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THE IMPACT OF INDOLINE DERIVATIVES ON THE CARBOHYDRATE
METABOLISM OF RATS WITHIN A COLD STRESS MODEL

This study investigated the protective effect of 2-oxoindoline-3-glyoxylic acid derivatives and its mechanisms upon cold in-
jury in rats. The protective activity of 13 newly synthesized 2-oxoindoline-3-glyoxylic acid derivatives was evaluated at a
dose of 12 mg/kg body weight administered intraperitoneally. One hour after administration, the physical endurance of male
rats was assessed under cold stress conditions (water temperature +10 °C) with an additional load (10% of body weight) by
measuring the duration of swimming (in seconds) until the appearance of complete fatigue (immersion). The results were
compared to those of the reference substance ethylthiobenzimidazole at a dose of 50 mg/kg. The most effective results were
observed after the administration of 2-hydroxy-2-(5-methyl-2-oxy-1,2-dihydroindol-3-ylidene)-N-phenylacetamide. In ani-
mals, serum glucose levels and carbohydrate metabolism indicators in hepatocytes (glycogen, glucose, pyruvate, lactate con-
tent and their ratio) were determined. It was established that administering 2-hydroxy-2-(5-methyl-2-oxy-1,2-dihydroindol-
3-ylidene)-N-phenylacetamide significantly prolonged the duration of swimming in cold water, compared to both the control
group and the group administered ethylthiobenzimidazole. Under hypothermic conditions, this compound prevented hypo-
glycaemia and positively affected carbohydrate metabolism in the liver, as evidenced by preserved glycogen, glucose and py-
ruvate content, and increased lactate levels.

Key words: 2-oxoindoline derivatives, glyoxylic acid, cold resistance, cold exposure, carbohydrate metabolism, glycogen, glu-
cose, pyruvate, lactate, male rats.

The adverse effects of cold can have a negative
impact on the body, causing various pathologies
to develop. [18]. Excessive exposure to low tem-
peratures can result in considerable harm, with the
potential to cause disability and even fatality.

Cold exposure is one of the unfavorable envi-
ronmental factors affecting the population of
Ukraine, especially under current conditions of
ongoing warfare [3]. Cold injuries most fre-quently
occur among mountaineers, homeless individuals,
workers in refrigeration units, and military per-
sonnel [5]. Contributing factors include high

humidity, disorders affecting thermoregulation
(cachexia, hypothyroidism, alcohol intoxication),
and excessive physical exertion [4].

During the winter in Ukraine, military personnel
often sustain cold-related injuries, particularly in
challenging combat conditions. [8]. It should be
noted that cold weather has a negative effect on the
cardiovascular system and increases mortality from
this pathology [9].

This highlights the urgent need for new, safe, and
effective means of preventing and treating cold
injuries, particularly under extreme conditions in
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which most hypothermia cases result in poor out-
comes. To maintain physical performance, es-
pecially under excessive cold stress, actoprotectors
can be used, although their range is currently very
limited.

Glyoxylic acid and its derivatives are actively be-
ing studied. Derivatives of 2-oxoindoline-3-glyo-
xylic acid have demonstrated antihypoxic, anti-
oxidant, nootropic, antidepressant, analgesic, and
antistress activities [10, 11]. These compounds
exhibit low toxicity and are capable of modulating
the activity of neurotransmitter systems and/or
endogenous ligands [12]. The presence of a gly-
oxylic acid fragment in the molecule may contri-
bute to improved water solubility as well as
favorable membrane-tropic and metabolic effects.

A review of the literature revealed that suffici-
ent information has been accumulated on the neu-
rotropic activity of 2-oxoindoline-3-glyoxylic acid
derivatives for the treatment of cold injury. This
information is a prerequisite for searching for and
studying new compounds with similar phar-
macological properties [10].

Since glucose and its metabolites play an im-
portant role in compensating for energy metabolic
processes that develop in response to cold factors
[6, 7], the effect of these limited processes became
the basis for predicting the effect of the compounds
under study.

The aim of this study was to investigate the effect
of 2-oxoindoline-3-glyoxylic acid derivatives on
carbohydrate metabolism during cold exposure.

MATERIALS AND METHODS

The study was conducted at the vivarium of Poltava
State Medical University and was approved by the
Ethics Committee of Poltava State Medical Uni-
versity (Protocol No. 225 of March 21, 2024). Ex-
perimental studies were conducted in accordance
with the main requirements of the Law of Ukraine
‘On the Protection of Animals from Cruel Treat-
ment’ (No. 3446-1V of February 21, 2006), the
European Convention for the Protection of Verte-
brate Animals used for Experimental and other
Scientific Purposes (18 March 1986), Directive
2010/63/EU of the European Parliament and of the
Council on the protection of animals used for
scientific purposes (22 September 2010).
Experiments were performed on 150 sexually
mature (6—7-month-old) male Wistar rats weig-
hing 180—200 g. The animals were housed under
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a 12-hour light/dark cycle (8:00—20:00 light;
20:00—8:00 dark) in cages of 4-5 rats each, recei-
ved a diet in the form of feed mixture, and given
free access to water. Experiments were conducted
in the spring, during the first half of the day. Each
group consisted of 10 animals.

Simple amides of 2-oxoindoline-3-glyoxylic acid
with laboratory codes were used for the study: 2
(2-hydroxy-2-(2-oxy-1,2-dihydro-indole-3-
ylidene)-N-phenethyl-1-acetamide); 15 (2-hydroxy-
2-(5-methyl-2-o0xy-1,2-dihydroindol-3-ylidene)-N-
phenylacetamide); 1-B (N-biphenyl-2-yl-2-hydroxy-
2-(2-oxy-1,2-dihydroindol-3-ylidene)-acetamide);
2-T (2-hydroxy-2-(2-oxy-1,2-dihydroindol-3-
ylidene)-N-[1,2,4]triazol-4-ylacetamide); K
(2-hydroxy-N-(4-methyl-2-oxy-2H-chromen-7-yl)-
2-(2-oxy-1,2-dihydroindol-3-ylidene)-acetamide);
38 (2-hydroxy-2-(2-oxy-1,2-dihydroindol-3-
ylidene)-N-phenylacetamide); M (2-hydroxy-N-[2-
(naphthalen-1-ylamino)-ethyl]-2-(2-oxy-1,2-
dihydroindol-3-ylidene)-acetamide); IK (hydroxy-
(2-oxy-1,2-dihydroindol-3-ylidene)-acetamide);
Hip-1 (N-[(2-o0xy-1,2-dihydroindol-3-ylidene)-
phenethylcarbamoyl-methyl]-benzamide); 18-4(E)-
2-hydroxy-N-(4-hydroxy-naphthalen-1-yl)-2-
(2-hydroxyindolin-3-ylidene)-acetamide), 18-5
((E)-2-hydroxy-N-(5-hydroxy-naphthalen-1-yl)-2-
(2-hydroxyindolin-3-ylidene)-acetamide); 1407
(ethyl ester of [2-hydroxy-2-(2-o0xo0-1,2-dihydro-
indol-3-ylidene)-acetamido]acetic acid), whose
molecules differed in amino acid residues. These
compounds were synthesized at the Department of
Analytical Chemistry, National University of
Pharmacy (Kharkiv), under the supervision of Prof.
S.V. Kolisnyk.

The compounds ex tempore were suspended in
water for injection using the emulsifier «Tween-80»
(Sigma-Aldrich, USA) (1 drop per 25 mg of test
substance) and administered intraperitoneally at
a dose of 12 mg/kg body weight one hour before
testing. The doses were selected based on previous
studies in which 2-oxoindoline-3-glyoxylic acid de-
rivatives exhibited antioxidant, neurotropic, and
stress-protective effects [11, 12]. Ethylthiobenzi-
midazole at a dose of 50 mg/kg body weight, syn-
thesized at the experimental plant of the Institute
of Organic Chemistry of the National Academy of
Sciences of Ukraine (Kyiv), was used as a referen-
ce compound.

The control group consisted of animals that were
given the same volume of solvent (0.9% sodium
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chloride solution) containing one drop of Twin-80
emulsifier. These animals were subjected to the
same exposure as the experimental cohort.

The effects of 2-oxoindoline derivatives were stu-
died under cold exposure, which involved forced
swimming in water at +10 °C with an additional
load equal to 10% of the rat’s body weight. The time
to exhaustion (submersion) was recorded, as well
as the total swimming time (in seconds). This mo-
del simulates cold injury, specifically immersion
hypothermia under extreme conditions [1].

The mechanisms underlying the protective ac-
tion of the most active 2-oxoindoline derivative
were examined one hour after the experiment. The
glycogen content in rat livers was studied using
the anthrone method [17], serum glucose using
standard kits from NVP «Philisit-Diagnostika»
(Ukraine), as well as lactate and pyruvate (Spine-
Lab, Ukraine), and calculated the lactate/pyruvate
ratio in rat liver homogenate.

Statistical analysis of the experimental data was
performed using «Statistika 6,0» (StatSoft, USA)
software and the Kruskal-Wallis criteria. Differences
were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

The study showed that the average swimming du-
ration in intact rats in water at +10 °C was 251 +
+ 30.4 seconds. Administration of the solvent with
emulsifier to control group animals did not sig-
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differences are significant compared to the corresponding

nificantly affect swimming duration, which under
stressful conditions was 265 + 25.4 seconds.

A 1.4-fold increase in swimming duration was
observed in relation to the use of the substance
ethylthiobenzimidazole, compared to the control
group (p < 0.01).

Preventive administration of 2-oxoindoline-3-
glyoxylic acid derivatives promoted increased phy-
sical endurance in rats under hypothermic condi-
tions, as evidenced by prolonged swimming time
with added weight compared to controls (see Figure).

The introduction of compound 15 prolonged
the swimming time of rats by 1.8 times (p < 0.01)
compared to the control group and by 1.3 times in
comparison with the substance ethylthiobenzimi-
dazole (p < 0.05). Compounds labeled K and Gyp-
1 increased swimming time by an average of 1.3
times compared to the control group (p < 0.05).
Compound 1407 prolonged swimming time by
1.4 times compared to the control group (p < 0.05)
(see Figure). Conversely, compounds 2, 1-B, 2-T,
38, M, IK, 18-4, and 18-5 had no significant effect
on swimming time under hypothermia with an
addi-tional load, indicating a lack of protective
action.

Thus, some derivatives of 2-oxoindoline-3-glyo-
xylic acid (specifically compounds 15, K, Gyp-1,
and 1407) demonstrated protective effects under
cold exposure. These effects were comparable to
those of ethylthiobenzimidazole. Notably, com-
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Cold exposure under extreme conditions led
to significant metabolic disturbances in the or-
ganism, particularly changes in key carbohydrate
metabolism products, such as activation of glyco-
genolysis and glycolysis. The cold-induced reduc-
tion in liver glycogen was due to its intensive
breakdown into glucose, which was rapidly meta-
bolized. Decreased blood glucose levels can be
explained by accelerated glycolysis under extreme
stress conditions [19], resulting in the accumulation
of under-oxidized carbohydrate metabolites such
as pyruvate and lactate, and the onset of fatigue.
One possible mechanism of exhaustion is tissue
hypoxia and the predominance of anaerobic meta-
bolism, particularly glycolysis activation, which
disrupts the synthesis of high-energy phosphate
compounds (macroergs) under cold exposure [14].
Another potential mechanism for fatigue and re-
duced skeletal muscle contractility may be redu-
ced neuromuscular transmission due to decreased
reticular formation activity and increased serotonin
levels in the frontal cortex and hippocampus [13].

It was established that compound 15 showed
the strongest protective effect under cold exposure
among the tested 2-oxoindoline-3-glyoxylic acid
derivatives. This effect is likely associated with its
positive influence on carbohydrate metabolism
products in rat liver. Additionally, its involvement
in myogenesis cannot be ruled out, as glyoxylic acid
has recently been shown to promote myogenesis
and prevent dexamethasone-induced muscle atro-
phy [15]. This was evidenced by the prevention of
glycogenolysis and the increase in liver and serum
glucose levels, potentially due to the compound’s
hormonal regulatory influence on these processes.

The 2-oxoindoline derivative also reduced levels
of under-oxidized products and shifted the gly-
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3MIHN BYITTEBOOHOTI'O OBMIHY B ITEYIHII ITYPIB 1] AIEIO0 ITOXIIHMX IHOOJITHIB
Y MOJIEJIT XOJIOOOBOI'O CTPECY

Y pob6oTi gocmimKyBany HasIBHICTb 3aX1MCHOI il HOXITHMX 2-OKCOIHA0/MIH-3-T/IIOKCUIOBOI KMCTIOTH Ta il MexaHi3Mu 3a
XOJIOZOBOI TpaBMM LIypiB-caMIliB. BuBYany 3aXucHy [0 HOBMX ITOXiJHUX 2-OKCOiH/IOMiH-3-T1iokcunoBoi kucmoru (13
CIIONYK) y 1031 12 MI/KT Macy Ti/la TBapMH B yMOBaX X0JIOI0BOTO BIUIUBY, AKi BBOAMIN BHY TPilIHbOOYEepEeBIMHHO. Yepes
1 ropuHy focmimKysany GisuuHy BUTPUBATICTD ITypiB-caMIliB ipu Temmeparypi 10 °C i3 1ofaTKOBUM HaBaHTXKEHHSIM
(10% Bij Macy Tina TBApUHIM) IIIAXOM BU3HAYEHH S TPUBAJIOCTI I/TaBaHHA 10 ITOSBM O3HAK IIOBHOI BTOMU (3aHYPIOBAaHHA)
i mopiBHIOBa/IN 3 TPUBAJIICTIO MIABAHHS MIC/IA BefeHHA 50 Mr/Kr eTunriobensiminasony. Harikpammit eexr crocre-
piraBcsi micsi BBeeHHS 2-TimpoKcu-2-(5-MeTun-2-okcu-1,2-aurigpoingon-3-inigen)-N-deninaneraminy. Y tBapus
BU3HAYa/IM piBeHb IIIFOKO3M y CHPOBATI KPOBI IIOKA3HMKM BYITIEBOJHOrO OOMiHY B remaToIuTax (BMICT ITIiKOreHy,
[JIIOKO3H, HIpyBary, TaKTaTy Ta IX CIiBBiZHOIIEHH:). BcTaHOB/IEHO, 1110 BBeleHHS pedOBUHY 2-TifpoKcu-2-(5-MeTniI-
2-okcn-1,2-purifpoingon-3-inifeH)-N-deHinaneraMiny 3Hauylle CHOPUSAIO MOFOBXEHHIO TPMBAIOCTI IIABAaHHS Yy
XOJIOfHIiT BOZI MOPIBHAHO 3 IOKa3HMKaMy KOHTPOIBHOI IPYIM i TPYIN 3 BBEEHHAM eTHATiobeH3iMifasony. 3a yMoB
rinoTepMil faHa cIIonyka 3amobiraza po3BUTKY rimortikeMii Ta MO3UTUBHO BIIMBaa Ha OOMIH BYIZIEBOZIB Y MediHIii,
IO MifITBEPKYBATIOCh 36€Pe>KeHHAM BMICTY IIIIKOTeHY, IIIOKO3M, MIPYBaTy Ta Mi/|BUIIEHHAM PiBHSI TAKTaTY.

Kntouoei cnosa: noxifHi 2-0KCOiHJOMiHY, ITiOKCUIOBAa KICTIOTA, XONOAOBA CTiMIKiCTh OpraHi3sMy, XO/NO[OBUI BILIUB,
00OMiH BYITIeBOAIB, ITIIKOTeH, I/II0K03a, MipyBaT, IAKTaT, L[y py-CaMIii.
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