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EFFECT OF GENERAL HYPERTHERMIA AND LOCAL COOLING 
ON FENTANYL TOLERANCE IN RATS

Jury Ju. Ivnitsky, Olga A. Vakunenkova, Alexandr I. Golovko, Nataliya V. Lapina, Vladimir L. Rejniuk

Golikov Scientific and Clinical Center of Toxicology, St. Petersburg, Russia

Introduction. The toxicity of a number of xenobiotics increases with air temperature. However, it remains unknown whether this applies to 
narcotic analgesics and whether this dependence can be corrected by first aid measures recommended for heat stroke. 
Objective. Evaluation of the effect of elevated air temperatures and local cooling on the acute toxicity of fentanyl.
Materials and methods. Three series of experiments were conducted. In the first series, the effect of elevated air temperatures on the dose 
dependence of the lethal and narcotic effects of fentanyl was studied. In total, 11 groups of 20 rats each were formed, which were intrave-
nously administered fentanyl at doses of 50, 100, 200, 300, or 400 μg/kg, and one group (n = 14) without drug administration. Following 
fentanyl administration, one subset of rats (n = 100) was kept for 24 h at an air temperature of 22 °C; the second subset (n = 100) was kept for 
40 min in a thermal chamber at 40 °C and then for 24 h at 22 °C. Those not receiving fentanyl were observed in a thermal chamber until the first 
case of death, then for 24 h at 22 °С. In the second series of experiments, the effect of head cooling on lethality, latent awakening time, and 
rectal temperature of rats (n = 49) 40 min after intravenous administration of fentanyl at a dose of 300 μg/kg (LD

5
) was studied. Four groups of 

animals were formed, which were kept after fentanyl administration for 40 min at 22 or 40 °С with or without local cooling of the neurocranium, 
followed by observation for 24 h at 22 °С. In the third series of experiments, following the same scheme, the effect of cooling the middle third 
of the ventral surface of the torso on lethality, latent awakening time, and rectal temperature of rats (n = 48) 40 min after fentanyl administration 
at the same dose was studied. Statistical analysis was performed using the OriginPro software.
Results. A 40-min exposure at 40 °С was non-lethal for intact rats. After administration of fentanyl at doses of 100–400 μg/kg, lethality 
reached 0–5% and 60–95% at 22 °С and 40 °С, respectively. Hyperthermia induced by 40 °С exposure under fentanyl administration at a 
dose of 300 μg/kg was mitigated by head cooling and prevented by cooling the ventral surface of the torso. Cooling the ventral surface of the 
torso, rather than the head, reduced lethality from 100% to 8%. At 22 °С, both local cooling methods deepened fentanyl-induced hypothermia 
without significantly affecting lethality or anesthesia duration.
Conclusions. The general overheating potentiates the lethal and narcotic effects of fentanyl in rats. Under these conditions, cooling the ven-
tral surface of the torso is an effective measure to prevent hyperthermia and lethality, while head cooling is ineffective. At room temperature, 
both local cooling methods deepen fentanyl-induced hypothermia without significantly affecting lethality. The efficacy of cooling the ventral 
surface of the torso requires evaluation not only during combined overheating but also during isolated overheating of the organism.
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УДК 615.9 

ВЛИЯНИЕ ОБЩЕГО ПЕРЕГРЕВАНИЯ И МЕСТНОГО ОХЛАЖДЕНИЯ НА ПЕРЕНОСИМОСТЬ 
ФЕНТАНИЛА КРЫСАМИ

Ю.Ю. Ивницкий, О.А. Вакуненкова, А.И. Головко, Н.В. Лапина, В.Л. Рейнюк

Научно-клинический центр токсикологии им. академика С.Н. Голикова Федерального медико-биологического агентства, 
Санкт-Петербург, Россия

Введение. Токсичность многих ксенобиотиков возрастает с температурой воздуха, но неизвестно, относится ли это к наркотиче-
ским анальгетикам и как на эту зависимость влияют меры помощи, рекомендуемые при тепловом ударе.
Цель. Оценка влияния повышенной температуры воздуха и местного охлаждения на острую токсичность фентанила.
Материалы и методы. Проведены три серии экспериментов: в первой изучено влияние повышенной температуры воздуха на дозо-
вую зависимость летального и наркотического действия фентанила. Формировали 11 групп по 20 крыс, которым внутривенно (в/в) 
вводили фентанил в дозах 50, 100, 200, 300 или 400 мкг/кг и группу (n = 14) без введения препарата. После введения фентанила 
часть крыс (n = 100) содержали в течение суток при температуре воздуха 22 °С; вторую часть (n = 100) — 40 мин в термокамере 
при 40 °С и далее в течение суток при 22 °С; не получивших фентанил наблюдали в термокамере до первого случая гибели, за-
тем — в течение суток при 22 °С. Во второй серии изучено влияние охлаждения головы на летальность, латентное время пробуж-
дения, ректальную температуру крыс (n = 49) через 40 мин после в/в введения фентанила в дозе 300 мкг/кг (LD

5
). Формировали 
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4 группы животных, которых после введения фентанила содержали 40 мин при 22 или 40 °С с местным охлаждением neurocranium 
или без него и последующим наблюдением в течение суток при 22 °С. В третьей серии по такой же схеме изучено влияние охлажде-
ния средней трети вентральной поверхности туловища на летальность, латентное время пробуждения и ректальную температуру 
крыс (n = 48) через 40 мин после введения фентанила в той же дозе. Статистический анализ проведен с использованием программ-
ного обеспечения OriginPro.
Результаты. Сорокаминутное пребывание интактных крыс при 40 °С было нелетальным. После введения фентанила в дозах 100–
400 мкг/кг летальность составила 0–5% при 22 °С и 60–95% при 40 °С. Гипертермия при 40 °С на фоне введения фентанила в дозе 
300 мкг/кг замедлялась при охлаждении головы и предотвращалась при охлаждении вентральной поверхности туловища. Охлаж-
дение вентральной поверхности туловища, но не головы, снижало летальность со 100 до 8%. При 22 °С оба варианта местного 
охлаждения углубляли вызванную фентанилом гипотермию, существенно не влияя на летальность и продолжительность наркоза.
Выводы. Общее перегревание потенцирует летальное и наркотическое действие фентанила на крыс. Охлаждение в этих условиях 
вентральной поверхности туловища — эффективная мера предупреждения гипертермии и летальности, а охлаждение головы ма-
лоэффективно. При комнатной температуре оба варианта местного охлаждения углубляют вызванную фентанилом гипотермию, 
существенно не влияя на летальность. Требует оценки эффективность охлаждения вентральной поверхности туловища не только 
при комбинированном, но и при изолированном перегревании организма.

Ключевые слова: летальность; местное охлаждение; общее перегревание; острая интоксикация; температура тела; фентанил
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INTRODUCTION

Overheating of the body is a health condition caused by 
an increase in body temperature under the conditions 
where the sum of the thermal energy released during 
metabolic processes and received from the environment 
exceeds the thermal energy lost through radiation, con-
vection, and heat conduction. 

Climatic conditions conducive to overheating of the 
body are not uncommon in Russia. One aspect of this 
problem is the associated increase in the toxicity of a 
number of xenobiotics for poikilothermic [1] and homeo-
thermic animals [2]. In this regard, the influence of condi-
tions promoting overheating of the body on the sever-
ity of side effects of narcotic analgesics is of interest. 
Their overdose may occur during the medical evacua-
tion of the wounded. In addition, fentanyl derivatives are 
spreading rapidly on the illegal market of narcotic drugs 
and psychotropic substances [3]. However, there is a 
lack of data on predicting the effect of overheating on 
the toxicity of opioids. In order to fill this gap, the toxic-
ity of such substances in cases of overdose under con-
trolled climatic conditions should be studied.

Opioid overdose can be conveniently simulated by 
administering fentanyl to animals, due to a combination 
of short duration of action and its membership in the 
class of extremely toxic substances [4]. In addition, it is 
of interest to study the feasibility of therapeutic measures 

recommended for isolated overheating of the body in the 
form of heat stroke in the setting of opioid analgesia. The 
Russian Standard of Emergency Medical Care for Heat 
and Sun Stroke1 prescribes the “application of an ice 
pack” as such a measure, although not specifying the 
location for its placement. In educational and method-
ological sources, the forehead is most often indicated as 
such a location2. The back of the head, neck, temples, 
collarbones, inner bends of the elbow and knee joints, 
calf muscles, groin, and sacral areas are also mentioned 
[5]; however, there is a lack of objective data character-
izing the validity of such recommendations.

This study aims to evaluate the effect of elevated air 
temperature and local cooling on the acute toxicity of 
fentanyl.

MATERIALS AND METHODS

The study was conducted in November  2024 using 
male outbred albino rats weighing 191–210 g from the 
Rappolovo Laboratory Animal Breeding Facility of the 
Kurchatov Institute. Three series of experiments were 
performed.

In the first series of experiments, the effect of elevat-
ed air temperature on the dose dependence of the le-
thal and narcotic effects of fentanyl was studied. In to-
tal, 11 randomized groups were formed. In 10 groups, 
animals (n = 200) were injected with a fentanyl solution 

1	 Order of the Ministry of Health of the Russian Federation No. 1115n dated 20 Dec. 2012 “Standard of Emergency Medical Care for Heat and Sun Stroke”.
2	 Bykov IYu, Rakov AE, Sosyukin AE, eds. Military Field Therapy: A National Guide. Moscow: GEOTAR-Media; 2007.
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of 50 µg/mL (Moscow Endocrine Plant, batch 30212) at 
doses of 50, 100, 200, 300, 400 µg/kg into the lateral tail 
vein. In one group (n = 14), the drug was not administered.

The individuals that received fentanyl (n = 100) were 
left for 24 h at room temperature of 22 °C (control group); 
the second part of the animals (n = 100) was placed for 
40 min in open enclosures installed in a thermal cham-
ber at 40 °C, and then observed for 24 h at an air tem-
perature of 22 °C.

Rats that did not receive fentanyl (dose 0 mg/kg, vol-
ume 0 mL/kg) were placed in restrainers and kept in a 
thermal chamber until the first case of death. After re-
moval from the thermal chamber, observation continued 
for 24 h at 22 °C. During this time, awakening (at the mo-
ment of the first running movement upon tail percussion) 
or death was recorded. The study design is presented 
in the Table. 

In the second series of experiments using other rats 
(n = 49), the effect of general overheating and/or local 
head cooling on rectal temperature, lethality, and the la-
tent time of awakening 40 min after the administration of 
the officinal fentanyl preparation at a dose of 300 µg/kg 
was studied. This dose was preliminarily identified as 
LD

5
 for individuals kept at room temperature. Four rand-

omized groups were formed:
1.  Group 1 (n = 14) — animals that received fentanyl 

at a dose of 300 µg/kg and were then kept for 24 h at 
22 °C without local cooling;

2.  Group 2 (n = 12) — animals that received fentanyl 
at a dose of 300 µg/kg, then left for 40 min at 22 °C with 
local cooling, and then for 24 h at 22 °C without local 
cooling;

3.  Group 3 (n = 12) — animals that received fentanyl 
at a dose of 300 µg/kg, kept for 40 min at 40 °C without 
local cooling, and then for 24 h at 22 °C;

4.  Group 4 (n = 11) — animals that received fentanyl 
at a dose of 300 µg/kg, kept for 40 min at 40 °C with lo-
cal cooling, and then for 24 h at 22 °C.

To cool the head, plastic containers containing 70 g 
of melting ice were held on the surface of the neurocra­
nium of the animals for 40 min after fentanyl administra-
tion, after which local cooling was stopped and body 
temperature was measured. The outcome of intoxication 
(death or awakening) was recorded over 24 h.

According to the same scheme, in the third series 
of experiments using four  groups of 12  rats each, the 
influence of a 40-min stay in a thermal chamber at 40 °C 
and/or cooling the middle third of the ventral surface of 
the torso on acute fentanyl intoxication was studied. The 
conditions of local body cooling are illustrated in Fig. 1.

Climatic conditions promoting body overheating were 
simulated in a BMT Stericell SC 111 ECO thermal cham-
ber with a capacity of 111 L (Czech Republic), which main-
tained an air temperature of 40 ± 1 °C, relative humidity of 
48%, and an air exchange rate of 45 chamber volumes 
per hour. Body temperature was measured with an elec-
tric thermometer equipped with a RET-2 rat sensor (WPI, 
China), the tip of which was inserted into the rectum to a 
depth of 3 cm. Instrumental ophthalmoscopy was not per-
formed; the color of the ocular fundus was indirectly as-
sessed by the color of the eyes, which in albino rats lack 
pigments other than hemoglobin in the blood vessels.

Statistical analysis was performed using the OriginPro 
software. The results are presented as the mean value 

Table. Scheme for studying the influence of conditions promoting body overheating on the dose dependence of 
the lethal and narcotic effects of fentanyl

Rat number
Pharmacological effects

Climate impact
Fentanyl dose, μg/kg Drug volume, mL/kg

20 50 1

22 °C within 24 h after fentanyl 
administration

20 100 2

20 200 4

20 300 6

20 400 8

14 0 0 40 °C until the occurrence of first death, 
and then 22 °C for 24 h

20 50 1

40 °C for 40 min after the fentanyl 
administration and then for 24 h at 22 °C

20 100 2

20 200 4

20 300 6

20 400 8

Table prepared by the authors 
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and its error (M ± m). The Shapiro–Wilk test was used to 
check the normality of the distribution. The influence of 
the applied interventions on parametric indicators was 
assessed using analysis of variance. In cases of sig-
nificant models, intergroup comparison of means was 
performed using Tukey’s honestly significant difference 
test. LD

50
 values were calculated using the probit meth-

od. Intergroup differences in survival functions were 
assessed using the Gehan–Wilcoxon test, and the fre-
quency of occurrence of alternative traits was assessed 
using Fisher’s exact method. The critical significance 
level α was set at 0.05.

RESULTS 

In the first series of experiments, when studying the dose 
dependence of the lethal and narcotic effects of fenta-
nyl, 10–15  s after its administration, opisthotonus, tail 

extension, and short-term apnea followed by rare shal-
low breathing were observed in the rats. The ocular fun-
dus acquired a violet color. All cases of death occurred 
within the first 2 h, and awakenings occurred within the 
first 3.4 h. For individuals kept at room temperature, fen-
tanyl doses of 50 and 100 µg/kg were sublethal, while at 
doses of 200, 300, or 400 µg/kg, the lethality rate was 
5%. Thus, at room air temperature, the LD

50
 value for 

fentanyl administered intravenously as an official solu-
tion in a volume acceptable for rats  (≤ 2 mL) was not 
reached.

In animals placed in the thermal chamber for 40 min 
after fentanyl administration, the LD

50
 was 113 ± 16 µg/kg  

(Fig.  2A). Thermal exposure against the background 
of fentanyl administration increased the latent time to 
awakening by 1.6–4.0 times (from 10–110 to 40–176 min, 
Fig. 2B). In such animals, transient ataxia was observed 
after awakening, which was absent in the control group. 

Figure prepared by the authors

Fig. 1. Local cooling of the rat body after fentanyl administration: A — container with melting ice is in contact with the 
neurocranium; B — container with melting ice is in contact with the middle third of the ventral surface of the torso

Figure was prepared by the authors

Fig. 2. Lethality (A) and latent time of awakening (B) in rats after fentanyl administration followed by a 40-min stay 
at an air temperature of 22 °C or 40 °C
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For rats that did not receive fentanyl, the 40-min ther-
mal exposure was non-lethal; the first case of death 
was noted only 90 min after being placed in the thermal 
chamber.

Figure  2 shows that, compared to animals left at 
room temperature, the difference is significant in the 
dose range of 100–400 µg/kg for lethality and in the 
dose range of 50–400 µg/kg for the latent time of awak-
ening, p < 0.05.

In the second and third series of experiments, when 
studying the thermal state of the body, the initial rectal 
temperature was 38.1 ± 0.1 °C (n = 96). Thus, 40 min 
after fentanyl administration, the rectal temperature of 
surviving individuals in Group 1, left at room temperature 
without local body cooling, decreased to 34.5 ± 0.2 °C 
(n = 25), while in rats from Group 3 (n = 5) that remained 
alive at this time, it increased to 44.5 ± 0.4 °C. With head 
cooling, the body temperature in rats left at room tem-
perature was 33.7 ± 0.3  °C, Group 2 (n  = 10), and in 
the six surviving individuals from Group 4 at the time of 
removal from the thermal chamber, it was 39.8 ± 0.6 °C 
(Fig. 3A). Cooling the ventral surface of the torso reduced 
the body temperature of animals compared to those not 
receiving local cooling in animals that, after fentanyl ad-
ministration, were kept at both room and elevated air 
temperatures: to 29.7 ± 0.3 °C (n = 9) and 33.0 ± 0.5 °C 
(n = 11) over 40 min, respectively. Over 40 min, the dif-
ference in mean group body temperature values among 
the rats that survived exposure to the thermal chamber, 
without and with local cooling of the ventral torso sur-
face, reached 11.4 °C (Fig. 3B). 

In rats left at room temperature after fentanyl admin-
istration, lethality was 7–8%, while in those placed in a 
thermal chamber for 40 min, it was 100% (p < 0.05). The 

effect of head cooling on lethality showed a tendency to 
increase by 10% in rats left at room temperature and to 
decrease by 27% in those placed in the thermal cham-
ber (Fig. 4A).

Cooling the ventral surface of the torso completely 
prevented the aggravating effect of elevated air tempera-
ture on acute intoxication. Thus, the lethality decreased 
by 92% and was similar to that in rats left at room tem-
perature without local cooling (Fig.  4B). In animals left 
at room temperature after fentanyl administration, cool-
ing the ventral surface of the torso showed a tendency 
to increase lethality by 17% compared to those without 
local cooling. Rats subjected to thermal exposure after 
fentanyl administration without local body cooling died 
without awakening. No significant intergroup differences 
in the latent time of awakening were recorded among 
the remaining animals, who did not show signs of ataxia.

DISCUSSION 

The range of fentanyl doses used in the present study, 
50–400 µg/kg, included the ED

100
 for analgesic activity 

in rats: 75 µg/kg [6]. When calculated based on body 
surface area, the administered doses are bioequivalent 
to 8–67 µg/kg for humans. This is 1–8 times higher than 
the doses used for neuroleptanalgesia and 2–16 times 
higher than the doses used in surgeries with sponta-
neous breathing3, modelling an overdose of an opioid 
narcotic analgesic.

While unlikely in a hospital setting, such an overdose 
is possible due to lapses in the continuity of care for the 
wounded during stages of medical evacuation, including 
under conditions promoting body overheating. In humans 
performing light physical work, overheating occurs when 

Figure prepared by the authors

Fig. 3. Changes in the rectal temperature of rats after fentanyl administration at a dose of 300 µg/kg and a 40-min 
stay at an air temperature of 22 °C or 40 °C with ice cooling of the head (A) or the ventral surface of the torso (B) 

Note: statistically significant difference (p < 0.05): * — compared to the corresponding group of rats left at room temperature after fentanyl 
administration; † — compared to the corresponding group of rats without local cooling.
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3	 Mashkovsky MD. Medicinal Products. Moscow: Novaya Volna; 2021.
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the air temperature exceeds 31  °C as measured by a 
“wet” bulb thermometer [7], which, at a relative humidity 
of 48%, corresponds to 40 °C on a “dry” bulb thermom-
eter. According to the data obtained, a 40-min exposure 
to such conditions was easily tolerated by intact rats but 
severely exacerbated the toxic effects of opioids at dos-
es that are non-lethal under thermal comfort conditions. 
These data characterize the type of interaction between 
the undesirable side effects of the opioid and conditions 
promoting body overheating as potentiation.

Overheating in animals placed in a thermal chamber 
after fentanyl administration occurred despite its hypo-
thermic effect observed at room temperature [8]. In the 
setting of fentanyl exposure, overheating may have been 
facilitated by impaired evaporative heat loss from the 
body surface, which is hypothetically achieved in rats by 
spreading saliva onto their fur [9]. Narcotization deprived 
the animals of this thermoregulatory mechanism, analo-
gous to sweat evaporation in humans. Reduced evapo-
ration of moisture from the respiratory tract surface due 
to suppressed external respiration may also have con-
tributed to decreased heat loss. 

Exposure to a thermal chamber increased the rectal 
temperature of anesthetized rats to 44.5 °C, exceeding 
the threshold for irreversible tissue damage (43  °C) by 
1.5 °C [10]. This was a sufficient condition for their death. 
In comparison, without thermal exposure, the adminis-
tration of an equivalent dose of fentanyl was non-lethal 
for most animals. Reversible impairments, such as in-
creased blood–brain barrier permeability and elevated 
brain water content, can occur even at lower body tem-
peratures (42 °C) [10]; these may have been associated 
with the ataxia observed in rats that awakened after 
fentanyl administration and thermal chamber exposure. 
Thus, in the absence of local body cooling, hyperpyrexia 

was the factor precluding survival at an air temperature 
of 40 °C during acute fentanyl intoxication.

When the ventral torso surface or head was cooled, 
the body temperature did not reach 42  °C during the 
stay of animals in a thermal chamber. Although head 
cooling prevented hyperpyrexia during thermal cham-
ber exposure, it did not significantly affect lethality. 
Probable mechanisms of thanatogenesis in these rats 
included cerebral edema and swelling, which have been 
described in both severe opioid intoxications [11] and 
heat stroke [12]. An increase in brain volume within the 
confined space of the skull leads to elevated intracra-
nial pressure and reduced cerebral blood flow velocity. 
This may explain the lower cooling efficacy of ice ap-
plication to the head compared to the ventral torso sur-
face. These findings appear to contradict reports of high 
cerebral blood flow velocity4, high heat flux density from 
the head surface [13], and recommendations to cool the 
head during body overheating [5, 14]. This contradiction 
may be explained by the hypothesis of reduced cerebral 
blood flow velocity, which impeded heat transfer from 
the body thermal “core” to the cooled surface of the 
neurocranium during acute fentanyl intoxication under 
conditions of body overheating.

Cooling the middle third of the ventral surface of the 
torso proved to be a highly effective measure for pre-
venting body overheating despite elevated air tempera-
tures and reduced evaporative heat loss. This indicates 
the sufficiency of the volumetric blood flow rate in the 
visceral region for convective transfer to the cooled sur-
face not only of excess heat entering the body from the 
external environment but also of heat released during 
metabolic processes. In light of this, it seems expedi-
ent to evaluate the efficacy of local abdominal cooling 
not only against the background of opioid exposure but 

Figure prepared by the authors

Fig. 4. Survival of rats after fentanyl administration at a dose of 300 µg/kg and a 40-min stay at an air temperature 
of 22 °C or 40 °C with ice cooling of the head (A) or the ventral surface of the torso (B)

Note: statistically significant effect (p  < 0.05) was found for: general overheating without local cooling (A, B); local cooling during general 
overheating (B).
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also during isolated body overheating, with potential re-
visions to the current “Standard of Emergency Medical 
Care for Heat and Sun Stroke” if necessary.

However, the data obtained also indicate that local 
body cooling should not be recommended during acute 
opioid intoxication under comfortable climatic condi-
tions. It is likely that the decrease in body temperature 
during local cooling, combined with fentanyl-induced 
peripheral vasodilation [15] and its direct inhibitory effect 
on mitochondrial oxygen consumption [16], suppressed 
the respiratory center and exacerbated hypoxemia, as 
indicated by cyanosis of the ocular fundus of the ani-
mals.

The findings allow us to formulate a hypothesis re-
garding the mechanisms by which body overheating 
and cooling of the ventral torso surface against this 
background affect the toxic effects of fentanyl. Both 
opioids and heat stress inhibit the propulsive function of 
the gastrointestinal tract, promoting the overgrowth of 
thermophilic microflora and its production of toxic sub-
stances, including ammonia and lower amines [17]. The 
accumulation of fluid in the intestinal lumen associated 
with activation of μ-opioid receptors by fentanyl also 
stimulates bacterial growth, further facilitating the forma-
tion of these substances [18]. The translocation of am-
monia and lower amines from the gastrointestinal chyme 
into the bloodstream is enhanced by μ-opioid receptor 
agonist-mediated increased intestinal epithelial perme-
ability, which is mediated by Toll-like receptor activation 
[18]. The subsequent transfer of ammonia and lower 
amines from the blood into the brain may be facilitated 
by metabolic acidosis caused by body overheating and 
acute respiratory failure. The characteristic increase in 
the pH gradient between blood plasma and cytoplasm 

intensifies the entry of ammonia and lower amines from 
the blood into astroglia along the concentration gradient 
of their neutral gaseous forms [19], which should lead 
to the accumulation of free amino acids in the brain [20] 
and cerebral swelling. Due to the inverse relationship 
between water temperature and the solubility of gases 
(including ammonia and lower amines), such swelling 
cannot be alleviated by local head cooling. Conversely, 
cooling the gastric and intestinal chyme by the magni-
tude observed in this study — an 11.4 °C drop in body 
temperature during ice application to the ventral torso 
surface – should reduce the metabolic activity of ther-
mophilic gastrointestinal microflora by at least 2.2 times, 
thereby blocking the mechanisms of thanatogenesis 
mediated by acute intestinal endotoxemia. Testing this 
hypothesis in further research opens prospects for new 
approaches to the pathogenetic therapy of both acute 
opioid intoxication and heat stroke.

CONCLUSIONS

1.  Body overheating potentiates the lethal and narcotic 
effects of fentanyl in rats. Under these conditions, cool-
ing the ventral surface of the torso is an effective meas-
ure to prevent hyperthermia and reduce lethality, while 
head cooling is ineffective.

2.  At room air temperature, local cooling of both the 
head and the ventral surface of the torso exacerbates 
fentanyl-induced hypothermia without significantly af-
fecting rat lethality.

3.  The data obtained should be considered in fur-
ther research into the influence of climatic factors on the 
tolerability of narcotic analgesics in larger laboratory ani-
mals and humans.
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