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EXACERBATION OF ACUTE ALCOHOL INTOXICATION IN PIGS M) Check for updates
UNDER HEAT STRESS: AN EXPERIMENTAL STUDY

Jury Ju. Ivnitsky™, Olga A. Vakunenkova, Ekaterina A. Zolotoverkhaja, Semen S. Gaft, Natalya V. Lapyna, Vladymir L. Rejniuk

Golikov Research Center of Toxicology, St. Petersburg, Russia

Introduction. The hypothesis that ambient temperature influences the manifestations of alcohol intoxication was proposed long ago; how-
ever, the exacerbation of acute alcohol intoxication by heat stress remains empirically unconfirmed. The mechanisms underlying this phenom-
enon have likewise not been described in the literature.

Objective. To assess the impact of heat stress on metabolism, thermal status, and neurological status in pigs with moderate acute alcohol
intoxication.

Materials and methods. In two- to three-month-old male Landrace pigs weighing 30-40 kg, kept at ambient temperatures of 24 °C and
40 °C, the neurological status was assessed, and rectal temperature, external respiration parameters, circulatory parameters, arterial blood
hemoglobin oxygen saturation, acid-base status, blood gas composition, and venous blood biochemical parameters were determined within
3 h after intravenous administration of ethanol at a dose of 1.2 g/kg. Statistical analysis was performed using OriginPro software.

Results. All animals in the control group retained responses to auditory and painful stimuli but lost them in the experimental group. At an ambi-
ent temperature of 40 °C, rectal temperature increased by 2.4 °C, whereas a tendency toward its decrease was observed in the control group
(24 °C); tachypnea developed. At 40 °C, venous blood oxygen tension decreased by 22% and hemoglobin oxygen saturation decreased by
20%, while in the control group these parameters increased by 42% and 15%, respectively. Bicarbonate levels decreased by 16%; base deficit
and metabolic acidosis developed, with a 0.1-unit drop in pH. Lactate levels increased by 186%, pyruvate by 68%, ammonia by 152%, and
bacterial endotoxin by 40%, whereas no significant changes in these parameters were observed in the control group.

Conclusions. Moderate acute alcohol intoxication in pigs under heat stress differed qualitatively from that under comfort thermal conditions
as evidenced by the development of acute cerebral insufficiency (equivalent to coma in humans), tachypnea, venous hypoxemia, metabolic
lactate acidosis, pyruvatemia, and endotoxemia, which included hyperammonemia and endotoxinemia. The occurrence of such effects in
humans would require refinement of the currently used methods for predicting and assessing the severity of alcohol intoxication, which are
based on data regarding the ethanol dose, its concentration in blood, and its levels in exhaled air.
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OTArOLLEHUE OCTPOWN ANNKOIOJIbHON MHTOKCUKALIMW Y CBUHEW MPU TENJIOBOM
CTPECCE: 3KCMNEPUMEHTAJIbHOE UCCJIEAOBAHUE

HO.FO. MBHuukmin™, O.A. BakyHeHkoBa, E.A. SonoToBepxas, C.C. ladT, H.B. NanuHa, B.J1. PeiHiok

Hay4HO-KNMHUYECKINIA LEHTP TOKCUKoMorum um. akagemunka C.H. fonvkosa ®epepanbHOro Meamnko-61oiorm4eckoro areHTcTea,
CaHkT-lNeTepbypr, Poccus

BeepeHue. [MNpeononoxeHne 0 BANAHUM TEMNePaTypbl OKPY>KaloLLEN Cpeabl Ha MPOSIBNEHMS ankoroibHOM MHTOKCUKALIMN CAENaHO OaBHO,
O[lHaKO OTArOLLEHNE OCTPOW anKOoroflbHOM MHTOKCUKALMN TEMIOBBIM CTPECCOM OCTaeTCH rmnoTe3on. MexaHnambl 3Toro (peHoMeHa B -
TepaTtype Tak)Xe He OCBELLEHbI.

Llenb. OueHka BAVSAHWSA TEMIOBOrO CTpecca Ha MeTabon3m, TEMIOBOM U HEBPOJIOMTMHECKNUIA CTaTyC CBMHEN MPU OCTPOW ankorofbHOM
VNHTOKCUKaLMW CPEQHEN CTEMNEHN.

Matepuanbl n metoabl. Y ABYX-TDEXMECHAHHbIX CaMUOB CBUHeN nopogpl Nangpac maccon 30-40 Kr, cofepkaBLunxca npu Temneparype
BOo3ayxa 24 1 40 °C, B TeveHe 3 4 NOc/e BHYTPVBEHHOIO BBEAEHNSA 3TaHoa B fo3e 1,2 /Kr oueHnBanm HeBPOOrMHECKNIA CTaTyc, onpeae-
NANN pexTasbHyto TemMnepartypy, rnokasarenv BHELLHEro AblxaHWsi, KpOBOOOpaLLeHWs!, caTypaumio KUCIOPOAOM reMoriobrnHa aptepuans-
HOW KPOBW, KNCNOTHO-OCHOBHOE COCTOSIHME, ra30Bbl COCTaB M BUOXMMUYECKIE MoKa3aTen BeHO3HOW KpoBu. CTaTUCTUYECKMIA aHann3
BbIMOJHSANM C MOMOLLLBIO MPOrpaMMHOro obecneveHus OriginPro.
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Pe3ynbTaTthbl. BCe XXNBOTHbIE COXPaHANM peakLmmn Ha 3BYKOBOW 1 6ONEBOM CTUMYSIbl B KOHTPOJE U yTpadmBanu 1x B onbiTe. pn Temnepa-
Type Bo3ayxa 40 °C pekTanbHas Temnepartypa nosbilanach Ha 2,4 °C npu TEHAEHUUM K ee CHKEHMIO B KOHTpoe (24 °C); pa3BrBanoch
TaxmnHoa. Mpu 40 °C B BEHO3HOWM KPOBU Ha 22% CHWXaNoCk HanpshkeHve kucnopopa v Ha 20% — catypaumsi KUCIopoaoM remorfiobnHa
npW VX NOBbILLIEHWN B KOHTPONE Ha 42 1 15% COOTBETCTBEHHO; Ha 16% CHW>XXaNOChb CofeprkaHne rmapokapboHara, passmsanmcb gednumT
BydepHbIX OCHOBaHUIA 1 MeTabonMyeckuin aumaos ¢ nageHnem pH Ha 0,1; ypoBeHb nakTaTa nosbiancs Ha 186%, nupysata — Ha 68%,
amMmmnaka — Ha 152% 1 6akTepuanbHOro sHAoToKcnHa — Ha 40% npy OTCYTCTBUN MX 3HAYMMbIX UBMEHEHWNIA B KOHTPOSE.

BbiBogbl. OcTpasi ankorofibHas MHTOKCUKALMS: CPELHEN CTEMEHN Y CBUHEN B YCIOBUSIX TEMIOBOrO CTPecca KavyeCTBEHHO OTnnyanach
OT TaKOBOW MpW TEMIOBOM KOM(OPTE pasBUTMEM OCTPOW LiepebpanbHo HeJoCTaTOYHOCTY, SKBMBaNIEHTHOM KOME Y YefloBeka, Taxu-
MHO3, BEHO3HOW MMMNOKCEMUM, METAbOIMYECKOrO NakTaT-aunaosa, NMpyBaTeMun 1 SHAOTOKCEMMIN, BKITKOHABLLEN B CeOS rMnepaMmMoHme-
MUK N S3HOOTOKCUHEMUIO. BO3HMKHOBEHME NOA0OHbBIX 3(hEKTOB Yy YenoBeka NOTPEOYET YTOUHEHUS HbIHE MCMOMb3YEMbIX METOLAOB MPO-
FHO3MPOBaHUS N OLIEHKN TSPKECTU aNKoroSibHON NHTOKCUKALINM, OCHOBaHHbIX Ha CBEAEHUSIX O [03e 3TaHona, ero COAepXXaHn B KpoBM
1 BblObIXaEMOM BO3AyXe.

KnioueBble crnoBa: afikorosieHad WHTOKCUKaLWS; TenaoBom CTpecC; KoMa; TaxUMnHO3; MeTaboINHECKIN aunnos; nakrtaumoemMuns;
nmpyeaTtemMuna; rmnepaMMOoHnemMna; aHOOTOKCEMUA,; SHOOTOKCUHEMINA; CBUHBW, NCCNed0BaHNE Ha XXUBOTHbIX

Ons untupoBaHus: ViBHuukun KO.KO., BakyHeHkoBa O.A., 3onotosepxas E.A., ladt C.C., JllanuHa H.B., PelHiok B.J1. OTarouleHne ocTpom
aNIKOrOJIbHOW MHTOKCUKALLN Y CBMHEN MPUY TENTIOBOM CTPECCE: SKCNepUMEHTaNbHOE CCNefoBaHve. SKcTpemasibHas buomeaunumHa. 2026.
https:/doi.org/10.47183/mes.2026-544

®duHaHcupoBaHue. VlccnenoBanme BbINOMHEHO 6€3 CIOHCOPCKOW MNOAOEPMKKM.

CooTBeTCcTBME NpuHUMNamMm 3TMku. llccnegosaHvie BbIMOMHEHO B COOTBETCTBUM C PekomeHaaumern Konnernn EBpasuninckom aKOHOMU-
Yeckol kommcenn Ne 3 ot 14.11.2023 «O PykoBoacTee no paboTe ¢ NabopaTopHbIMI (3KCMEepUMEHTabHbIMW) XXNBOTHLIMY MNP NMpoBeae-
HUW OOKNHUYECKMX (HEKNMHNYECKIX) MCCNeaoBaHui», 04obpeHo Ha 3aceaaHnm broatmndeckoro komuteta OIreY HKLT nm. C.H. Tonvkosa
OMBA Poccum (mpoTokon Ne 6/23 o1 20.12.2023).

MoTeHuunanbHbIi KOHANKT UHTepecoB. B.J1. PeilHiok — 4neH pegakuMoHHOW KoNnernn xypHana «9kcTpemanbHas bromeauumHas.
OcTanbHble aBTOPbI 3aABASOT 06 OTCYTCTBUM KOH(DMKTA MHTEPECOB.

Mcnonb3oBaHue WHCTPYMEHTOB nn. ABTOpr 3aABNIAKOT, YTO NMpW NOAroTOBKE PYKOMUCK HE MCMNONb30BaJICb MHCTPYMEHTLI NCKYCCTBEH-

HOIo UHTEeNNeKTa.

><1 MBHMUKMIA FOpuit FOpbesud neugierig@mail.ru

Ctatbs noctynuna: 24.06.2026 MNMocne gopaboTtku: 13.08.2026 MNpuHaTa k ny6nukauuu: 18.08.2026 Online first: 05.10.2026

INTRODUCTION

In the Northern Hemisphere, a positive correlation be-
tween per capita alcohol consumption and geographical
latitude has been established'. One possible explana-
tion for this pattern is reduced tolerance to ethanol at
lower latitudes, where climatic factors create conditions
predisposing the body to overheating. Epidemiological
data support this hypothesis, showing an increased
mortality rate associated with acute alcohol intoxication
both under exposure to extreme temperatures in a sau-
na [1] and during abnormal heatwaves [2]. However, a
PubMed search conducted up to 6 Nov. 2025 using the
keywords “heat stress AND acute alcohol intoxication”,
“heat stroke AND acute alcohol intoxication”, “heat tol-
erance AND acute alcohol intoxication”, “acute alcohol
intoxication AND body temperature”, or “acute alcohol
intoxication AND ambient temperature” yielded no re-
sults indicating a direct experimental verification of this
hypothesis. The mechanisms underlying the phenom-
enon of reduced alcohol tolerance under heat stress
have not been described in the literature. Studies involv-
ing human volunteers have examined only the effect of
elevated ambient temperature on the toxicodynamics of
ethanol in cases of mild acute alcohol intoxication [3].
For a person engaged in light physical work, heat
stress is considered to occur when the wet-bulb temper-
ature (WBT) of the air exceeds 33 °C. Such conditions,

which correspond to an air temperature of approximately
40 °C at low humidity, are not uncommon in the southern
regions of Russia. At an air temperature of 33 °C, alcohol
contributes to a reduction in the body’s core tempera-
ture [3]. However, it remains unknown whether this ef-
fect persists under conditions predisposing the body to
overheating. Pigs represent a convenient experimental
model for studying the influence of microclimatic condi-
tions on the manifestations of acute alcohol intoxication
because their anatomical features and ethanol metabo-
lism are similar to those in humans [5].

The aim of the study was to assess the impact of
heat stress on metabolism, thermal status, and neuro-
logical status in pigs during experimental modeling of
moderate acute alcohol intoxication.

MATERIALS AND METHODS

A pilot prospective randomized experimental study
with a control group was conducted. The experiment
involved two- to three-month-old male Landrace pigs
weighing 30-40 kg (from the laboratory animal nursery
of LLC “Krolinfo”), which were provided with standard
feed and drinking water ad libitum. Animals were moni-
tored for 14 days prior to the experiment to exclude sick
individuals from the sample. Ten minutes before ethanol
administration, they were given an intramuscular injec-
tion of tiletamine, zolazepam, and xylazine at a dose of

' Global status report on alcohol and health 2018. Geneva: World Health Organization; 2018.
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0.5 mg/kg each. This provided a sedative effect lasting
up to 15 min, which was sufficient for animal restraint
and ethanol administration. The pigs were secured with
tape on stretchers in the ventral (prone) position. The
experiments were carried out in accordance with the
Recommendation of the Board of the Eurasian Economic
Commission No. 33 dated 14 Nov. 2023 “On the
Guidelines for Working with Laboratory (Experimental)
Animals in Preclinical (Nonclinical) Studies”.

Moderate acute alcohol intoxication was induced
by infusion into the veins of the ear pinnae of a mixture
comprising 7 parts of physiological saline and 3 parts
of 96% ethanol, administered at a volume of 5 mL per
kilogram of animal body weight (resulting in an ethanol
dose of 1.2 g/kg). Under these conditions, the maximum
blood concentration (C) reached 1.7 g/L (Equation 1):

C=A/Pxn), )

where C is the maximum blood ethanol concentra-
tion; A is the mass of ethanol (g); P is the animal’s body
weight (kg); and r is the distribution factor, assumed to
be 0.7 [6]. The infusion method was preferred over intra-
gastric administration to exclude the influence of uncon-
trolled factors and climatic conditions on the toxicokinet-
ics of ethanol.

Two randomized groups of six animals each were
formed using a random number generator?. After etha-
nol administration, the animals were placed for 3 h in
rooms with an air temperature of 24 + 0.3 °C and a rela-
tive humidity of 44.3 + 0.2% (control) or 40 + 0.4 °C and
a relative humidity of 40.6 + 0.2% (experimental). These
conditions were monitored using Testo 622 thermohy-
grometers (Testo, Germany) and VIT-2 psychrometer hy-
grometers (First Thermometer Plant, Russia); one of the
thermometers was wetted.

Respiratory rate (breaths/min) and minute ventilation
(L/min) were measured hourly using the Spiro Spectrum
hardware software complex (Neurosoft, Russia); heart
rate (beats/min) was monitored with the Mindray uMec
12VET patient monitor (Mindray, China); systolic and
diastolic blood pressure (mm Hg) were assessed with
the PETMAP Graphic Il veterinary tonometer (Cardio
Command, USA); rectal temperature (°C) was record-
ed with the MR 402 sensor (Mindray, China); and arte-
rial hemoglobin oxygen saturation (SpO,, %) was deter-
mined by pulse oximetry using the 562A clip as part of
the Mindray uMEC 12 VET patient monitor. Visual obser-
vation of the animals with assessment of neurological
status was carried out continuously for 3 h after etha-
nol administration. The absence of a motor response to
an auditory stimulus (a hand clap) while preserving the
response to a painful stimulus (pinching the ear pinna
with fingers) was regarded as stupor; the absence of all
sensorimotor reflexes, except for the corneal reflex, was
regarded as coma. Upon completion of the exposure
period in the thermal chamber, the pigs were released

from restraints and returned to normal microclimatic
conditions. A follow-up examination performed 16 h later
revealed that motor activity in all animals corresponded
to the pre-experimental levels.

Venous blood samples were collected from the ear
veins prior to and 3 h after ethanol administration to the
animals. A portable EPOC analyzer with an EPOC BGEM
cartridge (AG Siemens, Germany) was used to assess
energy metabolism status, acid-base balance param-
eters, blood gases, hemoglobin, and hematocrit.

Plasma glucose and lactate levels were determined
using an A-25 biochemical analyzer (BioSystems,
Spain) with the Glucose reagent kits (BioSystems,
Spain) and Lactate-Vital reagent kits (Medical
Innovative Technologies, Russia). Ammonia concen-
tration was measured spectrophotometrically using
the “Ammonia Ultra” reagent kit (Sentinel Diagnostics,
ltaly). Urea content was determined after its hydroly-
sis to ammonia, employing the Urea UV reagent kit
(BioSystems, Spain). Creatinine was simultaneous-
ly determined spectrophotometrically via the reac-
tion with picric acid at A = 500 nm, and albumin was
measured via the reaction with bromocresol green at
A = 630 nm. Endotoxin was detected using the LAL
reagent in the gel-clot test format with an ALPYR Test
reagent kit (Algimed Techno, Russia). To enhance the
sensitivity of the method, samples were incubated at
65 °C for 30 min prior to dilution and mixing with the
LAL reagent, followed by centrifugation; this procedure
released endotoxin from the bound state into the free
state [7]. Pyruvate was determined in the protein-free
blood supernatant using the Pyruvate UV-Abris rea-
gent kit (ABRIS+, Russia).

The results are presented as the mean and its stan-
dard error (M + m). Data visualization and assessment
of the effect of pathogenic factors on the studied quan-
titative parameters were performed using two-way
ANOVA with OriginPro 8.1 software. When the obtained
models were significant, post-hoc pairwise compari-
sons of group means were performed using Tukey’s
test. Normality of the distribution was assessed with
the Shapiro-Wilk test. The significance of differences in
dependent samples (when evaluating the parameter dy-
namics) was evaluated using the Wilcoxon signed-rank
test. The critical significance level a was set at 0.05.

RESULTS

At room temperature, the alcohol-exposed animals re-
tained all sensorimotor reflexes throughout the entire
observation period. Under elevated air temperature con-
ditions, the response to both auditory and painful stimuli
was absent in all animals for at least 1 h. In the data
presented below, all statements regarding intergroup
differences imply statistical significance (p < 0.05); if no
statistical significance was found, the differences are re-
ported as a trend.

2 RandStuff. URL: https://randstuff.ru/number/
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Fig. 1. Dynamics of rectal temperature in pigs exposed
to different air temperatures for 3 h after ethanol
administration. Data are expressed as mean + standard
error (M + m); n = 6. Significant differences (p < 0.05):
* compared with the baseline value; ¥ compared with
the “Exposure at 24 °C” group

At room temperature, rectal temperature tended to
decrease after ethanol administration. Under elevated air
temperature conditions, it exceeded the baseline value
by 2.4 °C and the value in the control group by 3 °C at
the 3-h time point (Fig. 1).

At room temperature, the external respiratory param-
eters did not show significant changes. Under elevated
temperature conditions, the animals exhibited dyspnea;
the respiratory rate increased by a factor of 2.1, and the
minute ventilation exceeded the control value by a factor
of 1.7 (Fig. 2).

Heart rate, blood pressure, hematocrit, and hemo-
globin levels in the experimental group of animals did
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not show significant changes over the 3-h observation
period and did not differ significantly from those in the
control group: heart rate, 113 + 4 vs. 115 + 12 beats/min;
systolic blood pressure, 151 + 10 vs. 132 £ 2 mm Hg;
diastolic blood pressure, 95 + 11 vs. 85 + 10 mm Hg;
hematocrit, 34 + 1 vs. 32 + 1%; hemoglobin, 114 + 2
vs. 105 + 1 g/L. Arterial hemoglobin oxygen saturation
remained within the 90-93% range throughout the en-
tire observation period in all pigs and showed no sub-
stantial intergroup differences.

The venous blood acid-base parameters — pH, base
excess, and bicarbonate concentration — decreased
in both animal groups; the decrease was more pro-
nounced in the animals kept at 40 °C (Fig. 3A, B, F). The
blood oxygen tension in pigs kept at 40 °C decreased
by 22%, whereas it increased by 42% in the control
group (Fig. 3C). Venous hemoglobin oxygen satura-
tion decreased from 83.2% to 66.7% at 40 °C, while
it increased from 79.5% to 91.3% in the control group
(Fig. 3E). Blood carbon dioxide tension tended to de-
crease in both groups; this trend was statistically signifi-
cant in the animals kept at 24 °C and amounted to a 15%
reduction (Fig. 3D).

Under elevated air temperature, against a back-
ground of a tendency toward hypoglycemia, lactic acid
accumulated in the blood, with its level being 186%
higher than the baseline value; in the control group,
similar directional changes did not reach statistical sig-
nificance. Under heat stress, the lactate level exceed-
ed the glucose level by 54%, whereas prior to ethanol
administration, the ratio was reversed in both groups
(Fig. 4A, C). Pyruvic acid accumulated only in the blood
of pigs kept at elevated temperature; its level was 68%
higher than the baseline value in these animals. The
lactate-to-pyruvate concentration ratio increased by
114% in animals kept at 24 °C and by 68% in those
kept at 40 °C (Fig. 4B, C).
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Fig. 2. Dynamics of external respiratory parameters in pigs exposed to different air temperatures for 3 h after
ethanol administration. Data are expressed as mean + standard error (M + m); n = 6. Significant differences (p < 0.05):
* compared with the baseline value; T compared with the “Exposure at 24 °C” group
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Fig. 3. Venous blood acid-base status and blood gases in pigs 3 h after ethanol administration and subsequent
exposure to air temperatures of 24 °C or 40 °C. A, pH; B, base excess; C, temperature-corrected oxygen tension; D,
temperature-corrected carbon dioxide tension; E, oxygen saturation; F, bicarbonate concentration. Data are expressed as
mean =+ standard error (M + m); n = 6. Significant differences (p < 0.05): * compared with the baseline level; T compared

with the “Ethanol + 24 °C” group

The ammonia level in the pigs’ blood plasma was
approximately one order of magnitude higher than the
normal values for humans [8]. Three hours after ethanol
administration, it increased by 152% in animals kept at
elevated air temperature and, as a trend, by 51% in those
kept at room temperature (Fig. 4D). Blood urea (Fig. 4E)
and creatinine (Fig. 4F) levels did not change significantly
and showed no substantial intergroup differences.

In pigs kept at 40 °C, the plasma endotoxin level 3 h
after ethanol administration exceeded the baseline value
by 40%, whereas no substantial changes were observed

EXTREME MEDICINE | 2026

in the control group (Fig. 4G). Plasma albumin levels did
not show substantial changes in either group (Fig. 4).

DISCUSSION

At a relative humidity of 40.6 + 0.2%, an air tempera-
ture of 40 °C corresponds to a wet-bulb temperature
of 29.2 + 0.1 °C. This is below the heat stress threshold
for a human performing light physical work (33 °C) [4].
However, as indicated by the thermometry data, heat
stress developed in pigs even under the conditions of
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Fig. 4. Energy and nitrogen metabolism parameters and endotoxin levels in venous blood of pigs 3 h after
ethanol administration and subsequent exposure to air temperatures of 24 °C or 40 °C. Data are expressed as
mean =+ standard error (M + m); n = 6. Significant differences (p < 0.05): * compared with the baseline level; T compared
with the “Ethanol + 24 °C” group
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this experiment (Fig. 1), which may be attributed to the
absence of functional sweat glands in their skin, except
for the skin of the snout [9]. The rectal body tempera-
ture in the experimental group (40.7 °C) did not reach
the threshold for irreversible tissue damage (43 °C) [10].
However, ethanol-treated pigs showed signs of meta-
bolic acidosis: depletion of the bicarbonate pool, deficit
of buffer bases, decreased plasma pH, lactic acidem-
ia, and pyruvic acidemia. The clinical manifestation of
metabolic acidosis — tachypnea — was observed un-
der heat stress conditions but not under heat-comfort
conditions.

One of the potential contributors to metabolic aci-
dosis in animals of both experimental groups may have
been the accumulation of acetic acid — a product of
ethanol oxidation — in the blood. Under isolated etha-
nol exposure, this factor could have been the primary
cause, as pyruvate did not accumulate in the blood, and
lactic acidemia was observed only as a trend. In the
control group of pigs, no pronounced clinical signs of
acute energy deficit were observed: there was no inten-
sification of external respiration or cerebral insufficiency
manifested as stupor or coma. The oxygen content in
their venous blood increased, while the carbon dioxide
content decreased. Given the preservation of normal ar-
terial blood oxygen saturation, this indicated a reduced
tissue oxygen demand and, consequently, a lower en-
ergy requirement.

Under heat stress at 40 °C, lactic acid and pyruvic
acid became significant contributors to acidosis. Their
accumulation in the blood reflected the compensation
of impaired oxidative phosphorylation by glycolytic me-
tabolism, which was manifested by an inversion of the
lactate-to-glucose ratio. The increased intensity of ex-
ternal respiration also indirectly indicated a systemic ATP
deficit. Due to the high affinity for NAD* of predominantly
cytosolic enzymes — alcohol dehydrogenase and ac-
etaldehyde dehydrogenase — the ATP demand of tis-
sues metabolizing ethanol could not be met by oxidation
of cytosolic NADH. The accumulation of NADH in the
cytosol is indicated by the increased lactate-to-pyruvate
ratio in venous blood. Given the preserved capacity of
tissues to utilize oxygen, the efficiency of oxidative phos-
phorylation was the factor limiting ATP resynthesis in the
organism. This possible uncoupling is indicated by the
decreased oxygen content in venous blood despite nor-
mal arterial oxygen saturation, as well as by the stable
carbon dioxide tension in blood, even in the presence of
metabolic acidosis. At the same time, due to the dead
space in the upper airways, the increased ATP demand
could not be fully met by an elevated respiratory rate.
This is evidenced by a 0.1 unit drop in blood pH — one
of the most stable homeostatic parameters — as well as
by the development of coma in the animals.

Acute alcohol intoxication under heat stress condi-
tions was accompanied by endotoxemia, the specific

manifestations of which included hyperammonemia and
endotoxinemia. These changes were not attributable to
hemoconcentration, given the absence of substantial al-
terations in hematocrit, hemoglobin, plasma creatinine,
and albumin levels. The clinical significance of endotox-
emia can be accessed via cross-species extrapolation.
In humans, a 2.52-fold increase in blood ammonia levels
above the upper limit of normal (from 60 pM to 151 uM)
would be classified as moderate hyperammonemia®,
which is typically associated with acute cerebral insuffi-
ciency [8] — a condition that was observed in pigs in this
study. A 40% rise in plasma endotoxin levels in humans
would lead to cytokine system activation [11], which in
pigs may have contributed to the development of hyper-
thermia and dyspnea.

The intestine is the primary source of blood ammonia
and endotoxin. Increased intestinal permeability, com-
bined with dysbiosis, is characteristic of heat stress in
both pigs [9] and humans [10]. Under metabolic acido-
sis, ammonia diffuses from the blood into the brain along
the concentration gradient of its neutral form (NH,), even
in the absence of hyperammonemia. This direction of
diffusion is driven by the more pronounced decrease in
pH (and thus in [NH,]) in the cytoplasm compared to that
in the blood plasma [12]. It can be hypothesized that the
resulting intensification of ammonia influx from the blood
into the brain led to cerebral swelling due to glutamine
accumulation in astroglia [12]. The synergism between
ammonia and endotoxin, along with their multiple mech-
anisms of acute neurotoxicity [13], supports the hypoth-
esis that endotoxemia contributed to the development of
the acute cerebral insufficiency observed in the animals.
In light of the obtained data, it is of interest to evalu-
ate the effect of interventions for the prevention of acute
intestinal endotoxemia — in particular, local abdominal
cooling [14] — on the severity of acute alcohol intoxica-
tion under heat stress conditions.

Given the exploratory nature of the present study,
several limitations should be acknowledged: the limited
animal sample size precluded the formation of groups
exposed to isolated heat stress or to procedures in-
volving ethanol infusion. In addition, catheterization of
the cranial vena cava to assess changes in acid-base
status and blood gas composition was not performed.
Addressing these limitations defines the prospects for
future research.

CONCLUSIONS

Acute moderate alcohol intoxication in pigs under heat
stress differed qualitatively from that under heat-com-
fort conditions as evidenced by the emergence of
acute cerebral insufficiency — equivalent to coma in
humans — as well as by the development of tachyp-
nea, hypoxemia, pyruvatemia, and endotoxemia, which
included hyperammonemia and endotoxinemia. Under

8 Lazebnik LB, Golovanova EV, Alekseenko SA, Bueverov AO, Plotnikova EYu, Dolgushina Al, et al. Russian Consensus on Hyperammonemia in Adults
(2021 Version). Experimental and Clinical Gastroenterology. 2021;187(3):97-118.

EXTREME MEDICINE | 2026



OPUTNMHAJIbHASA CTATbA | TOKCUKONOIMA N KNIMHUYECKASA ®APMAKOJIOIMAA

heat stress, the metabolic acidosis induced by acute evaporative heat loss. If such extrapolation is feasible,
alcohol intoxication was exacerbated. Extrapolation  methods for predicting and assessing the severity of
of the obtained data to humans may be complicated alcohol intoxication will need to be refined — based on
by the presence of sweat glands over the entire skin  data regarding the dose of ingested ethanol, its con-
surface in humans, which enables more efficient centration in blood, and in exhaled air.
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