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EFFECT OF CHRONIC COLD STRESS

AND DALARGIN ON BLOOD PARAMETERS IN GUINEA PIGS

This study investigates the effects of the synthetic neuropeptide dalargin on hematological parameters and blood electrolyte
homeostasis in guinea pigs under conditions of chronic cold stress (CCS) at 4 °C over a five-day period. It was found that
CCS led to a reduction in platelet count and disruption of the leukocyte profile, including an increase in band neutrophils
accompanied by a decrease in segmented neutrophils, lymphocytes, and monocytes, as well as a decline in the adaptation
index. Simultaneously, elevated concentrations of calcium, potassium, and chloride were observed, indicating disturbances
in electrolyte balance and ionic homeostasis. Dalargin administration prevented these changes, promoting the restoration of
physiological leukocyte ratios, increasing platelet counts, and normalizing key plasma electrolyte concentrations. Moreover,
an increase in the adaptation index was recorded, indicating activation of the hematopoietic system and mobilization of the
organism’s adaptive potential. These findings support the potential of dalargin as an effective agent for maintaining blood

system integrity, electrolyte balance, and adaptive capacity under CCS conditions.
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The study of adaptation mechanisms in homo-
iotherms exposed to low temperatures remains one
of the key areas in modern physiology and cryo-
biology. Chronic cold stress (CCS), as one of the
most prolonged and multifactorial types of stress
exposure, induces systemic changes in the body;,
including disruptions in energy metabolism,
imbalance in antioxidant defence, and reduced
functional activity of cells [7, 8, 29, 36—38]. In
response to CCS, complex adaptive mechanisms
are activated to maintain homeostatic equilibrium.
However, excessive or prolonged strain on these
mechanisms may lead to functional exhaustion of
major regulatory systems, accompanied by dec-
reased immune reactivity, metabolic destabili-
zation, and increased susceptibility to pathological
conditions of various etiologies [7, 8, 21, 29, 32, 36].

One of the most sensitive indicators of stress-
induced disturbances is the state of peripheral
blood. The morphofunctional characteristics of
highly specialized blood cells, particularly ery-
throcytes and leukocytes, serve as reliable markers
reflecting the level of nonspecific resistance of the
organism, the severity of pathological changes, and
its functional reserves for activating compensatory-
adaptive responses to stressogenic factors [14].

An equally important criterion is electrolyte
homeostasis, which plays a crucial role in ensuring
normal cell function. The major ions (Na*, K*,
Ca®*, Mg?*, CI7, P) are involved in regulating
osmotic pressure, maintaining transmembrane
potential, activating enzymes, facilitating muscle
contraction, and transmitting nerve impulses [4,
6, 11, 13, 15, 27, 28]. Specifically, sodium and
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potassium maintain the electrochemical gradient
necessary for neuromuscular conductivity and me-
tabolite transport; calcium is essential for muscle
contractility, enzymatic system activation, and
blood coagulation; magnesium stabilizes nerve
conduction and reduces cellular excitability; and
phosphates participate in energy metabolism, acid-
base regulation, and the structural integrity of cell
membranes [25, 31].

A comprehensive assessment of changes in the
blood system and electrolyte balance under con-
ditions of chronic cold stress (CCS) enables a ho-
listic characterization of the organism’s adaptive
responses and the effectiveness of pharmacological
agents capable of modulating these processes. It is
well established that one of the key components of
the adaptive response to extreme environmental
factors is neuropeptides—particularly those of the
opioid family — which are involved in modulating
immune, endocrine, and nervous system regulation
[9, 10, 16].

In this context, dalargin, being a synthetic ana-
logue of Leu-enkephalin, draws particular interest
due to its pronounced protective, membrane-sta-
bilizing, and anti-stress effects. Previous studies
have demonstrated its ability to reduce metabolic
and structural disturbances following exposure to
low temperatures [9, 10]. However, the impact of
dalargin on hematological parameters and elec-
trolyte balance specifically under conditions of
chronic cold stress has not yet been investigated.

The research object was to determine the effect
of the synthetic Leu-enkephalin analogue (dalar-
gin) on electrolyte balance and hematological indi-
ces in guinea pigs following chronic cold stress.

MATERIALS AND 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 conditions at the Institute for Problems of
Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Kharkiv).

All animal experiments were approved by the
Institute’s Bioethics Committee (Protocol No. 5 of
November 22, 2022) and carried out in accordance
with the provisions of the Law of Ukraine «On the
Protection of Animals Against Cruelty». All pro-
cedures involving animals complied with the gui-
delines and recommendations of the European
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Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Experimental Design was as follows:

The animals were divided into the following
groups:

* Intact group — animals not subjected to CCS
and maintained at a temperature of 18°C.

 Control group — animals administered 0.5 ml
of physiological saline subcutaneously 30 minutes
prior to CCS induction.

* Dalargin group — animals administered da-
largin (JSC «Biolik», Ukraine) at a dose of 100 ug/kg
subcutaneously 30 min prior to CCS induction.

The data on «intact + dalargin» group is not
included in this article, as preliminary studies sho-
wed that administration of the drug under physio-
logical conditions did not produce significant
changes in the parameters presented.

CCS was modelled using the method of A. Na-
mimatsu et al. [19], adapted to laboratory condi-
tions by modifying the temperature regime to
ensure reproducibility of the stress response while
maintaining ethical standards for animal care. The
animals were alternately exposed to temperatures
of 18 °C and 4 °C — initially for one hour, fol-
lowed by a five-day cycle of 12 hours at 4 °C and
12 hours at 18 °C. Stress exposure was terminated
on the sixth day, and blood samples were collected
via jugular vein puncture.

Body temperature of the guinea pigs following
hypothermia induction was measured using an
electronic thermometer inserted to a depth of 2 cm.
The temperature decreased by 1—3 °C from the
baseline of 38 °C.

The concentrations of K, P, Cl7, Ca**, and Na*
ions in blood serum were determined using a spec-
trophotometric method with reagent kits from
«Filisit-Diagnostyka» (Ukraine). Results were ex-
pressed in mmol/L.

Hematological parameters were measured using
the veterinary automatic hematology analyzer
«URIT-2900 Vet Plus» (URIT Medical Electronic
Co., Ltd, China), following the manufacturer’s in-
structions.

To assess the immune response to CCS and da-
largin administration, the study calculated an
adaptation index — a marker of both specific and
nonspecific immune activity. This index was de-
termined by the ratio: percentage of lymphocytes/
percentage of segmented neutrophils [14].
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For statistical Analysis the experimental data
were processed using the software packages «Sta-
tistica 10» (StatSoft, USA) and «Excel» (Microsoft,
USA). Statistical significance of differences between
independent groups was determined using the
nonparametric Mann—Whitney test at p < 0.05.

RESULTS AND DISCUSSION

In the initial phase of the study, we examined the
dynamics of electrolyte balance indicators based on
the concentrations of Na*, K*, Cl7, Ca’®*, and P. As
shown in Table 1, CCS led to a significant increase
in the concentrations of K*, CI", and Ca** in guinea
pig blood — on average by 1.3 times compared to
intact values. Meanwhile, the concentrations of Na*
and P under CCS conditions did not differ signi-
ficantly from those in the intact group.

These findings are consistent with the study by
S. Mu et al. [18], which demonstrated that exposu-
re to ice water resulted in a twofold increase in se-
rum Ca’* levels, accompanied by elevated con-
centrations of total phosphorus and Mg**. Such
changes may indicate disturbances in electrolyte
balance, poten-tially increasing the risk of func-
tional disorders under cold stress conditions. Con-
sidering this, monitoring electrolyte levels is of
critical importance.

Administration of dalargin prior to CCS mo-
deling altered the dynamics of electrolyte meta-
bolism (Table 1). Specifically, a significant increase
in K* concentration by 1.2 times and a decrease in
P concentration by 2.1 times were observed com-
pared to the intact group. Meanwhile, the con-
centrations of Na*, Cl", and Ca** ions did not differ
significantly from those in the intact control.

In the second phase of the study, the effect of
dalargin on hematological parameters in guinea
pigs following CCS was investigated (Table 2). The
number of erythrocytes, hemoglobin content, and
hematocrit values did not show significant changes
across groups (Table 2). However, notable alter-
ations under CCS conditions were observed in
platelet counts (see Table 1). Specifically, platelet
numbers decreased significantly by an average of
1.1 times compared to the intact group, which
aligns with findings by A. Teleglow et al. [34] and
S. Van Poucke et al. [36]. This reduction may be
attributed to platelet margination induced by
hypothermia, involving changes in cell morphology,
reduced blood flow, and increased expression of
adhesion molecules [36].
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The result of total leukocyte counts, and their
subtypes showed that the overall leukocyte num-
ber did not change significantly under CCS con-
ditions. However, specific leukocyte populations
underwent notable shifts in response to CCS, in-
dicating a restructuring of the immune response.

A marked increase in the percentage of band
neutrophils was observed under CCS, suggesting
that the bone marrow was producing more im-
mature neutrophils in response to stress. Conver-
sely, the percentage of segmented neutrophils
decreased by 1.3 times compared to intact values,
which aligns with the maturation dynamics of neu-
trophilic cell types.

The percentage of monocytes in peripheral blood
also significantly decreased following CCS, both in
comparison to the dalargin-treated group and the
intact group. This may reflect a weakening of the
phagocytic arm of innate immunity.

The most pronounced changes were observed in
the lymphocyte population: lymphocyte counts
decreased by 2.1 times under CCS compared to the
intact group. This points to potential impairment
of adaptive immunity and may result from gluco-
corticoid-induced thymic atrophy or T-cell apop-
tosis — phenomena commonly associated with
stress conditions.

It is well established that typical markers of
stress-induced immune response include atrophy
of central immunogenic organs (particularly the
thymus), granulocytosis, suppression of the lym-
phoid lineage, and altered activity of hematopoietic
stem cells [5, 23, 30]. These stem cells are essential
for regenerating immunocompetent cells and play
a critical role in restoring immune system homeo-
stasis following stress exposure.

Table 1. Content of serum electrolytes in homeothermic
animals after CCS and Dalargin administration (n = 12)

Serum
Electro- Intact CCS +
CCs .
lytes Group + Dalargin
(mmol/L)
Na* 133+0.8 [135+1.4 132+ 0.9
K* 416+£0.21 [58+0.1* 49+0.05#
ClI 95+1.6 |1206+23% 100+ 0.7 #
Ca** 22+23 [29+0.1* 23+£0.08#
P 1.99 £0.05 | 2.14 £ 0.1 0.94 +0.01 *#
Notes: * — significant difference compared to intact

group (p < 0.05); # — significant difference compared to
CCS group (p < 0.05).
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Following dalargin administration under CCS
conditions, a distinct pattern of hematological
changes was observed. Notably, platelet counts
increased significantly — by 1.3 and 1.4 times
compared to the intact and control groups, res-
pectively (see Table 2)—alongside an elevation in
erythrocyte numbers, accompanied by a decrease
in mean hemoglobin concentration per erythrocy-
te. This effect may be attributed to the protective
action of dalargin, particularly its ability to modu-
late stress-induced vascular damage and hema-
topoiesis.

Regarding the leukocyte profile, substantial qu-
antitative and qualitative changes were detected
compared to animals exposed to CCS without tre-
atment. Total leukocyte counts increased signi-
ficantly, while the percentage of band neutrophils
remained comparable to intact levels. This may
indicate normalization of specific immune system
components and restoration of nonspecific immu-
ne efficiency under dalargin treatment. Supporting
this, the percentage of segmented neutrophils in-
creased by 1.4 times relative to the intact group and
by 1.7 times compared to the CCS control group

(see Table 2). Such a response is interpreted as a
boost of the organism’s resistance under dalar-
gin influence, reflecting its immune modulatory
properties.

The percentage of lymphocytes in the blood did
not differ significantly from intact values (Table 2).
Thus, dalargin contributes to restoring the balance
between humoral and cell branches of the immune
system, mitigating the severity of CCS-induced
disturbances.

The effect of CCS on the number of Foa-Kurloff
cells — marker macrophage elements that appear
in the blood in response to stress stimuli and signal
immune activation — is presented in Table 2. It was
found that dalargin administration led to a sig-
nificant twofold increase in the number of these
cells compared to both the control and intact gro-
ups. These results indicate enhanced phagocytic
activity and overall immune system activation un-
der CCS conditions influenced by the synthetic
neuropeptide dalargin.

This finding aligns with the observed increase in
the percentage of segmented neutrophils in pe-
ripheral blood following CCS and dalargin admi-

Table 2. Hematological Parameters in Guinea Pigs after CCS and Dalargin Administration (n = 12)

Erythrocyte Parameters
Blood Parameter Intact CCS + NacCl CCS + Dalargin
Hemoglobin (g/L) 158.2+0.5 157.2+ 0.6 155.6 + 1.28
Erythrocytes (x10'*/L) 5.86 + 0.03 5.83 £0.01 6.12+0.1
Hematocrit (%) 458 +0.17 459+ 0.1 48.6 + 0.74
Mean Corpuscular Volume (MCV) 78.6 £0.26 77.12 £ 0.41 81.8 £0.58
Mean Hemoglobin Concentration in 4024 £ 1.53 405.6 £0.76 339+3.34%
Erythrocytes
Platelets (x10°/L) 4393 +3.1 413.8 £1.9** 564.2+£6.9*
Leukocyte Parameters
Leukocytes (x10°/L) 9.8 +£0.06 | 11.5+0.3 155+04*
Leukocyte Types (%)
Cell Type Intact CCS + Na(Cl CCS + Dalargin
Band Neutrophils 3.3+£0.01 9.4 £0.7%,%* 51+£0.5
Segmented Neutrophils 30.6+1.4 25.4 £ 0.6%,** 431+38*
Lymphocytes 53.1+2.0 24.9 £0.9%,* 39.3+08*
Monocytes 44+0.9 2.79 £0.2%,** 41+0.6
Foa-Kurloff Cells (x10°/L) 1.5+ 0.01 291 £0.2%,** 58+03*
Lymphocyte-to-Segmented Neutrophil 1.44 +0.12 0.8 £0.05*** 1.14 +0.08
Ratio

Notes:* — significant difference compared to intact group (p < 0.05); ** — significant difference compared to CCS

group (p < 0.05).
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nistration, pointing to the activation of nonspecific
immunity. Supporting this, the adaptation index —
calculated as the ratio of lymphocytes to segmented
neutrophils — was significantly reduced to 0.8 +
+ 0.05 in animals exposed to CCS, falling below
unity. Such a shift reflects predominant activation
of the nonspecific immune branch (neutrophils)
alongside suppression of adaptive immunity (lym-
phocytes), potentially indicating immune desta-
bilization or functional exhaustion.

In contrast, animals treated with dalargin sho-
wed no significant difference in adaptation in-
dex compared to the intact group (see Table 2),
which — as previously noted — suggests a resto-
red balance between the major branches of the im-
mune system.

Analysis of the study results revealed that CCS
induces a series of changes in ionic homeostasis,
indicating activation of the organism’s adaptive me-
chanisms (see Table 2). In particular, elevated con-
centrations of K* and CI” were recorded in blood
serum, which may be associated with impaired
function of membrane ion pumps triggered by
stress-activated signalling cascades [5, 12] (4, 11).
The increase in Cl” concentration, in turn, reflects
shifts in acid-base balance and the activation of os-
moregulatory and compensatory processes in re-
sponse to stress [15, 27].

Such disturbances in ion metabolism may lead
to a range of adverse effects. They can reduce the
efficiency of homeostatic regulatory systems, im-
pair cellular functional activity, and influence im-
mune responses — particularly phagocytosis, which
is sensitive to K* and Ca*"* levels [20, 39]. Further-
more, the reduced ability to maintain electrolyte
balance under CCS may be accompanied by coagu-
lation disorders, linked to fluctuations in ion con-
centrations, especially K, Ca**, and Mg*" [33, 35].

The observed changes indicate that CCS is a
significant factor in disrupting ionic balance, which
can diminish the organism’s adaptive capacity and
resilience to prolonged extreme exposures. Notably,
phosphorus levels — critical for energy metabolism
and ATP synthesis — remained stable under CCS
conditions (see Table 1).

Dalargin administration under CCS had a pro-
nounced effect on ionic homeostasis, particularly
contributing to the normalization of Cl” and Ca*"
concentrations in the blood. One possible expla-
nation for this outcome is the elevation of stress
hormone levels triggered by CCS, which activates
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signaling cascades — a finding consistent with
previous studies [17].

The observed decrease in phosphorus concen-
tration following dalargin administration deserves
special attention, as it may reflect the compound’s
involvement in regulating energy and mineral
metabolism under stress. Similar effects of neuro-
peptides on phosphate-calcium metabolism have
been described by H. Park et al. [22] and S. Amar
et al. [2], suggesting a potential role for dalargin in
enhancing phosphate utilization for ATP synthe-
sis — a key energy carrier essential for restoring
disrupted homeostasis under CCS [3, 24].

Moreover, considering phosphorus role in blood
buffering systems and maintaining cellular mem-
brane integrity — as noted by I. Shaw et al. [31]
and Y. Posor et al. [25] (—its reduction may signal
the activation of adaptive cellular mechanisms. This
could also be linked to the proliferation and mobi-
lization of hematopoietic stem and progenitor cells
(HSPCs), as demonstrated in the study by M. Ada-
miak et al. [1].

Thus, the decrease in phosphorus levels, com-
bined with the increase in leukocyte populations
in the blood of dalargin-treated animals, may in-
dicate activation of the organism’s metabolic re-
sponse. This finding aligns with studies by M.Z. Ra-
tajczak et al. [26] and X. Zhang et al. [40], which
showed that elevated ATP production under stress
conditions stimulates leukopoiesis and promotes
an increase in immune cell numbers in peripheral
blood. Specifying the findings, particular attention
should be paid to changes in the platelet com-
ponent. Under CCS conditions, a reduction in pla-
telet count was observed, likely due to temperature-
induced apoptosis during rewarming to normo-
thermia [36]. In contrast, dalargin administration
resulted in a significant increase in platelet num-
bers, which may indicate activation of the sym-
pathetic nervous system, mobilization of cells from
storage sites, and stimulation of hematopoiesis
as part of the organisms adaptive response to
cold stress.

Thus, dalargin administration under CCS con-
ditions influences both ionic and hematopoietic
homeostasis in experimental animals. The results
confirm one of dalargin mechanisms of action, i.e.
its ability to stabilize cell membranes, thereby
normalizing the function of ion channels and
transporters. This helps maintain the balance of
key ions such as K*, Na*, and Ca®>" between the
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intracellular and extracellular media, which is cri-
tical for normal cell function and overall homeo-
stasis under CCS.

Studying changes in electrolyte balance and he-
matological parameters under cold stress and da-
largin treatment is essential for understanding
mechanisms of adaptive potential correction du-
ring prolonged cooling. Future research should
explore the dose-dependence and duration of
dalargin effects on ionic and hematopoietic homeo-
stasis, its mechanisms of action on membrane ion
channels and transport proteins, potential syner-
gistic effects with other neuropeptides, as well as
the long-term consequences of correcting electro-
lyte and hematological balance for the organism’s
functional state under chronic cold stress.

CONCLUSIONS

Under CCS conditions, compared to intact animals,
there were observed a redistribution of leukocyte,
characterized by a 2.8-fold increase in band neu-
trophils, a 1.2-fold decrease in segmented neutro-
phils, and a 2-fold reduction in lymphocytes, mo-
nocytes, and platelets. Dalargin administration
significantly increased platelet counts by 1.3 times,
normalized the leukocyte profile, and promoted a
1.4-fold rise in segmented neutrophils.

CCS led to an average 1.3-fold rise in blood con-
centrations of K", Ca®*, and Cl" compared to the
intact group. Dalargin administration signi-ficantly
reduced these concentrations and increased phos-
phorus levels by approximately 2-fold compared to
both intact and control values.
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BITVIMB XPOHIYHOTI'O XOJIOJOBOI'O CTPECY TA TATAPITHY
HA ITIOKA3HVMKNM KPOBI MOPCBKHMX CBMHOK

Y po60Ti JOCTIHPKEHO BIVIMB CUHTETUYHOIO HEIPOIeNTH/y Aa/lapriHy Ha reMaTOJIOTiuHi IIOKa3HUKM Ta elIeKTPOJIiT-
HUJI TOMeOCTa3 KpOBi MOPCBKMX CBMHOK 3a YMOB XpOHiuHOro xonoposoro crpecy (XXC) mpu temneparypi 4 °C
BIIPOJOBX IUATU AHIiB. YcTaHOBIeHO, 0 XXC CyIpOBOMKYETbCA 3MEHLIEHHAM KiIbKOCTI TPOMOOLWTIB Ta IO-
PYLIEHHAM JlefiKonuTapHol GopMynn, 30KpeMa 3pOCTaHHAM BMICTy NalINYKOALepPHUX HeMTpoQiliB Ha T/Ii SHIDKEH-
HA BifICOTKa CErMEHTOs[IepHMUX HeUTpodiniB, TiMPOLUTIB i MOHOLUTIB Ta 3MEHIICHHA 3Ha4YeHb iHJIeKca ajaIlTail.
OpHOYacHO Bifj3HaYaI0CA MifIBUIEHHA KOHIIEHTpallill Ka/lbllio, Ka/lilo Ta XJIOPy B KPOBI, [0 CBiYUTD IPO MOPYLIEHHA
eJIeKTPOJITHOrO 6ajaHCy Ta iOHHOro romeocrasy. BBemeHHsA mamapriny samobirajo TakuM 3MiHaMm, IIO CIPUSAIO
BifIHOB/ICHHIO (pi3i0NOriYHOrO CIIiBBiHOIIEHHA KITITUH JEMKOLMTApHOI (pOpMynnu, 30iIbIIEHHI0 KiNbKOCTi TpoMOO-
LMTiB Ta HOpMai3aliil KOHIIeHTpalill KTI0YOBUX €IeKTPOIITIB y I1asMi KpoBi. KpiM Toro, 3apeecTpoBaHo MifiBUILEH-
HA IHEeKCy apanranii, 1[0 CBIIYMTH IIPO aKTUBALI0 CUCTEMM KPOBOTBOPEHHSA Ta MoOinisamilo ajanrtaniiiHoOro
noreHujany opranismy. OTpuMaHi pesynbTaTu HiATBEepMIKYIOTh IIOTEHIaN Hanapriny K epeKTUBHOIO 3acoly misd
HiTPUMKM CUCTeMU KPOBI, elIeKTPOITHOTO 6a/IaHCy Ta afallTallillHMX MOXX/IMBOCTEN opranismy B ymoBax XXC.

Kntouosi cnosa: ajanralis, X0mofoBmil cTpec, Kpiobionoris, rimorepmis, ganaprid, e1eKTponiTHMiI 6ajaHC, reMa-
TOJIOTiYHi ITOKa3HUKU.
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