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Adaptation to cold stress is a critical process for maintaining viability under extreme low-temperature conditions.
This process activates complex neurohumoral mechanisms that ensure thermogenesis, homeostasis, and functional
stability of the organism. One of the key research areas is the study of synthetic neuropeptides, such as dalargin,
which are capable of reducing cellular stress, preventing apoptosis, and promoting cell proliferation. However, the
effects of this peptide on key markers of nitrogen metabolism, such as creatinine and urea, under prolonged cool-
ing conditions remain insufficiently studied. The aim of this work was to assess the impact of dalargin on nitrogen
metabolism markers (urea and creatinine) in guinea pigs under chronic cold stress (CCS) and to investigate the
mechanisms underlying its protective effects. The experiment was conducted on guinea pigs, which were subjected
to CCS through reduced ambient temperature. The results showed that CCS caused an increase in urea levels and a
decrease in creatinine levels, indicating disturbances in nitrogen metabolism, enhanced catabolism, and impaired
kidney function. Administration of dalargin led to a reduction in urea levels, but creatinine levels remained similar
to those of the CCS group, indicating the selective nephroprotective effect of dalargin. To further explore the mech-
anisms of this action, the synthetic neuropeptide antagonist, naloxone, was used. The results demonstrated that
naloxone administration partially reduced urea levels but did not restore the parameters to control levels. The data
obtained confirm the role of opioid regulation in cold stress adaptation and indicate the potential of dalargin to cor-
rect nitrogen metabolism disturbances under CCS. These findings open prospects for the use of neuropeptides in the
treatment of metabolic disorders under extreme temperature conditions.

Key words: adaptation, cold stress, hypothermia, homeothermic animals, protein metabolism, blood biochemical
parameters, dalargin, cryobiology.

Connection of the publication with planned re-
search works.

restructuring of energy metabolism to support thermo-
genesis and maintain internal homeostasis [1, 2, 3, 4].

The study was conducted within the framework
of research project “Investigation of the protective ef-
fects of synthetic neuropeptide analogs on the body
of homeothermic animals and isolated cells exposed
to cold stress,” state registration number 2.2.6.136
(0121Vv100384).

Introduction.

Metabolic adaptation of the organism to low tem-
peratures is a highly relevant topic in contemporary
experimental and clinical physiology, as it ensures the
maintenance of homeostasis, energy balance, and vi-
ability under cold stress conditions. Investigating the
molecular mechanisms underlying this adaptation is
essential for developing effective strategies to prevent
and correct disorders caused by extreme temperature
exposure. It is well established that cold exposure acti-
vates complex neurohumoral mechanisms that induce a

In recent years, increasing attention has been directed
toward the role of neuropeptides as potential modula-
tors of these adaptive responses. Of particular interest
are dalargin, a synthetic analog of Leu-enkephalin, and
naloxone, a competitive opioid receptor antagonist [5,
6]. Contemporary research highlights the cytoprotective
and anti-inflammatory properties of opioid peptides
in various models of cellular stress. For instance, the
synthetic Leu-enkephalin analog D-Ala®-Leu®-enkeph-
alin (DADLE), which selectively activates delta-opioid
receptors, has been shown to enhance the viability of
human mesenchymal stem cells under serum depriva-
tion through activation of the delta-opioid receptor—
phosphoinositide 3-kinase—protein kinase B signaling
pathway (DOR/PI3K/AKT) [7]. Moreover, DADLE has
been demonstrated to reduce reactive oxygen species
production, increase the expression of the anti-apoptot-
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ic protein, and suppress the expression of pro-apoptotic
proteins in human umbilical cord-derived mesenchymal
stem cells subjected to oxidative stress [8]. Studies also
show that opioid neuropeptides, particularly synthetic
Leu-enkephalin (dalargin), help preserve proliferative
potential, reduce apoptosis and necrosis, and thereby
support cellular function and metabolic homeostasis
under stress conditions [5, 6]. Despite the growing body
of literature, the effects of dalargin and naloxone on en-
ergy metabolism under chronic cold stress (CCS), and
the mechanisms underlying their protective actions, re-
main insufficiently explored. In particular, little is known
about changes in nitrogen metabolites — creatinine and
urea — which serve as indirect but informative markers
of amino acid catabolism and general metabolic repro-
gramming. Analyzing these parameters provides deeper
insight into the mechanisms of cold adaptation and the
potential of neuropeptides to modulate systemic metab-
olism.

The aim of the study.

To evaluate the effects of dalargin and naloxone on
nitrogen metabolism parameters — specifically, serum
creatinine and urea concentrations — in guinea pigs
under conditions of chronic cold stress, and to elucidate
the mechanisms underlying their protective actions.

Object and research methods.

The study was conducted on sexually mature male
guinea pigs of the Dunkin-Hartley strain, aged 5-6
months, with an average body weight of 600—-800 g. The
animals were housed under standard vivarium condi-
tions at the Institute for Problems of Cryobiology and
Cryomedicine, National Academy of Sciences of Ukraine.
All animal procedures were performed in accordance
with the guidelines and recommendations of the Europe-
an Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Council of Europe, Strasbourg, 1986). The experimental
protocol was approved by the Bioethics Committee of
the Institute for Problems of Cryobiology and Cryomedi-
cine, NAS of Ukraine (Protocol No. 5, dated 22.11.2022).

The animals were randomly divided into three
groups: Intact group — animals not exposed to CCS,
maintained at a constant temperature of 18°C; Control
group —animals administered 0.5 mL of physiological sa-
line subcutaneously 30 minutes prior to CCS induction;
Dalargin group —animals administered dalargin at a dose
of 100 ug/kg subcutaneously 30 minutes prior to CCS in-
duction; The group of animals that received a combined
subcutaneous injection of naloxone and dalargin at a
dose of 100 ug/kg, administered 30 minutes prior to the
induction of chronic cold stress (CCS). Forty-eight ani-
mals were involved in the experiment, divided into four
groups of 12 animals each.

Chronic cold stress (CCS) was modeled according to
the method described in [9], adapted for laboratory con-
ditions by modifying the temperature regimen to ensure
reproducibility of the stress response while maintaining
ethical standards of animal care. The animals were alter-
nately exposed to temperatures of 18°C and 4°C: initially
for 1 hour, followed by a 5-day cycle of alternating 12
hours at 4°C and 12 hours at 18°C. On day 6, the stress
exposure was terminated, and blood samples were col-
lected via jugular vein puncture.

Urea concentration in blood serum was determined
using an enzymatic method based on urease and gluta-

mate dehydrogenase (GLDH) with absorbance measured
at 340 nm. Creatinine concentration was measured
using a colorimetric method based on the reaction with
picric acid at 520-540 nm. Standard diagnostic kits were
used for the analysis (“Cormay Urea” and “Cormay Cre-
atinine,” Poland) according to the manufacturer’s proto-
cols. The results were expressed in mmol/L for urea and
umol/L for creatinine.

Data Analysis: Statistical analysis was performed
using Statistica 10 (StatSoft, USA) and Excel (Microsoft,
USA). Normality of distribution was assessed using the
Shapiro—Wilk W-test. Experimental results are present-
ed as mean t standard deviation for data with normal
distribution. Statistical significance of differences be-
tween groups was assessed using the Mann—-Whitney
U-test. Differences were considered statistically signifi-
cant at p<0.05.

Research results and their discussion.

The results of the biochemical analysis presented in
table demonstrate changes in the concentrations of the
key nitrogen-containing metabolites — creatinine and
urea — in the blood serum of guinea pigs under condi-
tions of cold stress and following pharmacological cor-
rection using dalargin and naloxone.

Inthe intact group, the creatinine level was 38.50+1.4
umol/L, corresponding to the physiological norm for
this species. In animals subjected to chronic cold stress
(CCS), a statistically significant 1.2-fold decrease in cre-
atinine concentration was observed (p<0.01). This trend
likely reflects a reduction in muscle activity or catabolic
processes due to adaptation to prolonged cold expo-
sure, aligning with literature reports on suppressed cre-
atine metabolism under stress [10, 11]. Administration
of dalargin did not lead to notable changes in creatinine
levels, which remained similar to the CCS group, indicat-
ing that dalargin was ineffective in normalizing this pa-
rameter. At the same time, in the group of animals that
received a combined administration of naloxone and da-
largin under conditions of chronic cold stress (CCS), the
creatinine level was 36.5 £ 0.5 umol/L and did not differ
statistically from the values of the intact control group.
This may suggest that naloxone, as an opioid receptor
antagonist, influences creatinine levels not through
classical opioid mechanisms but indirectly — possibly by
attenuating the effects of endogenous opioids that, in
response to CCS, may contribute to hypercatabolism or
vasoconstriction, thereby impairing renal perfusion. By
blocking these effects, naloxone may stabilize renal func-
tion and reduce creatinine production or retention. In
other words, under CCS, the effects of endogenous opi-
oids may be not only protective but also dysregulatory,
explaining why creatinine levels in the naloxone group
were closer to physiological norms.

Table — Creatinine and urea concentrations in
animal blood serum under different experimental

conditions
EE Parameters
Creatinine, (umol/L)| Urea, (mmol/L)
Intact group 38.50+1.4 6.25+0.12
Chronic cold stress (CCS) 31.17+0.4* 7.35+0.2*
CCS + dalargin 30.67+0.3* 5.73+0.1#
CCS + dalargin + naloxone 36.50+0.5# 7.15+0.6

Notes: * — statistically significant compared to the intact group
(p<0.05); # — statistically significant compared to CCS (p<0.05).
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Unlike creatinine, urea levels changed in the opposite
direction. In animals exposed to CCS, a statistically signif-
icant increase in urea concentration was recorded — up
to 7.35+0.2 mmol/L (p<0.05) compared to intact controls
—suggesting activation of protein catabolism or impair-
ment of renal excretory function, both typical responses
to stress [12]. Pre-treatment with dalargin significantly
reduced urea levels — by 1.3 times compared to the CCS
group (p<0.05), with the value even falling below that of
the intact control. This effect may reflect the anti-stress
action of dalargin, reduction in catabolic activity, and im-
provement in renal function under stress. A particularly
noteworthy finding was observed in the naloxone group:
urea levels remained elevated (7.15+0.6 mmol/L), and
although not statistically different from the intact group,
they were significantly higher—by 1.3 times—compared
to the dalargin-treated group (p < 0.05). This suggests
that the nephroprotective effect of dalargin is mediated
via activation of opioid receptors, and that naloxone par-
tially negates these beneficial effects, which is consistent
with previous studies [5, 6]. Naloxone alone does not
exert a protective effect on nitrogen metabolism under
cold stress, nor does it compensate for stress-induced
dysfunction or modulate catabolism or renal excretion.

These results confirm the important role of endoge-
nous opioid peptides in regulating nitrogen metabolism
and supporting the homeostatic response of the organ-
ism under prolonged cold stress. Specifically, CCS leads
to altered concentrations of major markers of nitrogen
metabolism — urea and creatinine — indicating disrup-
tions in metabolic homeostasis and renal function. The
obtained data align with previous findings [13, 14], which
reported that stress, particularly low temperatures, can
destabilize metabolism and reduce antioxidant activity
in renal tissue, ultimately leading to impaired kidney
function. In this context, the role of opioid neuropep-
tides, such as dalargin, can be considered a crucial ele-
ment of the adaptive response aimed at stabilizing nitro-
gen metabolism and maintaining the functional activity
of vital organs. Telegtéw A et al. [15] also confirmed the
impact of prolonged cold stress on kidney function,
particularly through a decrease in antioxidant defense.
In @ human who spent 50 days in extremely low tem-
peratures, reduced levels of urea and creatinine in urine
were found, indicating activation of cold adaptation
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mechanisms. Yang Y. et al. [16] reported significant dis-
turbances in lipid metabolism, gluconeogenesis, and the
functional activity of the liver and kidneys in rats under
cold stress, with elevated plasma creatinine indicating
disrupted metabolic processes and renal function. In an-
other study [17], researchers assessed leucine and urea
metabolism in humans during short-term cold exposure.
The results showed increased protein catabolism, which
may affect urea levels in the body. Thus, our findings are
consistent with the conclusions of Henry et al. [18], who
emphasized the significance of endogenous opioid pep-
tides, particularly enkephalins, in the regulation of stress
resilience, especially under conditions of chronic cold
stress. Enkephalins participate in neuroendocrine and
metabolic adaptation, supporting homeostasis during
stress. Dalargin, a synthetic analogue of Leu-enkephalin,
exhibits anti-stress and nephroprotective effects under
cold stress, stabilizing nitrogen metabolism and reduc-
ing protein catabolism. A comparison with naloxone sug-
gests that dalargin’s protective effects are mediated via
activation of opioid receptors, facilitating adaptation to
stress. These findings support the rationale for further
exploration of opioid modulation of metabolic processes
under stress conditions and the potential of dalargin as
an adaptogenic agent for use in cold or other extreme
environments.

Conclusions.

Chronic cold stress disrupts nitrogen metabolism
in guinea pigs, as evidenced by increased urea and de-
creased creatinine concentrations in blood serum. Da-
largin reduces urea levels but does not normalize cre-
atinine, whereas the effects of naloxone support the
involvement of opioid regulation in cold adaptation.

Prospects for further research.

The results obtained outline promising directions for
further investigation into the role of the opioid system in
the mechanisms of metabolic adaptation to cold stress.
Future studies should evaluate the effects of dalargin
under combined stress conditions (e.g., cold combined
with hypoxia) and in pathologies associated with dis-
turbances in protein and nitrogen metabolism. Special
attention should be paid to the potential of dalargin as
an adaptogenic agent under wartime conditions, where
maintaining physiological resilience to extreme stressors
is particularly relevant.

Moavnauia ASOTUCTOro METAeOI3MY MNi4 BNJinBOM XPOHIYHOIoO
XON10A40BOro CTPECY Y MOPCbKUX CBUHOK: PO/Ib AANAPTIHY TA HAJIOKCOHY
B PEANIBALII MPOTEKTOPHOIO E®PEKTY

IHcTUTYT Npo6nem Kpio6ionorii i Kpiomeguumuu HAH Ykpainum (m. Xapkis, YKpaiHa)
ukrainanataliy@gmail.com

Adanmauyis opaaHizamy 00 X010008020 CMPECY € BAHIUBUM MPOUECOM 015 MiIOMPUMAHHA HUMME3OAMHOCMI 8
eKcmpeMasnbHUX yMo8ax HU3bKux memmnepamyp. Leli npoyec akmusye cKnadHi Helipo2ymopasnbHi MexaHiamu, AKi
3a6e3ne4yyroms mepmozeHes, 20Meocma3 ma cmabinbHicmoe ¢yHKYil opeaHiamy. OOHUM i3 KA0Y0B8UX HAMPAMKIE
00Cni0xeHb € 8UBHEHHA CUHMeMUYHUX Helipornnenmudis, MaKux AK 0aAap2iH, AKi 30aMHi 3HUXY8amu KAimuHHUU
cmpec, 3anobieamu anonmo3y ma cnpusmu nposigepayii KaimuH. OOHAK 6naue ubo2o nenmuoy HA pieeHb
OCHOBHUX MApKepie a3omucmoao 0bMiHY, MAKUX AK KpeamuHiH ma ce4osuHd, npu mpuseasaomy OXOn00H(eHHI
30/7UWAEMbBCA HeoCMamHbo sus4yeHuUM. Memoto yiei pobomu byao0 ouyiHumu enaue oanapeiHy HA MoKA3HUKU
a3omucmozo 0bMiHy (Cevyo8UHA | KpeamuHiH) y MOPCbKUX CBUHOK 3a YMO8 XPOHi4H020 xon10008020 cmpecy (XXC)
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ma eusHa4YuMmu wWaasaxu peasnizayii npomexkmopHoi Oii ybo2o nenmudy. [na nposedeHHA eKcrepumeHmy 6ysa0
BUKOPUCMAHO MOPCbKUX CBUHOK, AKUM Moodentosanu XXC yepe3 3HUMCEHHA memrepamypu HOABKOAUWHbO20
cepedosuwa. Pezynemamu rnokazanu, wjo XXC cnpu4uHaAs nid8uweHHA cCe408UHU MA 3HUXEHHA KpeamuHiHy, uo
BKA3YE HA MOPYWEHHA a30mMuUcmoa0o 0OMiHy, nocuneHHa Kamaboniamy ma 3HUMEHHA YHKUii HUPOK. BeeOeHHs
danapeiHy rnpu3eesno 00 3HUMEHHSA PiBHA Ce408UHU, OOHAK pieeHb KpeamuHiHy 3aaUWa8csa Ha pieHi MeapuH, Nio0aHuUX
minbKu XXC, wo eKasye Ha subipkosicme (io2o HehpornpomexkmopHoi Oii. [ns 3'acyeaHHA mexaHiamie yiei 0ii byno
BUKOPUCMAHO OHMA20HICM CUHMEMUYHO20 Helipornenmudy — HaAO0KCOH. Pe3yansmamu 00cni0xceHsb NoKa3anu, wo
88e0eHHA HA/I0KCOHY YaCMKOB80 3MeHWY8as10 pieeHb ce4o8UHU, Mpome He 3abe3rne4ysasno No8HO20 8i0HOBAEHHA
MOKA3HUKI8 00 pieHA IHMAKMHO20 KOHMpPoso. Ompumari 0aHi niomeepousu poss onioioHoi peaynayii 8 adanmauyii
00 X0/10008020 cMpecy Mma 8KA3yrMb Ha 30amMHicmb 0anap2iHy Kopu2ysamu nopyweHHA a30mucmoz0 0O6miHy npu
XXC. Lle siokpueae nepcriekmusu 0715 8UKOPUCMAHHA Heliporienmuodis y niKy8aHHi MemabosiyHux nopyweHs 3a

YMO8 eKcmpemMasibHUX memnepamyp.

Knrouoei cnoea: adanmauyis, xonodosuli cmpec, 2inomepmis, 2o0moliomepmHi meapuHu, binkosuli Memaboi3m,

bioxiMi4Hi MOKA3HUKU Kpoei, 8anapeaiH, Kpiobionoeais.

38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-JoCAIA-
HUMK poboTamu.

[ocnigkeHHA BMKOHaAHO B pamkax HAP «[ocnig-
YKE€HHA 3aXUCHOI Aii CUHTETUYHMX aHaNOoriB HelponenTu-
AiB Ha OpraHiam romoMOTEPMHMX TBAPWH Ta i30/1bOBaHi
KNITWUHK, NigaaHi XoNo40BOMY CTPECy», HOMep AeprKaBs-
Hoi peecTpauii 2.2.6.136 (0121V100384).

Bcryn.

MeTaboniyHa aganTauis opraHiamy Ao Aii HU3bKUX
TeMMepaTyp € aKTyasbHUM HAMPAMOM Cy4acHOI eKcre-
PUMEHTaNbHOI Ta KANiHiYHOI disionorii, ocKinbKM 3abes-
neyye 3bepexeHHA romeocTasy, eHepreTUYHoi PiBHO-
Barn Ta YKMTTE3LATHOCTI B YMOBAxX X01040BOro CTpecy.
JocnifyKeHHA MONEeKyNAPHUX MeXxaHi3mis Uil afan-
TaLil Ma€e BaXK/MBe 3HAYEHHA ANA PO3POOKM edeKTUB-
HUX Migxoais A0 NPOdiINaKTUKM 1 KOpeKLii nopyLweHb,
CNPUYMHEHUX BMJIMBOM EKCTPEMasibHUX Temnepatyp.
BcTaHOBNEHO, WO OXONOAMKEHHA aKTUBYE CKNAAHI Hel-
porymopanbHi MexaHiamu, sKi 3abesneuvyioTb nepeby-
[OBY €eHepreTMYHoro 06MiHy 3 MeTOoK MiATPUMaHHA
TepmoreHesy Ta CTabifIbHOCTi BHYTPILLHbOrO romeocTasy
[1, 2, 3, 4]. MpoTarom oCTaHHbLOTO AECATUAITTA Y GOKYCI
[ocnigxeHb nepebyBae pPosib HEMPONENTUAIB AK NOTEH-
LiMHUX MOAYNATOPIB UMX aAanTUBHUX peakuin. Ocobnu-
BY yBary npmMBepTatoTb AanapriH — CUHTETUYHWUIN aHanor
nen-eHkedaniHy, Ta Ha/lOKCOH — KOHKYPEHTHUI aHTa-
roHicT onioiaHux peuenTopis [5, 6]. CyvacHi gocniarKeH-
HA OEMOHCTPYIOTb LIUTONPOTEKTOPHI Ta NPOTM3ananbHi
B/IACTMBOCTI OMiOigHUX NenTUAiB Yy MOAENAX KNITUHHO-
ro ctpecy. 30Kkpema, A0BEAEHO, WO CUHTETUYHUI aHa-
nor nen-eHkedaniHy — D-AnaHiHz-nenuunH°-eHkedpani
(DADLE), skuit BMBIpKOBO aKTUBYE AenbTa-onioigHi
peuenTopu, CNpUAE MiABULLEHHIO KUTTE3LATHOCTI Me-
3EHXiMa/IbHUX CTOBOYPOBUX KAITUH NHOAMHM B YMOBaX
AediunTy cMpOBaTKM 3@ PaxyHOK aKTMBALl CUrHANbHO-
ro waaxy aenbra-onioigHoro peuentopa—docdoiHo3u-
TMA-3-KiHasu—npoTeiHkiHasm B (DOR/PI3K/AKT) [7]. Kpim
TOro, nokasaHo, wo DADLE 3meHLUy€e YyTBOPEHHA aKTMB-
HUX GOPM KUCHIO, NiABULLYE PiBEHb aHTMANOMNTOTUYHOTO
6inKa i NpUrHiyye ekcnpecito NPoanonToTUYHMUX Binkis
Yy Me3eHXiMa/ibHUX CTOBOYPOBUX KNITUHAX MYyNOBUHHOI
KpOBIi NIOANHMN, AKI 3a3HaINM OKCMAATUBHOTO cTpeccy [8].
B pocnigxeHHsx [5, 6] noBedeHo, WO HelponentTuam
onioigHoi Aii, 30Kpema CUHTETUYHUWN nein-eHKedaniH
(manaprin), 3patHi 36epiraTn nponipepaTMBHUI NOTEH-
Lian KNiTUH i 3HWXKYBATU piBEHb anonTo3y M HeKposy,
TUM CaMUM CNPUAKOYUN NIATPUMAHHIO KNITUHHUX QYHK-
Lin i metaboniyHOro romeocTasy 3a CTPECOBWMX YMOB.
HesBaatoum Ha 3pocTaroyy KifbkicTb nybnikauin, goci

HEeAO0CTaTHbO BUBYEHWMM 3a/IMLLAETLCA BNAUB AANAPTiHY
Ta Ha/ZIOKCOHY Ha MOKA3HUKMU eHepreTMYyHoro obmiHy B
YMOBAX XPOHIYHOrO X0/1040BOr0 CTPECy i WAAxXu peani-
KEHUMW € 3MiHW PiBHIB a30TUCTUX MeTaboniTie — Kpea-
TUHIHY Ta CEYOBMHW, AKI BUCTYNalOTb HENPAMUMMU, ane
iHGOPMaTMBHMMMN MapKepamu KaTaboniamy amiHOKMC-
NOT i 3aranbHOi MmeTaboniyHoi nepebynosu. AHanis umx
napameTpiB [A03BONAE MMbBLIE 3PO3yMITU MexaHi3mu
aganTauii 4O TPMBANOro OXONI0AMKEHHA Ta NOTEHUiNHWNIA
KOPEKLiNHUI BNAUB HEMPONEenTUAIB Ha CUCTEMHUIA Me-
Tabonizm.

Merta gocnigKeHHs.

OUiHUTK BNAMB AanapriHy Ta HANOKCOHY Ha MOKas-
HUKM a30TMUCTOr0 OBMiHY, 30KpemMa Ha KOHLeHTpaLito
KpeaTMHiHY Ta CEYOBMHM B CMPOBATLi KPOBi MOPCbKMX
CBMHOK 32 YMOB XPOHI4YHOIO X0/I0,0BOTO CTPECY, @ TAaKOXK
3’AcyBaT MexaHi3muM peanisauii Lboro BNanBY.

O6’€eKT i meTOAU AOCNiAXKEHHA.

[ocnigxkeHHA NpoBeneHO Ha CTAaTeBO3PIIMX CaMLLAX
MOPCbKMX CBMHOK JiHii Dunkin-Hartley Bikom 5-6 mics-
uis i3 cepeaHboto Baroto 600-800 r. TBApWHKM yTpMMYyBa-
JIUCb Y CTaHAAPTHUX YMOBAX BiBapito IHCTUTYTY Nnpobaem
Kpiobionorii i KpiomeanunHn HAH Ykpainu. Bci maHiny-
NAUii 3 TBapMHaMM NPOBOAMINCA BigNOBIAHO 40 NpaBua
i pekomeHgauin European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes/Council of Europe (Strasbourg,
1986). KomiTeT i3 6ioeTuku IHCTUTYTY Nnpobiem Kpiobio-
norii i kpiomeguumun HAH YkpaiHu (npotokon Ne 5 Big,
22.11.2022 p.).

TBapuHu 6ynu nogineHi Ha Tpu rpynu: 1) iHTaKTHa
rpyna (TBapuHM, AKUX He NigAaBann Aji XpOHIYHOro xo-
noposoro cTpecy (XXC) i ytpumyBanu npu TemnepaTtypi
182C); 2) KoHTponbHa rpyna (TBapuMHW, AKMM BBOAMUAN
0,5 mn o¢isionoriyHoro po3umHy nig wWwkipy 3a 30 x8 Ao
mogzentoBaHHA XXC); 3) rpyna TBapuH, AKMM BBOAWM
npenapar ganaprid y Ao3si (100 mkr/Kr) nig wkipy 3a
30 xB 40 moaentoBaHHA XXC; 4) rpyna TBapwH, AKUM
BBOAM/IN OAHOYACHO MpPenapaTy HaJIOKCOH i AanapriH
y 003i (100 mKr/Kr) nig wkipy 3a 30 X8 40 MOAENt0BaH-
HA XXC. o eKkcnepumeHTy 6yno 3anydyeHo 48 TBapuH,
PO3MoAiNeHNX Ha YOTUPM TPYNK MO 12 TBAPUH Y KOXKHIN.

MogentoBaHHs XXC 3p4iMicHIOBaAM 33 METOAMKOM
[9], apanToBaHoto A0 ymoB nabopaTopii WwWasxom mo-
andikauii TemnepaTypHoro pexumy, wo 3abesneunno
BiATBOPIOBAHICTb CTPECOBOI BiANOBIAI Npu 36epeskeHHi
€TUYHUX CTAHAAPTIB YTPMMAHHA TBAPUH: AKMUX MO Yeps3i
yTpumyBanun npu Temnepatypi 18 ta 4°C cnoyatky npo-
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TAFOM OZAHI€El roAMHMK, a NOoTim NnpoTarom 5 4i6 — 12 roguH
npu Temnepatypi 4°Ci 12 roanH npu 18°C. CTpecose Ha-
BaHTAXEHHA NPUNUHANN Ha 6-11 AeHb | npoBoanau 3abip
KPOBI WWAAXOM NYHKLiT ApeMHOi BEHW.

KoHUEeHTpaLito Ce4HOBMHU B CMPOBATL, KPOBi BU3HA-
Yanu eH3MMaATUYHUM METOLOM 3 BUKOPUCTaHHAM ypea-
3n 1a IAr npy 340 HM, @ KPEATUHIHY — KONOPUMETPUY-
HUM METOLOM 32 peaKLiEl 3 MiKPUHOBOK KMUC/IOTOHO
npn 520-540 Hm. AHanis npoBogMAN 3 BUKOPMUCTAH-
HAM CTaHZapTHWX Habopis («Cormay Urea», «Cormay
Creatinine», MNonbLua) 3rigHO 3 IHCTPYKLiAMW BUPOOHU-
Ka. Pe3ynbTaTi BUpakanu B MMOJb/N (CeYOBUHA) Ta MK-
MoOAb/N (KpeaTuHiH).

[na cTatmcTmyHOro aHanisy gaHuWx BMKOPUCTOBYBa-
nv nporpamu Statistica 10 («StatSoft», CLUA) Ta Excel
(Microsoft, CLLUA). HopmanbHicTb po3noginy Bu3Hauya-
nn 3a gonomoroto W-kputepito LWanipo-Yinki. Pe3ynb-
TaTU EeKCNepuMeHTIB MpeacTaBieHi y BUMALI cepepn-
HbOrO 3HAaYeHHA * CTaHAAPTHE BiAXWNEHHA ANA AaHWX
3 HOpManbHMM po3noginom. CTaTUCTUYHY 3HAYUMICTb
BiAMIHHOCTEN MiXK rpynamu OLiHIOBAM 33 AOMNOMOrOH0
KpuTepito MaHHa-YiTHi (ana ycix gaHux). BigmiHHOCTI
BBaXa/aM CTaTUCTMYHO 3HauMmmnmm npm p<0,05.

Pe3ynbTatv focnigKeHHA Ta ix 06roBopeHHs.

PesynbTaT GioximiyHOro aHanisy, npeacrasieHi B
Tabnuui, 1eMOHCTPYOTb 3MiHM KOHLEHTPALLT OCHOBHUX
a30TOBMIiCHMX MeTaboniTiB — KpeaTUHiIHY Ta CEYOBUHN —
Yy CMPOBATLL KPOBi MOPCbKMX CBUHOK 32 YMOB X0OJI0A,0BO-
ro cTpecy Ta nig BnaneBom GpapmaKoaorivyHOi KopeKu,ii 3a
L0MNOMOrO0 AanapriHy i HANOKCOHY.

Tabnaunun — KoOHUeHTpaLia KpeaTuHiHy
Ta CEYOBMHU B CMPOBATLLi KPOBi TBAPUH
3a Pi3HUX YMOB eKCNepUMeHTY

MoKa3HUKM
loynu KpeatuHiH, |CeyoBuHa,
(Mmkmonb/n) | (Mmmonb/n)
IHTaKTHa rpynna 38,50+1,4 |6,25+0,12
XpOoHiuHUI xonogosuii ctpecc (XXC)| 31,17+0,4* | 7,35+0,2*
XXC + panapriH 30,67+0,3* | 5,73+0,1#
XXC + panapriH+HanoKcoH 36,50+0,5# | 7,15+0,6

MpUmMiTKN: * — CTATUCTUYHO 3Hauyylle BIAHOCHO IHTAKTHOI rpynu

(p<0,05); # — cTaTMCTMYHO 3HauyLLe BigHOCHO XXC (p<0,05).

Y TBApWH IHTAKTHOI rpynu piBeHb KpeaTUHiHy CTaHo-
BuB 38,50+1,4 mKMonb/A, WO Bianosigae ¢isionorivHin
HOPMI AN1A AaHOro BuAy. Y rpyni TBApWH, AKi 3a3HaBain
XpPOHiYyHOro xosnogosoro ctpecy (XXC), Bia3HayeHo cTa-
TUCTUYHO 3HAYUME 3HUMKEHHA KOHLUEHTPALiT KpeaTuHiHy
y 1,2 pa3u (p<0,01). Taka TeHAEHLs, MMOBipHO, Bigobpa-
YA€ 3HUMKEHHA M'A30BOi aKTMBHOCTI abo KaTaboniyHmx
npoueciB BHACAIAOK afganTauii 40 TPMBANOro xonoay,
WO Y3rOAKYETbCA 3 AaHUMM NiTepaTypu MNpo raabmMy-
BaHHA MeTaboniamy KpeaTWHy Npu CTPECOBUX BMNAMBAX
[10, 11]. BBeaeHHs TBapMHam ganapriHa He NPUBOANIIO
[0 3HAYHWUX 3MIHW PiBHA KpeaTuHiHY, AKMIA 3anuLLaBca
Ha piBHi, cxoxomy 3 rpynoto XXC, Lo BKa3ye Ha BiacyT-
HicTb ePeKTUBHOCTI AanapriHy B HOpManisauii LLboro no-
KasHWKa. Y TOM e 4ac, y rpyni TBAPUH, AKUM BBOAMAM
OZHOYACHO HAJIOKCOH i ganapriH Ha ¢oHi XXC, piBeHb
KpeaTuHiHy cTtaHoBuB 36,5+0,5 MKMoOAb/A i He Biapis-
HABCA CTAaTUCTMYHO Bif, 3HA4YE€Hb iIHTAKTHOIO KOHTPO/IIO.
Takuii pe3ynbTaT MOXKe CBIiAYUTM NPO Te, WO HANIOKCOH,
AK QHTAroHICT OMioigHMX peLenTopiB, BM/IMBAE Ha PiBEHb
KpeaTWHiIHY He Yepe3 KNacuMyHy ONioigHy perynsito, a

onocepefikoBaHO — HAMPUKAAA, LWAAXOM 3MEHLIEHHA
BMN/MBY EHAOreHHUX ONIOIAIB, AKi Yy BiANOBIAb Ha XPOHiY-
HUWI XONO[0BUI CTPEC MOIN CNPUATK FinepKaTaboniamy
ab0o Ba30OKOHCTPUKL,i, MOripLWyOYn HUPKOBY nepodysito.
BAoOKytoun Lel BNAMB, HAaZIOKCOH MOTeHLUiMHO cTabinisye
®YHKLiO HUPOK i 3HUKYE NpoayKLuito abo 3meHLWye 3a-
TPUMKY KpeaTuHiHy. IHwumn cnoBamn, B ymosax XXC
OiA eHOOoreHHUX OnioiAiB MOXe MaTuU He Nulle 3axuc-
HUW, ane M gUcperynaTopHuin epekT, Wo NOACHIOE, YOMY
B rpyni 3 HA/IOKCOHOM piBEHb KpeaTUHiHY ByB 6AMKUMM
00 ¢disionoriyHoi Hopmu.

Ha BigmiHy BiZ KpeaTuHiHY, piBeHb CEHOBMHM 3a3HaB
NPOTUNEKHMX 3MiH. Y TBapuH, nigaaHux (XXC), cno-
cTepiranoca CTaTMCTUYHO 3Havylle NiABULLEHHA LbOro
noKasHuka ao 7,35 = 0,2 mmonb/n (p < 0,05) nopisHAHO
3 IHTaKTHUM KOHTPOJIEM, LLLO MOXKE CBIAYUTM MPO aAKTU-
BaLjto 6ifIKOBOro KaTaboniamy abo NopyLIeHHA HUPKO-
BOI €KCKpeTopHOT QYHKLi — TMNOBI peaKLii opraHiamy Ha
cTpecosi BnameKu [12]. 3acTocyBaHHA AanapriHy nepeq,
mogentoBaHHAM XXC cnpuAno 3HAa4YHOMY 3HUMKEHHIO
piBHA ceyoBUHM — y 1,3 pasa nopiBHAHO 3 rpynoto XXC
(p <0,05), npMyomy Lei NOKA3HUK BYB HaBITb HUNKUYMM
3a 3HAYEeHHSA iHTAaKTHOI rpynn. Taknin epeKT MmorKe CBigum-
TV NPO aHTUCTPECOPHY Ait0 AaNapriHy, 3HUXKEHHA KaTa-
60NiYHOT aKTMBHOCTI Ta NOKpPALLEHHS HUPKOBOI GYHKLT
B ymoBax ctpecy. Ocobnusy yBary npuvBepTae pesysib-
TaT MicnA 3aCTOCYBaHHA HA/NIOKCOHY: PiBEHb CEYOBWUHU
3anuwWwasca nigsuuleHum (7,15 + 0,6 mmonb/n), i xoua
BiIMIHHOCTI LLLOA0 IHTAKTHOT rpynu He 6yix CTaTUCTUYHO
3HaAYYLWMMM, Y MOPIBHAHHI 3 TBAPMHAMWN AKMM BBOAUNU
Aanaprid 3HayeHHA 6yn0 CTaTCTUYHO 3HAYMMO BULUM —
y 1,3 pasza (p < 0,05). Lle BKa3ye Ha Te, W0 HepponpoTeK-
TOpPHWUI edeKT ganapriHy peanisyeTbcs yepes akTUBaLLito
onioiaHux peuenTopis, a 6/10Kafa LbOro MexaHiamy Ha-
JIOKCOHOM YaCTKOBO HiBEe/IIOE MO3UTUBHI 3MiHM, WO KO-
pentoe 3 gocniarKeHHsam [5, 6]. HanokcoH cam no cobi He
YMHWUTb 3aXMCHOTO BMN/IMBY Ha MeTaboni3am a30TOBMICHMX
CNONYK MpY XO/IOA0BOMY CTpeci TOMy i He KOMMEHCYE
OMCOYHKLIO, CMPUYMHEHY CTPECOM, | HE MOAY/TIOE KaTa-
60ni3m abo HUPKOBY EKCKpeLLito.

OpepKaHi  pe3ynbTaTv  NiATBEPOKYIOTb  BaXK/IMBY
pPONb eHAOreHHUX ONioIAHMX NenTUAiB Y peryasLii aszo-
TMCTOro 06MiHy Ta 3abe3neyeHHi romeocTaTUYHOI Big-
noBiZi OpraHiaMy Ha TpMBanWi XoNoJoBMI cTpec. 30-
Kpema, BCTAHOB/IEHO, O XPOHIYHUI XONOA0BUIN CTpec
NpuU3BOAUTb A0 3MiH Y KOHLEHTpPALLii OCHOBHMX Map-
KepiB a30TUCTOro 06MiHY — CEHOBUHM Ta KpeaTUHIHY, WO
CBiAYMTb NPO nopyleHHA meTaboniyHOro romeoctasy i
dYHKUiOHanbHOro cTaHy HUpoK. OTpUMaHi gaHi ysroa-
XYIOTbCS 3 pe3ynbTaTamu nonepegHix gocnigxeHb [13,
14], B sKMx 6yN10 NOKA3aHO, LLLO CTPECOBI BMJIMBM, 30Kpe-
Ma HU3bKa TemnepaTypa, CNPUYMHAIOTL AecTabinizauito
06MiHY PeYyoBMH Ta 3HUKEHHA aHTUOKCUAAHTHOT aKTUB-
HOCTi Y HUPKOBIM TKaHWHI, LLLO, Y CBOIO Yepry, 3yMOBJ/IHOE
NopYyLEHHS HUPKOBOT GYHKLI. Y LbOMY KOHTEKCTI po/ib
onioigHUX HelponenTUAiB, TaKMX AK AanapriH, Moxe
po3rnagaTnCs AK BaXKAMBUI eleMeHT aaanTalinHoi Big-
nosigi, cnpsamoBaHoi Ha cTabinisauito aszoTuctoro o06-
MiHY Ta NiATPMMaHHA GYHKLiIOHANbHOI aKTUBHOCTI XKUT-
TEBO Ba)K/IMBUX opraHis. ABTopu Telegtéw A Ta cnisaBT.
[15] Takox nmigTBEPAUAU BNAWB TPUBAOIO XO/I0A40BOMO
cTpecy Ha OYHKLiI0 HUPOK, 30KpeMa Yyepes 3HUNKEHHA
QHTUOKCUAAHTHOTO 3axMCTy. Y NOANHM, AKa nepebysa-
na 50 gHiB Npu eKcTpeManbHO HU3bKMX TemnepaTypax,
BMABNEHO 3MEHLUEHHA PiBHIB CEYOBUHU Ta KpPeaTUHIiHY
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B Ceui, WO CBiAYMTb NPO aKTUBAL0 adanTauinHUX me-
XaHi3amiB 4o xonoay. Astopu. Yang Y. et al. [16] nokasa-
/X CYTTEBI NOPYLIEHHA Y MeTaboni3mi Ninigis, rOKoHe-
oreHesi, a TaKoXK GYHKLIOHANbHI aKTUBHOCTI NEYiHKM i
HUPOK Y LLLYpPiB Nig BNIMBOM XON040BOT0 CTpecy. ABTOpHU
BUABUAM NiABULLEHHA PiBHA KpPeaTUHIHY B Maa3Mmi, Lo
BKA3YeE Ha NOpYyLLIEHHA MeTaboniuyHUX npouecis Ta GyHK-
Lii HUpoK. B gocniaskeHHaAx [17] oujiHoBann metaboniam
NeNUMHY Ta CEYOBUHM Y NtoAew Mif 4ac KOPOTKOYACHO-
ro BN/MBY Xono4y. Pe3ynbtTaTv MoKasanu 36inblueHHs
KaTaboniamy 6ifKiB, LLO MOXKe BM/MBATU Ha pPiBEHb ce-
YOBWMHM B OpraHiami. TakMm YMHOM OTPUMaAHI pe3y/b-
TaTU JOCAIOKEHHA Y3roAXKYOTbCA 3 BUCHOBKamu Henry
et al. [18], Aki NigKpecntoOTb BaKAMUBICTb €HAOrEHHUX
onioigHWX NenTuAiB, 30Kpema eHKedaniHis, y perynsuii
CTPecoCTINKOCTI opraHiamy, 0cob6/11MBO B yMOBax XPOHiu-
HOro xonopoBoro crpecy. EHkedaniHn 6epyTb yyactb y
HEeNPOEHAOKPUHHIN Ta MeTaboniyHil aganTauii, niaTpu-
MYtOUYM romeocTas nig yac ctpecy. [anapriH, CUHTETUY-
HWI aHanor neli-eHKkedaniHy, NPOABAAE aHTUCTPECOPHY
Ta HedpPONPOTEKTOPHY A0 NPW XONOA0BOMY CTPECi,
CTabinisyroum asoTUCTUN OBMIH | 3HMXKYIOUM BiNKOBUIA
Kataboniam. lNopiBHAHHA edeKTiB 3 HA/NIOKCOHOM Ao-
3BOJIAE MPUNYCTUTK, WO NPOTEKTOPHA AiA AanapriHy pe-
ani3yeTbcA Yepes aKTUBALLO ONioiAHMX peuenTopis, Wo
cnpuAe aganTauii opraHiamy go crpecy. Li pesynbtatn

nigTBEPAKYIOTb AOUINBbHICTE NOAANbLWIMX AOCAIAXKEHD
onioigHoi moaynauii meTaboniyHMx nNpouecis nNpu cTpe-
COBWX BNINBAX | NOTEHLLiaN AanapriHy AK a4anTOreHHoro
3acoby AN 3aCTOCYBaHHA B yMOBax xonoay abo iHwmx
eKcTpeMasnibHUX GaKTopis.

BucHoBKM.

XPOHiIYHMI XON0A0BUIN CTPEC 3YMOBJIIOE NOPYLUEHHSA
a30TMCTOro 06MiHY Y MOPCbKMX CBUHOK, LLLO MPOSBNAETb-
CA NiABULLEHHAM CEYOBUHU Ta 3HUMKEHHAM KPEaTUHIHY
B CMPOBATLi KpoBi. [lanapriH 3HUXKYE piBEHb CEHOBUHM,
afne He HOpPMani3ye KpeaTWHiH, ToAi AK edeKTU HanoK-
COHY NiATBEPAKYIOTb 3a/ly4eHHA OnioigHOoI perynauii B
a[anTaLio 40 OXONOAMKEHHA.

MepcnekTMBKM NOAANbLUNX AOCNIAMKEHD.

OTpuMaHi pe3ynbTaTU OKPECNIoTb MEepPCneKkTUBM
NnoAaNbLIOro BMBYEHHA POANi ONiOigHOI cUCTEMN B me-
XaHi3amax meTtaboniyHoi aganTauii go Aii xonomosoro
cTpecy. Y MalbyTHiX O0CNIAKEHHSAX OOLiNbHO OLUiHM-
TV BN/MB JanapriHy B ymoBax KOMGiHOBaHOro crpecy
(Hanpuknag, xonod y NOeAHaHHI 3 TiNOKcielo) Ta npwu
naTo/oriAX, WO CYyNpPOBOAXKYIOTbLCA NOPYLUEHHAM BinKo-
BOro 1 a3oTmuctoro o6miHy. OcobamBoi yBaru 3acnyroBye
aHani3 noTeHuiany ganapriHy AK aganToreHHoro 3acoby
B YMOBaX BOEHHOFO CTaHy, KO/M 3pocTaE notpeba y nia-
TPUMaHHI ¢i3ioNoriyHoi CTIMKOCTI opraHiamy A0 eKcTpe-
Ma/IbHNX HaBaHTAMEHb.
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moAavnauia A3SOTUCTOro METABOI3MY NiA4 BNJIMBOM XPOHIYHOIoO Xoa1040BOro CTPECY Y
MOPCbKUX CBUHOK: POJ1b OA/IAPTIHY TA HAJIOKCOHY B PEANI3ALITNPOTEKTOPHOTO EQEKTY

MwupHuii B. I., Moiceesa H. M.

Pestome. Y ¢isionorii 3pocTae iHTepec 40 MexaHi3aMiB meTabonivyHOi aganTaLii opraHiamy L0 X01040B0r0 CTpe-
Cy, WO aKTUBYE CKNAAHI HelporymopanbHi peakuii 4na nigTpmaHHA TepmoreHesy Ta romeoctasy. Ocobnusy yeary
NPUAINAITL HelponenTuaam — AanapriHy Ta HA/IOKCOHY, AKi 3HUXKYIOTb KAITUHHWUI CTPec, NPUrHiYyoTb anonTos i
niaTpumytoTb nponidepauito. MNpoTe iXHi BNAMB Ha pPiBHI KPeaTMHIHY Ta CEYOBMHU — K/HOYOBMX MapKepiB a30TUCTO-
ro 06MiHy — 33 YMOB TPMBA/IOr0 OXO/IOAMKEHHSA AOCIi BUBYEHO HEAOCTATHbLO.
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MeToto pob60TH 6yn0 OLiHUTM BNAWB JaNapriHy Ha NOKa3HUKKW a30TUCTOro OBMiHY (Ce4YOBMHA | KPeaTUHIH) y Mop-
CbKMX CBMHOK 32 YMOB XPOHI4YHOTO X0/1080B0r0 cTpecy (XXC) Ta BUSHAUUTU WAAXM peanisaLii NpOoTeKTOPHOI Aii Lboro
nenTuay.

EKcnepMmMeHT npoBeaeHO Ha MOPCbKUX CBUHKAX, AKMM mogentoBanu XXC 3 noganbliMm BBEAEHHAM AanapriHy
ab0 HaNOKCOHY. BU3HaYann KOHUEHTPALLIHO CEYOBMHM Ta KpeaTUHiIHY B CUPOBATL, KPOBi CTaHAAPTHUMM BioXiMiYHK-
MU MeTOL4aMM.

XXC cnpnynHAB CTaTUCTUYHO 3HAYMME 3POCTAHHA PiBHA CEYOBUHM Ta 3HUXKEHHA KpeaTUHiHy. [lanapriH 3HMKyBaB
piBEHb CEYOBMHMU, afle He HOPMasli3yBaB KOHLEHTPALLi0 KpeaTUHiIHY. Ha/JIOKCOH YacTKOBO 3MEHLLYBAB rinepypemito,
OfHaK He BiAHOBMOBAB MOKA3HWMKW A0 PiBHA iHTAKTHOro KoHTposto. XXC npu3BoAMB A0 MOPYLUEHHA a30TUCTOrO
06MiHY Y MOPCbKMX CBMHOK, LLLO BUABNANOCA AOCTOBIPHUM NiABULLEHHAM KOHLLEHTPALi CEYOBMHU Ta 3HUMKEHHAM
piBHA KpeaTuHiHy B CMPOBaTLi KPOBi MOPIBHAHO 3 IHTAKTHUM KOHTpoaem. Lle BKasye Ha nocuneHHs Katabonismy
Ta NPUTHiYeHHs GYHKLIT HAPOK. BBeAEeHHA AanapriHy Cnpuaio 3HUMXKEHHIO rinepypemii, o4HaK piBEHb KPeaTUHiHY
3a/1MWaBCcA Ha pPiBHi TBapuH, NigaaHmx avwe XXC, Wo MmoKe cBigumMTi Npo BUBIpKOBICTb MOro HepponpPOTEKTOPHOT
Aii. HanoKCOH TaKo YaCTKOBO 3MEHLLYBaB piBEHb CEYOBUHM, NPOTe He 3abe3neyyBaB NOBHOT HOpMaAisauii gocnia-
YKYBaHMX NOKA3HMKIB.

OTpumaHi AaHi NigTBEpPANAM 3aNy4eHHA ONiOIgHOI perynauii 40 MexaHi3MiB aganTauii 4O TPMBANOro OX0N04-
YKEHHS, @ TAKOXK BKA3YOTb Ha NOTEHL,iNHY 34aTHICTb AanapriHy KOpUryBaTu NopyLLIEHHA a30TUCTOro 06MiHy B ymoBax
XXC.

Knro4oBi cnoBa: aganTalis, X0/I040BUI CTPEC, rinoTepMisa, roMONOTEPMHI TBapUHM, HinKoBUIM meTabonism, bio-
XiMiYHi NOKa3HMKM KPOBI, AanapriH, Kpiobionoria.

MODULATION OF NITROGEN METABOLISM UNDER CHRONIC COLD STRESS IN GUINEA PIGS: THE ROLE OF DA-
LARGIN AND NALOXONE IN MEDIATING A PROTECTIVE EFFECT

Myrnyi V. H., Moisieieva N. M.

Abstract. There is increasing interest in physiology regarding the mechanisms of metabolic adaptation of the
body to cold stress, which triggers complex neurohumoral responses to maintain thermogenesis and homeostasis.
Particular attention is paid to neuropeptides such as dalargin and naloxone, which reduce cellular stress, suppress
apoptosis, and support cell proliferation. However, their effects on creatinine and urea levels — key markers of nitro-
gen metabolism — under prolonged cooling conditions remain insufficiently studied.

The aim of the study was to assess the effect of dalargin on nitrogen metabolism markers (urea and creatinine)
in guinea pigs under chronic cold stress (CCS) and to identify the mechanisms underlying the protective action of
this peptide.

The experiment was conducted on guinea pigs exposed to CCS and treated with either dalargin or naloxone.
Urea and creatinine concentrations in blood serum were measured using standard biochemical techniques.

CCS caused a statistically significant increase in urea and a decrease in creatinine levels. Dalargin reduced urea
levels but did not normalize creatinine concentrations. Naloxone partially alleviated hyperuremia, yet values did not
return to control levels. CCS led to nitrogen metabolism disturbances in guinea pigs, manifested by increased urea
and decreased creatinine compared to intact controls, indicating enhanced catabolism and impaired renal function.
Dalargin reduced hyperuremia but had no effect on creatinine levels, suggesting selective nephroprotective action.
Naloxone partially reduced urea but failed to normalize the studied parameters.

These findings confirm the involvement of opioid regulation in adaptation to prolonged cold exposure and high-
light the potential of dalargin to modulate nitrogen metabolism disturbances under CCS conditions.

Key words: adaptation, cold stress, hypothermia, homeothermic animals, protein metabolism, blood biochemi-
cal parameters, dalargin, cryobiology.
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