):4243. doi:10.3390/ijms23084243 

33. Quiñones-Ossa GA, Lobo C, Garcia-Ballestas E, 

Florez WA, Moscote-Salazar LR, Agrawal A. 

Obesity and Stroke: Does the Paradox Apply for 

Stroke? Neurointervention. 2021 Mar 1;16(1):9–

19. doi:10.5469/neuroint.2020.00108 

34. Belenichev I, Popazova O, Bukhtiyarova N, 

Savchenko D, Oksenych V, Kamyshnyi O. 

Modulating Nitric Oxide: Implications for 

Cytotoxicity and Cytoprotection. Antioxidants. 

2024 Apr 23;13(5):504. 

doi:10.3390/antiox13050504 

35. Bryan NS. Nitric oxide deficiency is a primary 

driver of hypertension. Biochemical 

Pharmacology. 2022 Dec;206:115325. 

doi:10.1016/j.bcp.2022.115325 

36. Maccallini C, Amoroso R. Neuronal Nitric Oxide 

Synthase and Post-Translational Modifications in 

the Development of Central Nervous System 

Diseases: Implications and Regulation. 

Molecules. 2023 Sep 19;28(18):6691. 

doi:10.3390/molecules28186691 

37. Nag DS, Swain A, Sahu S, Sen B, Vatsala, 

Parween S. Stroke: Evolution of newer treatment 

modalities for acute ischemic stroke. World J Clin 



Page: 8 9 5   

Serum Tnf-Α and Nitric Oxide Levels In Relation To Infarct Volume Following Acute Ischemic Stroke: A Cross-Sectional Study 

IJDDT, Volume 16 Issue 7, 2026 
 
 
 

Cases. 2024 Oct 6;12(28):6137–47. 

doi:10.12998/wjcc.v12.i28.6137 

38. Jiang S, Dandu C, Geng X. Clinical application of 

nitric oxide in ischemia and reperfusion injury: A 

literature review. Brain Circ. 2020;6(4):248. 

doi:10.4103/bc.bc_69_20 

39. Ahmed Z, Chaudhary F, K. Agrawal D. 

Epidemiology, Pathophysiology, and Current 

Treatment Strategies in Stroke. Cardiol 

Cardiovasc Med 2024. 2024;8(4). 

doi:10.26502/fccm.92920399 

40. Ospel JM, Hill MD, Menon BK, Demchuk A, 

McTaggart R, Nogueira R, et al. Strength of 

Association between Infarct Volume and Clinical 

Outcome Depends on the Magnitude of Infarct 

Size: Results from the ESCAPE-NA1 Trial. 

AJNR Am J                 Neuroradiol. 2021 

Aug;42(8):1375–9. doi:10.3174/ajnr.A7183 

41. Prabhakaran S, Gonzalez NR, Zachrison KS, 

Adeoye O, Alexandrov AW, Ansari SA, et al. 

2026 Guideline for the Early Management of 

Patients With Acute Ischemic Stroke: A 

Guideline From the American Heart 

Association/American Stroke Association. Stroke. 

2026 Jan 26;STR.0000000000000513. 

doi:10.1161/STR.0000000000000513 

42. Alia C, Spalletti C, Lai S, Panarese A, Lamola G, 

Bertolucci F, et al. Neuroplastic Changes 

Following Brain Ischemia and their Contribution 

to Stroke Recovery: Novel Approaches in 

Neurorehabilitation. Front Cell Neurosci. 2017 

Mar 16;11. doi:10.3389/fncel.2017.00076 

43. Yedavalli V, Salim HA, Musmar B, Adeeb N, El 

Naamani K, Henninger N, et al. Predictive value 

of follow-up infarct volume on functional 

outcomes in middle cerebral artery M2 segment 

vessel occlusion stroke treated with mechanical 

thrombectomy. European Stroke Journal. 2025 

Jun;10(2):431–41. 

doi:10.1177/23969873241275531 

Supplementary Table S1. Individual Serum TNF-α Levels and Corresponding Infarct Volumes 

Participant rank Serum TNF-α (pg/mL) Infarct volume 
(cm³) 

1 16.17 16.90 
2 15.82 11.40 
3 11.32 0.29 
4 9.48 12.70 
5 8.41 126.08 
6 7.96 1.61 
7 7.79 5.30 
8 7.40 16.84 
9 7.34 2.73 
10 7.23 0.46 
11 7.06 0.71 
12 6.95 22.57 
13 6.27 61.06 
14 6.16 518.50 
15 6.16 7.84 
16 5.94 34.52 
17 5.83 5.70 
18 5.49 0.83 
19 5.44 5.46 
20 5.27 4.69 
21 5.21 16.77 
22 5.10 407.26 
23 4.99 6.90 
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24 4.49 12.04 
25 4.32 1.19 
26 4.16 9.40 
27 4.10 44.01 
28 3.93 7.74 
29 3.93 0.42 
30 3.77 7.80 
31 3.77 6.30 
32 3.71 89.54 
33 3.55 7.30 
34 3.32 2.08 
35 2.77 38.55 
36 2.55 749.54 
37 2.49 36.80 
38 2.49 9.50 
39 2.44 5.30 
40 2.22 14.80 
41 2.22 0.66 
42 2.00 13.20 
43 1.78 207.01 
44 1.78 20.68 
45 1.56 211.15 
46 1.56 32.09 
47 1.50 13.06 
48 1.45 7.98 
49 1.39 6.12 
50 1.23 0.82 
51 0.90 1.37 
52 0.84 8.82 
53 0.51 6.80 

Supplementary Table S2. Individual Serum Nitric Oxide Levels and Corresponding Infarct Volumes 

Participant rank Serum nitric oxide (µmol/L) Infarct volume 
(cm³) 

1 1456.65 36.80 
2 1430.29 8.82 
3 1224.21 34.52 
4 1086.34 4.69 
5 622.42 5.30 
6 522.59 9.40 
7 519.24 16.84 
8 518.13 13.20 
9 444.69 6.90 
10 411.74 749.54 
11 346.99 11.40 
12 331.02 20.68 
13 325.45 126.08 
14 319.91 0.71 
15 282.19 7.74 
16 272.61 207.01 
17 243.73 7.80 
18 235.46 38.55 
19 231.36 0.46 
20 226.48 13.06 
21 219.22 2.08 
22 206.51 7.84 
23 198.70 89.54 
24 153.20 0.66 
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25 148.93 44.01 
26 141.88 2.73 
27 129.46 518.50 
28 123.37 0.82 
29 116.03 9.50 
30 115.37 22.57 
31 114.05 211.15 
32 112.73 61.06 
33 112.08 14.80 
34 103.00 5.70 
35 102.36 6.12 
36 99.17 1.19 
37 98.54 407.26 
38 93.49 32.09 
39 89.75 6.30 
40 87.89 0.42 
41 79.95 7.98 
42 76.94 1.37 
43 73.96 12.70 
44 72.77 12.04 
45 66.89 16.90 
46 66.31 5.30 
47 57.14 6.80 
48 52.64 16.77 
49 48.22 0.83 
50 47.67 7.30 
51 46.03 5.46 
52 43.85 1.61 
53 28.57 0.29 

 

 


