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SUMMARY

Aim: Traumatic brain injury (TBI) triggers complex inflammatory
cascades, with interleukin-1 beta (IL-1B) identified as a key
mediator of secondary neuronal damage. Although the role of IL-1
in neuroinflammation is well recognized, its dynamic profile in the
peripheral circulation remains insufficiently characterized. This
study aimed to assess serum IL-1B levels at defined intervals
following experimental TBI in rats to elucidate its biomarker
potential and therapeutic relevance.

Material and Methods: A total of 40 adult male Sprague-Dawley rats
were randomly allocated into five groups (n=8/group): one sham
group and four trauma groups corresponding to 1, 6, 24, and 72
hours post-injury. Moderate TBI was induced using the Marmarou
weight-drop model (a 450-g weight dropped from a height of 2
meters). Serum IL-1B concentrations were measured by ELISA, and
statistical comparisons were made using one-way ANOVA with
Tukey’s post hoc test.

Results: In the sham group, serum IL-1p showed a biphasic trend:
an initial decrease at 6 hours, followed by partial recovery by 72
hours. In contrast, the trauma group exhibited a dynamic pattern:
IL-1B decreased at 6 hours (p=0.0356), peaked significantly at 24
hours (p=0.0004 vs. 6h), and declined again by 72 hours. Between-
group comparisons revealed significantly elevated IL-1B levels in
the trauma group at 24 hours (p=0.0157) compared to sham.

Conclusion: Our findings suggest that serum IL-18 exhibits a
temporally regulated expression pattern after TBI, with a peak at 24
hours representing a potential window for therapeutic targeting. IL-
1B may serve as a minimally invasive biomarker to monitor post-
traumatic inflammation, although correlation with functional
outcomes and central tissue levels warrants further investigation.

Keywords: Biomarker; IL-18; Neuroinflammation; Serum cytokines;
Traumatic brain injury

OzET

Amag: Travmatik beyin hasari (TBH), sekonder néronal hasarin
temel aracisi olarak tanimlanan interlokin-1 beta’nin (IL-1B) rol
aldigi  karmasik inflamatuvar  kaskadlari  tetikler. IL-1B'nin
néroenflamasyondaki rolt iyi bilinmesine ragmen, periferik
dolagimdaki dinamik profili yeterince karakterize edilmemistir. Bu
calismada, ratlarda deneysel TBI sonrasi belirli zaman araliklarinda
serum IL-1B duzeylerinin degerlendirilmesi ile bu biyobelirtecin
potansiyelinin ve terapotik Gneminin arastiriimasi amaglanmistir.

Gereg ve Yontemler: Toplam 40 eriskin erkek Sprague-Dawley sigan
rastgele bes gruba (n=8/grup) ayrildi: bir sham grubu ve travmadan
sonra 1, 6, 24 ve 72. saatlere karsilik gelen dort travma grubu. Orta
dereceli TBH, Marmarou agirlik disirme modeli kullanilarak
olusturuldu (2 metre yukseklikten birakilan 450 gramlik bir agirlik
ile). Serum IL-1B konsantrasyonlari ELISA yontemi ile 6l¢uldu ve
istatistiksel karsilastirmalar tek yonli ANOVA ve Tukey post-hoc
testiile yapildi.

Bulgular: Sham grubunda serum IL-1 iki fazli bir egilim gosterdi: 6.
saatte baslangicta dusis, 72. saatte ise kismi toparlanma. Travma
grubunda ise dinamik bir patern izlendi: IL-1B 6. saatte azald
(p=0.0356), 24. saatte anlamli dizeyde yukselis gosterdi (p=0.0004,
6. saat ile karsilastirildiginda) ve 72. saatte tekrar azaldi. Gruplar
arasi karsilastirmalarda ise, travma grubunda 24. saatte IL-1B
dizeylerinin sham grubuna gore anlaml sekilde yuksek oldugu
saptandi (p=0.0157).

Sonug: Bulgularimiz, TBH sonrasi serum IL-1f'nin zamana bagh
dizenlenmis bir ekspresyon paterni sergiledigini ve 24. saatteki
yUkselisin terapdtik hedefleme igin potansiyel bir pencere
olabilecegini gbstermektedir. IL-1B, post-travmatik inflamasyonun
izlenmesinde minimal invaziv bir biyobelirte¢ olarak kullanilabilir,
ancak fonksiyonel sonuglar ve santral doku duzeyleri ile
korelasyonunun da arastiriimasi gerekmektedir.

Anahtar Kelimeler: Biyobelirteg; IL-1B; Noroenflamasyon; Serum
sitokinleri; Travmatik beyin hasari
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INTRODUCTION

Traumatic brain injury (TBI) remains a major cause of
morbidity and mortality worldwide, especially among
individuals under the age of 45. It is characterized not only
by an immediate mechanical insult but also by a cascade of
secondary injury mechanisms, which significantly contribute
to neurological dysfunction and poor long-term outcomes
(1).

One of the most critical components of secondary injury is
neuroinflammation, driven largely by the rapid activation of
microglia and subsequent release of pro-inflammatory
cytokines. Among these, interleukin-1 beta (IL-1B) plays a
pivotal role. IL-1pB is rapidly upregulated following TBI and
contributes to blood—brain barrier disruption, leukocyte
infiltration, astrocyte activation, and neuronal damage (2—
4). The temporal pattern and magnitude of IL-1B release
have been associated with both the severity of injury and
subsequent cognitive deficits (5).

Experimental studies have shown that IL-1p is detectable in
brain parenchyma and serum within hours following TBI. For
instance, Fan et al. demonstrated IL-1 mRNA expression in
injured cortical and hippocampal tissues as early as 1 hour
post-injury, with peak levels observed within 6 to 24 hours
(6). Similarly, Raghupathi et al. reported early gene
expression of IL-1 and TNF-a in cortical regions within the
first hour, highlighting the rapid transcriptional response to
trauma (4).

IL-1B not only contributes to acute neuronal injury but also
interferes with long-term potentiation, a fundamental
mechanism of learning and memory. Decreased cognitive
performance following TBI has been linked to elevated
serum IL-1B levels, particularly in mild injuries where
structural changes may be subtle or absent (5).

Recent advances have identified the NLRP3 inflammasome
as a key upstream regulator of IL-1B maturation, and its
activation is now considered a hallmark of TBI-induced
sterile inflammation (7,8). Inhibiting the NLRP3/caspase-1
axis or targeting IL-1B directly has shown promise in reducing
neuroinflammation and improving neurological outcomes in
rodent models (9,10).

Despite substantial progress in understanding the
mechanisms of IL-1B activation and its deleterious effects,
the temporal profile of serum IL-1B following TBI—
particularly in standardized experimental models—remains
insufficiently characterized. Clarifying this time-dependent
expression pattern is crucial for evaluating its diagnostic
value, identifying therapeutic windows, and guiding the
timing of anti-inflammatory interventions.

In this study, we aimed to investigate the temporal changes
in serum IL-18 concentrations following experimental
moderate TBI in rats, using the Marmarou weight-drop
model. By profiling IL-1B at multiple post-injury time points,
we sought to characterize its dynamic expression and assess
its potential as a biomarker for early post-traumatic
inflammation.

MATERIAL AND METHODS

Animals: A total of 40 adult male Sprague-Dawley rats
(weight: 250-300 g) were used in this study. The animals
were housed in standard laboratory conditions (12 h
light/dark cycle, 22 + 2°C, 50% humidity) with free access to
food and water. All procedures were conducted in
accordance with the European Union Directive 2010/63/EU
for animal experiments and approved by the Animal Ethics
Committee of the Yeditepe University Faculty of Medicine,
Istanbul, Turkey.

Experimental Groups and Study Design: The animals were
randomly divided into five groups, each comprising eight
rats. The sham group received only anesthesia without
induction of trauma. The remaining four groups were
subjected to experimental traumatic brain injury and were
sacrificed at 1, 6, 24, and 72 hours post-injury, respectively,
to allow for temporal evaluation of serum IL-1( levels.

Traumatic Brain Injury Induction: TBI was induced using the
Marmarou weight-drop (impact acceleration) model, as
originally described by Marmarou et al. and subsequently
adapted in experimental rat studies (11-13). This method
allows the induction of graded severities of TBI by altering
the drop height (1.0-2.1 m) and the weight of the impactor
(13). All components of the chosen model, including the
impact weight, fall height, and the thickness of the foam bed,
were optimized to produce a moderate diffuse brain injury.
Under intraperitoneal anesthesia with ketamine (75 mg/kg)
and xylazine (10 mg/kg), a midline scalp incision was made,
and a stainless steel disc (10 mm diameter, 3 mm thickness)
was placed over the skull between the bregma and lambda.
In brief, a 450 g brass weight was dropped from a height of
2 meters through a vertical Plexiglas tube onto the disc
affixed to the skull, while the animal lay on a foam bed to
prevent skull fracture and rebound injury (13,14). Sham
animals underwent the same procedure without the weight
drop.

Blood Collection and Serum Preparation: At the end of the
experimental period, 40 surviving rats (distributed across all
designated time points) were sacrificed under deep
anesthesia. Blood samples were obtained via cardiac
puncture, collected in serum separator tubes, and
centrifuged at 3000 rpm for 10 minutes at 4°C. The resulting
sera were stored at —80°C until further analysis.

Measurement of Serum IL-1B: Serum IL-1B levels were
quantified using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit specific for rat IL-1B (Rat IL-
1 beta ELISA Kit, Invitrogen, Cat. No. BMS630, Bioassay
Technology Laboratory, Shanghai, China), following the
manufacturer’s instructions. All samples and standards were
run in duplicate. Optical density was measured at 450 nm
using a microplate reader, and cytokine concentrations were
calculated using a standard curve generated by curve-fitting
software.

Statistical Analysis: Data were analyzed using SPSS version
25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics
were presented as mean tstandard deviation (SD) or median
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and range for continuous variables. The normality of data
distribution was assessed using the Shapiro—Wilk test, and
homogeneity of variances was evaluated with Levene's test.
One-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test was used to compare serum IL-1f levels among
groups. A p-value < 0.05 was considered statistically
significant.

RESULTS

Serum IL-1p levels demonstrated distinct temporal patterns
in both sham and trauma groups over the 72-hour
observation period (Table 1). These findings are visualized in
Figure 1, which illustrates the dynamic temporal expression
of serum IL-1f across both experimental conditions.

In the sham group, IL-1 concentrations exhibited a biphasic
trend. At 1 hour post-anesthesia, the mean serum IL-1B level
was 64.43 + 13.28 pg/mL, which significantly decreased to
44.87 +15.35 pg/mL at 6 hours (p =0.0232). Levels remained
relatively stable at 24 hours (46.26 + 9.30 pg/mL) compared
to 6 hours, with a significant difference between 1 hour and
24 hours (p = 0.0211). By 72 hours, IL-1B levels increased
again to 56.60 + 12.24 pg/mL; however, the rises from 6 to
72 hours and from 24 to 72 hours did not reach statistical

Table 1: Serum IL-1B levels by time point

significance (p = 0.1795; p = 0.1636, respectively). These
variations, despite the absence of injury, may reflect
physiological fluctuations associated with handling,
anesthesia, or circadian cytokine regulation. In the trauma
group, IL-1pB levels showed a dynamic temporal profile. An
initial decrease was observed from 49.03 + 8.79 pg/mL at 1
hour to 38.75 + 7.71 pg/mL at 6 hours (p = 0.0356), followed
by a marked increase at 24 hours (65.45 + 13.22 pg/mL),
which was significantly higher than both the 1-hour (p =
0.0161) and 6-hour (p = 0.0004) levels. By 72 hours, IL-1B
levels decreased again to 53.68 + 7.40 pg/mL, significantly
lower than the 24-hour peak (p = 0.0024), but comparable
to 1-hour values (p = 0.3026). This pattern suggests a
transient proinflammatory surge peaking at 24 hours post-
injury.

Direct comparisons between the sham and trauma groups
revealed a significantly lower IL-1B level in the trauma group
at 1 hour post-injury (p = 0.0228), followed by convergence
at 6 hours (p = 0.3620). At 24 hours, trauma group levels
exceeded those of sham animals significantly (p = 0.0157),
while by 72 hours, the levels were again statistically
indistinguishable (p = 0.6185), indicating resolution of the
inflammatory response.

Time Point Sham Trauma
(Mean £ SD) (Min- Max) (Mean £ SD) (Min- Max) p-value
1h 64.43 +13.28 (43.95-86.52) 49.03 +8.79 (33.59-60.34) 0.0228*
6h 44.87 +15.35 (20.76-74.98) 38.75 + 7.71 (25.60-51.95) 0.3620
24h 46.26 +9.30 (35.58-61.81) 65.45 + 13.22 (49.43-83.12) 0.0157*
72h 56.60 + 12.24 (36.60-73.17) 53.68 + 7.40 (43.02-62.70) 0.6185
1hvs 6h: 0.0232* 1h vs 6h: 0.0356*
Pairwise 1hvs 24h: 0.0211* 1hvs 24h: 0.0161*
comparisons 1hvs 72h: 0.3166 1h vs 72h: 0.3026
(p-value)

6h vs 24h: 0.8587
6h vs 72h: 0.1795
24h vs 72h: 0.1636

6h vs 24h: 0.0004*
6h vs 72h: 0.0024*
24h vs 72h: 0.0591

*p-values indicate the statistical significance
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Figure 1: Temporal changes in serum IL-18 levels in sham and trauma group
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DISCUSSION

Traumatic brain injury is known to trigger a cascade of
inflammatory events that play a critical role in secondary
brain damage (1). IL-1pB, a pivotal proinflammatory cytokine,
is rapidly upregulated following injury and contributes to
blood-brain barrier disruption, neuronal loss, and glial
activation (3,4,15). This study aimed to elucidate the
temporal expression profile of IL-1p in serum following
experimental TBI in rats, offering insight into its potential as
both a biomarker and a therapeutic target. Our findings
demonstrated a dynamic pattern in the trauma group,
marked by an initial decline, a peak at 24 hours, and a
gradual decline by 72 hours. In contrast, sham animals
showed a biphasic fluctuation, highlighting the importance
of procedural controls.

The transient early elevation and observed biphasic IL-1
pattern in the sham group likely reflects the effects of
anesthesia and procedural stress rather than true injury-
related inflammatory responses. Previous studies have
shown that commonly used anesthetics such as isoflurane or
ketamine may modulate cytokine expression, including IL-
1B, by dampening systemic immune responses (7).
Moreover, nonspecific surgical handling and stress-induced
neuroendocrine alterations may also contribute to cytokine
fluctuations (16). In contrast, the trauma group exhibited an
initial suppression of peripheral IL-1p likely related to early
sequestration of cytokines at the site of injury and temporary
microvascular leakage within the damaged brain tissue. Such
findings emphasize the need to consider sham-related
inflammation when interpreting cytokine-based biomarkers.

Our findings in the trauma group align with prior research
demonstrating that IL-1B is rapidly induced in the central
nervous system and periphery following TBI, with early IL-1B
elevation within the first few hours and peak levels generally
occurring between 4 and 24 hours depending on the injury
model.

Notably, these studies have reported discrepancies in the
timing and magnitude of IL-1fB expression, which may result
from differences in injury model (focal vs diffuse), species,
severity, or tissue sampled (serum vs cortex vs cerebrospinal
fluid)

Kinoshita et al. observed peak IL-1B mRNA and protein
expression between 3 and 24 hours after fluid percussion
injury in rats, while Lu et al. reported a surge in IL-1B
concentrations at 6 hours using the weight-drop model
(3,17). These temporal dynamics support the role of IL-1B as
an early mediator of post-traumatic neuroinflammation. In
addition, our study adds to this literature by focusing on
serum levels at multiple defined time points, offering
translational  relevance  for  peripheral  biomarker
assessment.

Several mechanistic studies have confirmed that IL-1f plays
a central role in secondary injury cascades following TBI,
including disruption of the blood-brain barrier, microglial
activation, excitotoxicity, and apoptotic signaling (8,15).
Doganyigit et al. further highlighted IL-1f’s upstream
position in triggering inflammasome activation and
amplifying the release of other pro-inflammatory cytokines
such as TNF-a and IL-6 (15). Therapeutic inhibition of IL-18
hemorrhagic, or penetrating TBl—are also warranted to

via interleukin-1 receptor antagonist (IL-1Ra) or neutralizing
antibodies has been shown to attenuate inflammation and
reduce lesion volume in multiple preclinical TBI models
(3,10). Therefore, IL-1B remains a promising target for anti-
inflammatory treatment strategies.

Importantly, elevated IL-1f has been associated with
worsened histopathological and behavioral outcomes (18).
Multiple experimental studies have demonstrated that
neutralization of IL-1B using interleukin-1 receptor
antagonist (IL-1Ra) or monoclonal antibodies can
significantly mitigate neuronal damage, reduce glial
activation, and improve functional outcomes (19-21).
Hellewell et al. showed reduced lesion volume and improved
function with IL-1Ra treatment (20). Similarly, inhibition of
the AMPK-SIRT1-NF-kB pathway, which regulates IL-1fB,
resulted in neuroprotection following TBI in the study by
Zhang et al (22).

While many studies have focused on tissue levels of IL-1f3 in
the brain, our study highlights the diagnostic value of
peripheral (serum) IL-1B levels, which are more clinically
accessible. Prior research has demonstrated that systemic IL-
1B levels correlate with injury severity and prognosis in both
animal models and human subjects (7,23). However, serum
levels may also be influenced by extracranial factors,
including systemic infection, extracranial trauma, or
comorbid inflammation, which limit its specificity as a stand-
alone biomarker (24).

Our results also diverged from some prior studies that
reported a monotonic increase in IL-1B following TBI. For
instance, in the study by Rothwell et al., IL-1B levels
continued to rise for up to 72 hours in both serum and
cerebrospinal fluid (21). These discrepancies may be
attributed to variations in injury severity, anatomical
localization, and differences in species or sampling
protocols. Notably, the weight-drop model used in our study
is known for its diffuse injury pattern, which may elicit
different inflammatory kinetics compared to focal injury
models such as controlled cortical impact (25).

From a translational perspective, understanding the
temporal dynamics of IL-1B offers potential in refining
clinical monitoring protocols and developing time-targeted
anti-inflammatory therapies. Peak IL-1B expression at 24
hours post-injury may represent an optimal therapeutic
window for IL-1B antagonism. Furthermore, IL-1B has been
investigated in other neurological conditions including
ischemic stroke and spontaneous intracerebral hemorrhage,
where similar inflammatory cascades are activated (26,27).
The utility of IL-1B as a biomarker may therefore extend
beyond TBI and include a spectrum of acute brain injuries.

Future studies should expand on our findings by
incorporating behavioral assessments such as the Morris
water maze, rotarod, or open field tests to evaluate the
functional impact of cytokine fluctuations (28,29).
Correlation of IL-1p with histopathological outcomes—
including neuronal loss, gliosis, and axonal injury—would
also provide mechanistic insight. Moreover, longitudinal
studies extending beyond 72 hours would help determine
whether IL-1B levels resolve, persist, or oscillate in chronic
phases. Comparative studies using different models—blast,

evaluate the generalizability of our results (18,25,30).
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Nonetheless, several limitations must be acknowledged.
First, the study is restricted to a 72-hour window and lacks
histological or behavioral outcome assessments. Second,
serum measurements may not fully reflect localized
neuroinflammatory activity in brain parenchyma. Finally, the
unexpected IL-1B fluctuations observed in sham animals
indicate a need for improved procedural controls and
possibly non-invasive cytokine sampling methods in future
studies.

In conclusion, the present findings, together with previous
experimental evidence, support the view that IL-1f exhibits
an early localized and delayed systemic response after TBI,
reflecting the complex dynamics of neuroinflammation. The
observed elevation at 24 hours post-injury may represent a
critical window for therapeutic intervention. IL-1B continues
to hold promise as both a peripheral biomarker and a
molecular target in TBI management, though it
interpretation must be contextualized with experimental
design, injury model, and time of sampling.

CONCLUSION

Our results underscore IL-1B’s role as a sensitive and
temporally regulated biomarker in the acute phase of TBI.
The sharp elevation at 24 hours suggests a critical window
for therapeutic interventions targeting IL-1B-mediated
neuroinflammation. Furthermore, the return toward
baseline by 72 hours may reflect the resolution phase of the
systemic inflammatory response, though further studies are
needed to assess long-term trends.

Future research should aim to correlate serum IL-18 levels
with behavioral, cognitive, and histopathological outcomes
to establish its prognostic value. Additionally, extended
observation periods, comparative analyses with other TBI
models, and parallel measurements in central nervous
system tissue will be essential to fully elucidate the utility of
IL-1PB as a diagnostic and therapeutic target in neurotrauma.

Author contribution:

Working Concept/Design: OB, EU, HSC

Data Collection: OB, iA, EC

Data Analysis /Interpretation: OB, SS, SBK

Text Draft: OB, EU, IA, SS, HSC, SBK, EC

Critical Review of Content: OB, iA, SS, SBK, EC

Final approval and accountability: OB, EU, IA, SS, HSC,
SBK, EC

Conflict of Interest: The authors state that there is no
conflict of interest regarding this manuscript.

REFERENCES

1. Mortezaee K, Khanlarkhani N, Beyer C, Zendedel A. Inflamma-
some: Its role in traumatic brain and spinal cord injury. J Cell
Physiol. 2018 Jul;233(7):5160-9.

2. Dekosky ST, Styren SD, O’Malley ME, Goss JR, Kochanek P,
Marion D, et al. Interleukin-1 receptor antagonist suppresses
neurotrophin response in injured rat brain. Ann Neurol.
1996;39(1):123-7.

3. Lu K-T, Wu C-Y, Yen H-H, Peng J-HF, Wang C-L, Yang Y-L.
Bumetanide administration attenuated traumatic brain injury
through IL-1 overexpression. Neurol Res. 2007 Jun;29(4):404-
9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Raghupathi R, McIntosh TK, Smith DH. Cellular responses to
experimental brain injury. Brain Pathol. 1995 Oct;5(4):437—-
42.

Samatra DPGP, Pratiwi NMD, Widyadharma IPE. High IL-1B
serum as a predictor of decreased cognitive function in mild
traumatic brain injury patients. Open Access Maced J Med
Sci. 2018;6(9):1674-7.

Fan L, Young PR, Barone FC, Feuerstein GZ, Smith DH,
Mclntosh TK. Experimental brain injury induces expression of
interleukin-1 beta mRNA in the rat brain. Brain Res Mol Brain
Res. 1995 May;30(1):125-30.

Kuwar R, Rolfe A, Di L, Xu H, He L, Jiang V, et al. A novel small
molecular NLRP3 inflammasome inhibitor alleviates
neuroinflammatory response following traumatic brain
injury. J Neuroinflammation. 2019 Apr;16(1):81.

Seplovich G, Bouchi Y, de Rivero Vaccari JP, Pareja JCM,
Reisner A, Blackwell L, et al. Inflammasome links traumatic
brain injury, chronic traumatic encephalopathy, and
Alzheimer’s disease. Neural Regen Res. 2025 Jun;20(6):1644—
64.

Hao S, Yuan S, Liu Z, Hou B, Feng S, Zhang D. Neuroprotective
effects of takinib on an experimental traumatic brain injury
rat model via inhibition of transforming growth factor beta-
activated kinase 1. Heliyon [Internet]. 2024;10(8):e29484.
Available from:
https://doi.org/10.1016/j.heliyon.2024.e29484

Zhou Z, Li Y, Peng R, Shi M, Gao W, Lei P, et al. Progesterone
induces neuroprotection associated with immune-
/inflammatory modulation in experimental traumatic brain
injury. Neuroreport. 2024 Apr;35(6):352-60.

Marmarou A, Abd-Elfattah Foda MA, Van den Brink W,
Campbell J, Kita H, Demetriadou K. A new model of diffuse
brain injury in rats. Part I: Pathophysiology and biomechanics.
J Neurosurg. 1994;80(2):291-300.

Abd-Elfattah Foda MA, Marmarou A. A new model of diffuse
brain injury in rats. Part Il: Morphological characterization. J
Neurosurg. 1994,;80(2):301-13.

Marmarou CR, Prieto R, Taya K, Young HF, Marmarou A.
Marmarou weight drop injury model. Anim Model Acute
Neurol Inj. 2009;393-407.

Berikol GB, Berikol G, Ayrik C, Kose A, Babus SB, Gumus LT, et
al. Antioxidant and Neuroprotective Effects of L-arginine
Administration After Traumatic Brain Injury and Hemorrhagic
Shock in Rats. Turk Neurosurg. 2023;33(3):379-85.

Doganyigit Z, Erbakan K, Akyuz E, Polat AK, Arulsamy A, Shaikh
MF. The Role of Neuroinflammatory Mediators in the
Pathogenesis of Traumatic Brain Injury: A Narrative Review.
ACS Chem Neurosci. 2022;13(13):1835-48.

Webster KM, Sun M, Crack P, O’'Brien TJ, Shultz SR, Semple
BD. Inflammation in epileptogenesis after traumatic brain
injury. J Neuroinflammation. 2017 Jan;14(1):10.

Youn DH, Han SW, Kim JT, Choi H, Lee A, Kim N, et al.
Oxiracetam alleviates anti-inflammatory activity and
ameliorates cognitive impairment in the early phase of
traumatic brain injury. Acta Neurochir (Wien) [Internet].
2023;165(8):2201-10. Available from:
https://doi.org/10.1007/s00701-023-05674-8

Goss JR, Styren SD, Miller PD, Kochanek PM, Palmer AM,
Marion DW, et al. Hypothermia attenuates the normal
increase in interleukin 1 beta RNA and nerve growth factor
following traumatic brain injury in the rat. J Neurotrauma.
1995 Apr;12(2):159-67.

Hutchinson PJ, O’Connell MT, Rothwell NJ, Hopkins SJ, Nortje
J, Carpenter KLH, et al. Inflammation in human brain injury:
intracerebral concentrations of IL-1alpha, IL-1beta, and their
endogenous inhibitor IL-1ra. J Neurotrauma. 2007
Oct;24(10):1545-57.

Rothwell NJ, Strijbos PJ. Cytokines in neurodegeneration and
repair. Int J Dev Neurosci Off J Int Soc Dev Neurosci.
1995;13(3-4):179-85.

Rothwell N. Interleukin-1 and neuronal injury: mechanisms,
modification, and therapeutic potential. Brain Behav Immun.
2003 Jun;17(3):152-7.

Baskurt, O., Uysal, E., Avcl, I, Seker, S., Cine, H. S., Kartal, S. B., Coskun, E. Temporal Dynamics of Serum Interleukin-1 Beta
Following Experimental Traumatic Brain Injury in Rats Running title: Serum IL-1B in TBI. Maltepe Tip Dergisi 2025; 17(3): 66-71.
doi: https://doi.org/10.35514/mtd.2025.131

Maltepe Tip Derg. Cilt: 17 Sayi: 3/2025

https://doi.org/10.35514/mtd.2025.131



https://doi.org/10.35514/mtd.2025.131
https://doi.org/10.35514/mtd.2025.133

Maltepe Tip Dergisi / Maltepe Medical Journal
e-ISSN: 2602-2915

22.

23.

24.

25.

26.

27.

28.

29.

30.

Song H, Ding Z, Chen J, Chen T, Wang T, Huang J. The AMPK-
SIRT1-FoxO1-NF-kB signaling pathway participates in
hesperetin-mediated  neuroprotective  effects against
traumatic brain injury via the NLRP3 inflammasome.
Immunopharmacol Immunotoxicol. 2022 Dec;44(6):970-83.

Casault C, Al Sultan AS, Banoei M, Couillard P, Kramer A,
Winston BW. Cytokine Responses in Severe Traumatic Brain
Injury: Where There Is Smoke, Is There Fire? Neurocrit Care.
2019 Feb;30(1):22-32.

Zielinski MR, Gibbons AJ. Neuroinflammation, Sleep, and
Circadian Rhythms. Front Cell Infect Microbiol. 2022;12
(March):1-16.

Posti JP, Takala RSK, Raj R, Luoto TM, Azurmendi L, Lagerstedt
L, et al. Admission Levels of Interleukin 10 and Amyloid B 1-
40 Improve the Outcome Prediction Performance of the
Helsinki Computed Tomography Score in Traumatic Brain
Injury. Front Neurol. 2020;11:549527.

El-Menyar A, Asim M, Khan N, Rizoli S, Mahmood I, Al-Ani M,
et al. Systemic and cerebro-cardiac biomarkers following
traumatic brain injury: an interim analysis of randomized
controlled clinical trial of early administration of beta
blockers. Sci Rep [Internet]. 2024;14(1):1-17. Available from:
https://doi.org/10.1038/s41598-024-70470-y

[27] Gao Y, Zhang H, Wang J, Li F, Li X, Li T, et al. Annexin A5
ameliorates traumatic brain injury-induced
neuroinflammation and neuronal ferroptosis by modulating
the NF-kB/HMGB1 and Nrf2/HO-1 pathways. Int
Immunopharmacol. 2023 Jan;114:109619.

[28] Ozen |, Clausen F, Flygt J, Marklund N, Paul G.
Neutralization of Interleukin 1-beta is associated with
preservation of thalamic capillaries after experimental
traumatic brain injury. Front Neurol. 2024;15:1378203.

[29] Zhao G, Zhao J, Lang J, Sun G. Nrf2 functions as a
pyroptosis-related mediator in traumatic brain injury and is
correlated with cytokines and disease severity: a
bioinformatics analysis and retrospective clinical study. Front
Neurol. 2024;15:1341342.

[30] Chen S-F, Hsu C-W, Huang W-H, Wang J-Y. Post-injury
baicalein improves histological and functional outcomes and

reduces inflammatory cytokines after experimental traumatic
brain injury. Br J Pharmacol. 2008 Dec;155(8):1279-96.

Baskurt, O., Uysal, E., Avcl, I, Seker, S., Cine, H. S., Kartal, S. B., Coskun, E. Temporal Dynamics of Serum Interleukin-1 Beta
Following Experimental Traumatic Brain Injury in Rats Running title: Serum IL-1B in TBI. Maltepe Tip Dergisi 2025; 17(3): 66-71.

doi: https://doi.org/10.35514/mtd.2025.131

Maltepe Tip Derg. Cilt: 17 Sayi: 3/2025

https://doi.org/10.35514/mtd.2025.131



https://doi.org/10.35514/mtd.2025.131
https://doi.org/10.35514/mtd.2025.133

