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Abstract. Effect of celecoxib and paracetamol on the functional state of the central nervous system, pain sensitivity,
and physical endurance of rats with acute heat injury. Chuikova P.O., Shtrygol’ S.Yu. Acute heat injury (AHI) is a
serious condition caused by an excessive increase in body temperature, usually due to prolonged exposure to high
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environmental temperatures or intense physical activity in the heat. Without timely treatment, heat stroke can lead to
severe damage to the central nervous system with cerebral edema, profound disturbances in the water-salt balance and
internal organs, coma and death. Since the effectiveness of drugs for the treatment of thermal injuries has not been
proven, the search for new thermoprotective agents with different mechanisms of action, in particular inhibitors of the
arachidonic acid cascade, is urgent. In a preliminary screening study on the AHI model in rats, it was found that among
cyclooxygenase (COX) inhibitors, the highly selective COX-2 inhibitor celecoxib and the analgesic-antipyretic para-
cetamol are the most effective in preventing hyperthermia and improving the course of the recovery period. The purpose
of this study was to determine the impact of the specified screening leaders on the functional state of the central nervous
system, pain sensitivity and physical endurance in the recovery period of heat injury. The AHI model was reproduced on
adult white male rats according to the previously proposed and validated method by means of a 30-minute exposure at
+55°C. Animals were divided into 4 groups with 8 rats in each group: intact control, control pathology, paracetamol
group and celecoxib group. Based on the results of the study, it was established that celecoxib exhibits a pronounced
thermoprotective effect, probably improves the state of the central nervous system in terms of behavioral reactions and
physical endurance of animals in the recovery period after acute heat injury. At the same time, paracetamol after acute
heat injury does not have a distinct positive effect on the functional state of the central nervous system, moderately
improves the physical endurance of rats and is inferior to celecoxib in all the studied parameters. These results open new
opportunities for the development of approaches to the treatment of AHI and confirm the different effectiveness of the use
of celecoxib and paracetamol in thermal injuries.

Pedepar. Buine mesiekokcu0y Ta mapaneramMoiy Ha (pYHKIiOHATbHHI CTaH LEHTPAJLHOI HEPBOBOI CHCTEMH,
001bOBY 4YYTJMBiICTH Ta ¢i3MyHy BHUTpPUBAJicTh HIYpPiB 3a roctpoi TemiaoBoi TpaBmu. Yyiikosa I1.O.,
Mrpuroas C.O. I'ocmpa mennosa mpasma (I'TT) — cepiiosne nopyuients 300po8’s, GUKIUKAHE HAOMIDHUM Nio-
BULYEHHAM MeMNepamypu mind, 3a36udail y pe3yivbmami mpuganoco nepeOyeaHHs 8 yMo8ax 6UCOKOI memnepamypu
006K aD0 BHACTIOOK IHMeHCUsHOT Pizuunoi akmuenocmi 6 cnexy. bes ceocuacnozo nikysanns mennoguii yoap modice
npuzeecmu 00 MSANCKUX YPAdiceHb yeHmpanivhoi nepsosoi cucmemu (LIHC) 3 nHabpskom 20108H020 MO3KY, 2AUOOKUX
nopyuieHb 3 00Ky GHYMPIWHIX OpeaHi@ Ma B0OHO-COIbOB020 banaucy, komu ma cmepmi. Ilozaax epexmusnicmo
JIKapCoKux npenapamie 015 JIKY8AHHSA MENI0UX YPAdiCeHb He 008e0eHd, AKMYAlbHUM € NOWYK HOBUX MepMO-
NPOMEKMOpHUX 3aco0i6 3 pISHUMU Mexanizmamu Oii, 30Kpema IH2IOimopie Kackady apaxioonosoi kuciomu. Y
NONepeoHbOMY CKPUHIHE080MY 00chioxcenui Ha moodeni I'TT y wypie 6usaeieHo, wo 3-nOMiXiC iH2IOIMmopie YUKIO0OKCU-
eenasu (LOI) uailepexmugniwe 3anobicarome cinepmepmii ma noxinuiyroms nepedic 8iOHOBHO20 Nepiody BUCOKO-
cenexmugHull ineioimop LJOI'-2 yenexokcub ma ananveemux-aumunipemux napayemamon. Memor ybo2o 00cnioxcenus
CMAno BU3HAYEHHs 8NIUBY 3A3HAYEHUX Nidepie CKpuHinzy Ha gyuxyionarvhui cman L[HC, b6onvosy uymausicms ma
Gizuuny eumpuganicme y 6i0H06HOMY nepiodi meniosoi mpaemu. Moodens I'TT 6iomeoprosanu na dopocaux 6inux uypax-
camysax 3a 3anponoHOBaHOI0 paHiue 8ani008anol0 memoouroio waxom 30-xeununnoi excnozuyii 3a +55°C. Teapunu
oynu posnodineni na 4 epynu no 8 wypie y KOJCHIU epyni: IHMAKMHUL KOHMPOJb, KOHMPOIbHA NAMON02IA, Zpyna
napayemamony ma 2pyna yenekokcuby. 3a pe3yibmamamu OOCHONCEHHS BCMAHOBNIEHO, WO YENeKOKCUD BUABTAE
BUPAdICEHY MePMONPOmMeKkmopHy 0ito, gipociono noninuye cmar I[HC 3a nosedinkosumu peaxyiimu ma Qizuyny
sumpusanicme meapur y ionosnomy nepiooi nicis I'TT. Boonouac napayemamon nicis I'TT ne uunumo upasicenozo
no3umueHoz2o enaugy Ha Gynxkyionarohui cman L[HC, nomipno noninwye — Qizuuny eumpueanicme wypie ma
NOCMYRAEMbCS 3a 8CIMA QOCTIONCEHUMU NOKAZHUKAMU Yerekokcudy. Lli pesynomamu 6i0Kpuaromos HO8I MONCTUBOCHII
01121 po3pobKu nioxodie 0o nikysaunsa I'TT ma 0emMoHCmpyoms HeOOHAKO8Y eqheKMUBHICb BUKOPUCIAHHA YeIeKOKCUDY
ma napayemamoiny 3a menjiosux ypariceHs.

Acute heat injury (AHI) from exposure to high-
temperature environments is accompanied by an
excessive increase in body temperature, surpassing
the body's ability to dissipate heat. This condition is
life-threatening and requires immediate medical at-
tention [1]. The issue of AHI is becoming increa-
singly relevant for several reasons. Global warming
raises the average temperatures on the planet, increa-
sing the frequency and intensity of heat waves and,
consequently, the risk of AHI [2]. Lifestyle changes
and increased physical activity among the population
also contribute to the rising frequency of AHI. The
growing popularity of outdoor recreation and sports
is not always accompanied by adherence to safety
measures during training in hot weather, leading to
more frequent heat strokes among athletes and
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outdoor enthusiasts [3]. Socio-economic conditions
also play a significant role. People who work out-
doors or in non-air-conditioned environments, espe-
cially in low- and middle-income countries, are at
higher risk. This category includes agricultural wor-
kers, construction workers, transport workers, and
others [4, 5]. Finally, demographic changes, particu-
larly the aging population, also contribute to the
increase in AHI cases, as older individuals are more
vulnerable to high temperatures due to physiological
changes and the presence of chronic diseases [6].
Excessively high external temperatures in humans
can lead to an increase in body temperature above
40°C, changes in mental state (confusion, disorien-
tation, or unconsciousness), lack of sweating, redness
and dryness of the skin, rapid heart rate, and

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

breathing. Without proper and timely treatment, heat
stroke can cause severe damage of central nervous
system (CNS) with brain swelling, profound disrup-
tions in water-salt balance, damage to internal organs,
coma, and death [7].

Thermoprotective agents are needed for the treat-
ment of AHI. The effectiveness of pharmaceutical
treatments for heat injuries has not been proven (ex-
cept for medications for treating seizures and edema,
correcting water-salt balance) [8]. This justifies the
relevance of searching for thermoprotectors with
different mechanisms of action [7, 8, 9]. The inflam-
matory cascade of arachidonic acid plays an important
role in the pathogenesis of AHI, attracting attention to
cyclooxygenase (COX) inhibitors with different
selectivity of action as potential thermoprotectors.

In previous screening studies on a rat model of
AHI, we found a pronounced thermoprotective effect
of the nonsteroidal anti-inflammatory drug (NSAID)
celecoxib — a highly selective COX-2 inhibitor, and
the analgesic-antipyretic paracetamol — a non-selec-
tive COX inhibitor with predominantly central action.
Their effect was manifested by a lesser increase in
body temperature of the animals compared to several
other NSAIDs — acetylsalicylic acid, diclofenac
sodium, nimesulide, etoricoxib [10]. It is important to
thoroughly characterize the quality of the thermo-
protective effect from the perspective of the state of
individual organs and systems affected by high
environmental temperatures. The aim of this study
was to determine the impact of the mentioned scree-
ning leaders on the functional state of the CNS, pain
sensitivity, and physical endurance during the
recovery period after heat injury.

MATERIALS AND METHODS OF RESEARCH

The animals were kept on a standard vivarium diet
with free access to water, constant humidity, and a
temperature regime of +22-23°C. All experiments
were approved by the Bioethics Committee of the
National University of Pharmacy (excerpt from the
meeting protocol No. 12 dated January 10, 2024) and
conducted in accordance with the requirements of the
European Convention "For the Protection of Verte-
brate Animals Used for Experimental and Other
Scientific Purposes" (Strasbourg, 1986, as amended
in 1998), in compliance with the Law of Ukraine No.
34461V dated February 21, 2006, as amended "On
the Protection of Animals from Cruelty" and the
European Union Directive 2010/63 EU "On the Pro-
tection of Animals Used for Scientific Purposes."

The model of AHI was reproduced in male white
rats weighing 250-300 g according to a previously
validated methodology, which established the dura-
tion and temperature of heat exposure that does not
cause animal death and meets current bioethical
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standards but allows for the creation of pronounced
hyperthermia [10]. For this purpose, the animals were
placed in a thermostat at a temperature of +55°C for
30 minutes. Rectal temperature was monitored before
and at the end of the heat exposure. An electronic
thermometer Gamma Thermo Base was used for pre-
cise temperature measurement.

In the acute period of AHI, 10-15 minutes after
heat exposure, sequential testing was started. Initially,
in the open field test, motor activity (number of
squares crossed) and exploratory activity (number of
vertical rears and exploratory nose-pokes, their sum),
emotional responses (number of grooming acts), and
their autonomic accompaniment (number of fecal
boli, urinations) were assessed separately and in total,
calculating the sum of all activities [11, 12]. Muscle
tone and coordination of animal movements were
evaluated using the rotating rod test (speed 10 revo-
lutions per minute) [13]. Following this, pain
sensitivity and the effect of the tested substances were
assessed using the "Hot Plate" test (surface tempe-
rature +54°C), taking into account the latency time of
the typical response — licking the hind paw [14]. To
avoid burns, the duration of animal exposure to the
hot plate did not exceed 60 seconds.

The final stage (30 minutes after heat exposure)
was the evaluation of physical endurance using the
forced swimming test with a load (10% of body
weight at the root of the tail). The animals were
placed in a pool with a diameter of 50 cm, a depth of
60 cm, and side walls 10 cm high, which prevents
escape, with room temperature water (21-22°C). The
swimming time until exhaustion, when the rats sub-
merged underwater and could not surface for
10 seconds, was measured [15].

The rats were randomly divided into 4 groups,
which were homogeneous in mass and body
temperature at the beginning of the study. Group 1 —
intact control, n=8; group 2 — control pathology (AHI),
n=8; group3 — paracetamol at a dose of
125 mg/kg + AHI, n=8; group 4 — celecoxib at a dose
of 8.4 mg/kg + AHI, n=8. Celecoxib ("Celebrex",
capsules 200 mg, "Pfizer", USA) and paracetamol
(Paracetamol, capsules 500 mg, "Zdorovye", Uk-
raine) were used. The drugs, in the form of a sus-
pension with Tween-80, were administered orally
using a probe in a volume of 2 ml’kg 60 minutes
before the start of heat exposure. Animals in the intact
control and control pathology groups received water
in a similar volume.

Statistical processing of the results was performed
using the licensed software Statistica 10.0 (StatSoft
Inc., serial number STA999K347156-W). The distri-
bution of the sample data was assessed using the
Shapiro-Wilk test. As the distribution was not normal,
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the Kruskal-Wallis test was used to evaluate the
statistical significance of differences between several
independent groups. To determine which specific
groups had significant differences, post-hoc compa-
risons were conducted using the Mann-Whitney test.
Results were presented as medians, 25% and 75%
percentiles (Me[Q25;Q75]), arithmetic means with
standard errors (M+m), and percentages. For accoun-
ting results in an alternative form (presence/absence
of a feature), Fisher's angular transformation was
used. Differences were considered statistically signi-
ficant at p<0.017. The patterns of relationships bet-
ween individual indicators were analyzed using
Spearman’s correlation coefficient [16].

RESULTS AND DISCUSSION

The baseline body temperature in all groups was
nearly identical and within the physiological norm
(36.1-38.1°C). After heat exposure, all animals exhi-
bited an increase in temperature compared to the initial

state. Hyperthermia was particularly pronounced in the
control pathology group, with an average increase
reaching 5.11°C (up to 42.41°C), indicative of severe
heat stroke (HS). Celecoxib significantly reduced the
severity of hyperthermia (average temperature in-
crease +2.48°C, p<0.01 compared to the control
pathology). Paracetamol tended to prevent overheating
(average body temperature increase was 4.35°C)
without statistically significant differences compared
to the control pathology group (Table 1).

In the open field test during the early recovery
period after AHI, rats in the control pathology group
exhibited a significant decrease in exploratory acti-
vity and autonomic support of emotional reactions
compared to the intact control group (Table 2). In the
remaining subtests, as well as in the sum of all
activities, there was a trend towards decreased values
for all measures. These results indicate CNS sup-
pression due to heat stroke.

Table 1

Changes in body temperature of rats during acute heat stroke, M+m, Me[Q25;Q75]

Group, number of animals

Body temperature, °C

Overall increase, °C

initial

at 30 min of heat exposure

37.10+0.39
37.1[36.2; 37.8]

Intact control (n=8)

37.30+0.26
37.2[37.0; 37.6]

Control pathology (n=8)

37.38+0.14
37.3[37.3; 37.6]

Paracetamol (n=8)

Celecoxib (n=8) 37.05+0.19

37.2[36.7; 37.3]

42.410.14%* 5.11£0.16
42.6[42.2; 42.7] 5.2 [5.0; 5.4]
41.73£0.43%* 4.35+0.38
41.9[40.9; 42.7] 4.5 [4.0; 4.9]
39.5340.24%* 2.48+0.26*
39.6[39.2; 39.9] 2.7 [2.2; 3.0]

Notes: n — number of animals in the group; ** — significant differences from the baseline, p<0.01; ##- significant differences from the control pathology

group, p<0.01.

In the paracetamol group, behavioral reactions
also worsened. Exploratory activity significantly dec-
reased in terms of the total sum of indicators and the
sum of emotional reaction indicators. These rats were
twice as impaired in overall activities compared to
intact animals (Table 2).

Celecoxib demonstrated a significant positive im-
pact on behavioral reactions in the open field test
following acute heat trauma. The celecoxib group did
not lag behind the intact control animals in any
indicator and significantly outperformed the control
pathology group in terms of exploratory activity
(p<0.05). Furthermore, celecoxib tended to increase
the motor activity of the animals, particularly in
comparison with the control pathology group.

14

Based on the results of the correlation analysis, the
relationship between body temperature and the sum
of all activities in the open field test differs sig-
nificantly. In intact animals, this relationship is a
strong negative correlation, meaning that higher body
temperature is associated with lower activity (r= -
0.814, p=0.018). In the Heat Tolerance Test (HTT),
this relationship weakens in the control pathology
group and in the presence of paracetamol (r=-0.357
and = -0.336, respectively) and does not reach sig-
nificant levels. However, under the influence of cele-
coxib, the correlation becomes a positive moderate
one (r=0.402) and is also not significant.
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Table 2
Effect of paracetamol and celecoxib on rat behavior in the open field test
during early recovery after acute heat injury, M+m, Me[Q25;Q75]
Acute heat injury
Group, number of animals Intact control (n=8)
control pathology paracetamol celecoxib
(n=8) (n=8) (n=8)
Locomotor activity (squares 29.25+7.60 22.0+8.11 18.63+8.29 33.13+£5.09
crossed) 23.5[15.3;38.3] 9.0 [7.3;39.5] 12.5 [2.5;25.3] 38.0 [33.8;39.0]
Motor and Rearings 9.0+1.40 3.0+1.29 4.25+1.75 5.88+1.13
exploratory 9.0 [5.8;10.8] 2.0 [0.8;3.8]** 4.0 6.5
activity [0; 6.3] [4.8;7.3]
Exploratory 1.38+0.64 0.38+0.28 0.88+0.32 2.75+0.75
nose-pokes 1.0 [052.0] 0 [0; 0.3] 1.0 [0; 1.3] 3.0 [1.0; 4.0]*
The sum 10.38+1.60 3.38+1.19 5.13£1.96 8.63+1.65
10.5 [8.0512.0] 2.0 [2.0;3.8]%* 4.5 [0.8;8.0]* 10.0 [7.3;11.0]*
Emotional Groomings 1.0£0.20 0.88+0.37 0.63+0.35 0.75+0.27
responses and 1.0 [1.0;1.0] 0.5 [0; 2.0] 01]0;1.3] 1.0 [0; 1.0]
their autonomic
accompaniment Fecal boli 0.88+0.43 0+0 0+0 1.13+0.55
0.5 [0;1.3] 0[0; 0] 0105 0] 0.5 [0;2.0]
Urinations 0.38+0.20 0+0 0+0 0+0
0[0;1.0] 0[0; 0] 0[0; 0] 0[0; 0]
The sum 2.25+0.44 0.88+0.37 0.63+0.35 1.88+0.62
2.0 [2.0;2.0] 0.5 [0; 2.0]* 0 [0;1.3]** 1.5 [0.8;3.3]
The sum of all activities 41.88+8.83 26.25+9.16 24.38+9.78 43.63+6.93
345 13.0 18.0 50.5
[23.8; 51.5] [10.0; 44.0] [2.8; 39.0] [41.8;54.3]

Notes: n — number of animals in the group; * — statistically significant differences from intact control, p<0.05; ** — p<0.01; *~ statistically significant
differences from control pathology, p<0.05; ™ — p<0.01.

According to the rotarod test results, acute heat
trauma did not adversely affect the muscle tone or
coordination of the animals' movements: there were

no statistically significant differences between groups
in the number of animals falling off the rod at dif-
ferent time intervals (Table 3).

Table 3

Effect of paracetamol and celecoxib on muscle tone and motor coordination in rats using the
rotarod test during the early recovery period after acute heat trauma, M+m, Me[Q25;Q75]

Group, number of animals

The number of rats that fell from the rod, abs. / %

up to 30 s up to 1 min up to S min
Intact control (n=8) 3/37.5 2/25 3/37.5
Control pathology (n=8) 3/37.5 3/37.5 2/25
Paracetamol (n=8) 4/50 2/25 2/25
Celecoxib (n=8) 3/37.5 2/25 3/37.5

Notes: n — number of animals in the group; In the numerator, absolute number of animals; in the denominator, percentage (%).

Correlation analysis revealed that body temperature
does not play a significant role in motor coordination,
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neither in intact rats nor in the AHI. The relationship
between rectal temperature and the time to fall from
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the rotating rod is non-significant and generally weak:
in the intact control group, r=-0.201; in the control
pathology group, =0.080; in the paracetamol group,
r=-0.366; and under celecoxib, r=-0.163.

Pain sensitivity was assessed using the acute ther-
mal stimulation of the paw model in the "hot plate"
test (Table 4). In the control pathology group, the
reaction time to pain increased slightly (at a trend
level). Both celecoxib and, particularly, paracetamol
exhibited a statistically significant analgesic effect.

Differences in the correlation between pain sensi-
tivity and body temperature were observed. In intact
animals, the relationship between rectal temperature

and the reaction time to thermal stimulation of the
paw is weakly positive and non-significant (r=0.335).
After the Heat Tolerance Test (HTT) in the control
pathology group, this relationship disappears com-
pletely (1=0.056). However, under the influence of
both COX inhibitors, it becomes strong: with para-
cetamol, r=0.794 (p=0.023), and with celecoxib,
r=0.887 (p=0.0005). This indicates that with the use
of both thermal protectors, especially celecoxib, but
not in the absence of pharmacological correction,
pain sensitivity to thermal stress decreases directly
proportional to body temperature.

Table 4

Effect of paracetamol and celecoxib on pain sensitivity in rats using the hot plate test

during the early recovery period after

acute heat trauma, M+m, Me[Q25;Q75]

Group, number of animals

Back paw licking time, s

Intact control (n=8)

Control pathology (n=8)

Paracetamol (n=8)

Celecoxib (n=8)

12.89+0.77
12.1 [11.2; 15.2]

16.83+2.59
13.8 [11.9; 21.2]

30.23+7.42%
22.3 [14.6; 45.4]

23.34£3.32%+
20.1 [15.2; 31.0]

Notes: n — number of animals in the group; Statistically significant differences from intact control: * — p<0.05, ** — p<0.01.

The results of the study on physical endurance
in rats using the forced swimming test with a load
after acute thermal trauma (Table 5) showed that

the swimming duration in the control pathology
group decreased by 33% compared to the intact
control (p<0.01).

Table 5

Effect of paracetamol and celecoxib on physical endurance in rats using the forced swimming
test during the early recovery period after acute heat trauma, M+m, Me[Q25;Q75]

Group, number of animals

Number of rats remaining on the water surface

Duration of swimming, s

up to 30 s 0.5-1 min 1-2 min over 2 min
Intact control (n=8) 0 0 6 2 103.38+8.42
(0%) 0%) (75%) (25%) 96.0 [89.5; 114.3]
Control pathology (n=8) 0 3 4 1 69.38+8.58%*
0%) (37.5%) (50%) (12.5%) 62.5 [57.3; 73.0]
Paracetamol (n=8) 1 1 5 1 90.63+15.47
(12.5%) (12.5%) (62.5%) (12.5%) 97.5 [65.0;5 108.3]
Celecoxib (n=8) 0 0% 5 3 113.50+7.72%
(0%) (0%) (62.5%) (37.5%) 106.5 [101.0; 125.8]

Notes: n — number of animals in the group; ** — statistically significant differences from intact control, p<0.01; " — statistically significant differences

from control pathology, p<0.01.
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The analysis of the dynamics of the test shows that
in the control pathology group, over a third of the rats
remained on the water surface for only 0.5-1 minute.
This significantly (p<0.01) falls short compared to the
intact control group, where all animals stayed on the
water surface for at least 1 minute, and a quarter of
the rats remained for over 2 minutes.

In the paracetamol group, physical endurance after
acute heat trauma worsened, with swimming time
tending to be 12% shorter than in the intact control
group, and complete exhaustion occurred earlier
(within 1 minute) in a quarter of the cases.

However, under the influence of celecoxib, the
time to exhaustion not only did not decrease but
tended to increase by 9% compared to the intact
control group. Furthermore, celecoxib significantly
(p<0.01) increased the swimming duration by 63%
compared to the control pathology group. This indi-
cates a positive effect of both thermoprotective agents
on preserving physical endurance.

The analysis of the relationship between rectal
temperature and physical endurance revealed a strong
positive correlation in intact rats (r=0.837, p=0.013).
It is possible that a healthy animal in the swim test
with a load can utilize body thermal energy for phy-
sical work, so as the baseline body temperature in-
creases, the duration of swimming to exhaustion also
increases. However, despite the elevated body tem-
perature after the AHI without the use of thermal
protectors, this relationship disappears completely (in
the control pathology group, r=0.03). Under the in-
fluence of COX inhibitors, this correlation turns into
a moderate negative one (r=-0.535 with paracetamol)
or a weak negative one (r=-0.182 in the celecoxib
group), although the marker of physical endurance-
time to exhaustion in the swim test-shows no signi-
ficant differences from that of intact rats in both
groups. This phenomenon cannot be explained by im-
paired motor coordination, as the results of the rota-
rod test show no changes in this respect. It is likely
that the opposite direction of the studied relationship
reflects characteristics of energetic metabolism,
which requires further specialized investigation.

AHI is a dangerous condition leading to signi-
ficant alterations in CNS function. Among the pri-
mary symptoms of CNS damage are headaches, diz-
ziness, delirium, ataxia, seizures, and coma, which
may accompany encephalopathy, brain edema, and
other neurological disorders [17]. The mechanisms of
CNS damage due to heat injury may be associated
with increased activity of COX and LOX enzymes, as
they play a critical role in inflammation and oxidative
stress linked to neurodegenerative processes [18].

According to limited literature data, there are at
least two mechanisms by which COX activity is
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increased during the AHI. The first mechanism [19],
described as early as 1989, involves a response to ele-
vated temperatures where cells alter their lipid com-
position and membrane fluidity. This process results in
the release of arachidonic acid from phospholipids
through the action of phospholipases.This, in turn, in-
duces the formation of eicosanoids — prostaglandins,
thromboxane, prostacyclin, and leukotrienes, that are
involved in the inflammatory response and disruption
of circulation. The second mechanism is related to the
activation of HSF1 (Heat Shock Factor 1), a transcrip-
tion factor that plays a key role in the cellular response
to heat stress. HSF1 not only induces heat shock pro-
teins but also activates COX-2 release in cells [20].

These observations suggest that heat stress can
coordinate the entire eicosanoid synthesis cascade res-
ponsible for the symptoms of CNS damage in HS.
However, pharmacological aspects of HS correction
and effective target interventions remain insufficiently
explored, and treatment remains largely symptomatic.

Celecoxib, a highly selective COX-2 inhibitor
[21], reduces inflammation by decreasing the release
of eicosanoids, particularly pro-inflammatory prosta-
glandins, and has demonstrated a pronounced positive
impact on CNS function in HS in our study.

In contrast, paracetamol, an analgesic-antipyretic,
does not have as strong an effect on COX-2 inhibition
mechanisms. However, it exhibits central analgesic
action, which may be explained by the inhibition of
COX-3, responsible for prostaglandin synthesis in the
CNS rather than the periphery [22].

Celecoxib and paracetamol have different effects
on COX activity in the CNS, which may account for
their distinct effects in HS. As indicated by our study
results, celecoxib more effectively improves CNS
function (preventing suppression of exploratory reac-
tions and normalizing autonomic responses to emo-
tional reactions) and physical endurance, whereas pa-
racetamol is somewhat more effective in reducing pain
sensitivity. This makes both drugs promising for the
comprehensive treatment of HS, considering the spe-
cific clinical needs of each patient. Differences in the
correlation between body temperature and behavioral
responses, pain sensitivity, and physical endurance in
the presence of the investigated drugs may reflect the
specific mechanisms of action and the nature of the
effects of each drug on the course of the AHI.

Thus, our results open new opportunities for deve-
loping therapeutic approaches to the treatment of AHI
conditions and highlight the differing effectiveness of
celecoxib and paracetamol in thermal injuries. Future
research should focus on elucidating the neuro-
chemical mechanisms through which COX inhibitors
of varying selectivity affect the functional state of the
central nervous system under AHI conditions.
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CONCLUSIONS

1. On the acute heat injury model, the selective
COX-2 inhibitor celecoxib (8.4 mg/kg) effectively
prevents hyperthermia in rats when used prophy-
lactically, surpassing the analgesic-antipyretic para-
cetamol (125 mg/kg) as a thermoprotector. This diffe-
rence in efficacy may reflect the distinct mechanisms
of action of each drug.

2. The functional state of the CNS in animals with
acute heat injury deteriorates in the open field test, cha-
racterized by suppression of exploratory behavior, emo-
tional reactions, and their autonomic responses, with a
significant reduction in physical endurance in the forced
swimming test. Celecoxib improves the CNS state (pre-
venting the suppression of exploratory reactions and
autonomic responses in the open field test) and restores
physical endurance to the level of intact animals. Para-
cetamol does not improve behavioral reactions in the
open field but prevents a decline in physical endurance.

3. Muscle tone and movement coordination in ani-
mals after acute heat injury in the rotarod test remain
virtually unchanged, with neither celecoxib nor para-
cetamol affecting these parameters.

4. Pain sensitivity in rats with acute heat injury in
the hot plate test is tendentially reduced. Celecoxib
and especially paracetamol maintain their inherent
analgesic effects under these conditions.

5. In terms of positive impact on the functional
state of the CNS and physical endurance during

acute heat injury, paracetamol is less effective
compared to celecoxib.
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treatment of acute heat injury. Specifically, it is
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fluid-electrolyte balance, among other aspects.
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