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The study of the effect of preparations of glucosamine and

acetylsalicylic acid on the behavioral reactions and the physical

endurance of rats on the model of acute local cold trauma

Aim. To study effect of preparations of glucosamine and acetylsalicylic acid on behavioral actions and physical
endurance on the model of acute local cold trauma (CT) in rats.

Materials and methods. Contact frostbite was modeled by V. V. Boyko method. The rectal temperature was de-
termined in 40 min after the simulation of the local CT. The state of the central nervous system was assessed 1 hour
after CT by behavioral reactions in the “open field” test. The motor activity, orienting research activity, emotional reac-
tions and their vegetative support, number of fecal boluses and urinations were determined.

Results and discussion. It has been found that the drugs studied assist to normalization of the rectal tempera-
ture, as well as improve the dynamics of recovery of behavioral reactions and the physical activity in rats after acute
local cold trauma.

Conclusions. On the model of forced swimming with a load after acute local trauma acetylsalicylic acid increased
the time of the physical fatigue onset by 1.4 times, Glucosamine-C BCPP by 1.7 times and glucosamine hydrochloride
by 1.66 times. Preparations of glucosamine showed the best protective effect.
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€. B. boHgapes

HauioHanbHun bapmaLueBTMYHMIA YHIBEpCUTET, YKkpaiHa

HocnigxeHHA BNNUBY npenapariB rnoKko3amiHy Ta aueTuncaniuunoBoi KUCNOTH
Ha noBeAiHKOBI peakuii Ta (pi3nyHy BUTpPMBanICTb WYpPiB Ha MoAaeni rocTpoi
NoKanbHOI XonogoBoi TpaBMU

Meta. Ha mogeni rocTpoi nokaneHOi XornogoBoi TpaBMu (BiAMOPOXEHHS) Y LLYpPiB AOCNIAUTY BNNVB nNpenaparis
rMOKO3aMiHy Ta aLeTuncaniunnoBoi KUCNOTU Ha NOBEAiHKOBI peakuil Ta (i3nyHy BUTPUBAnICTb.

Marepianu Ta metoaun. KoHTakTHe BiOMOPOXeEHHA ModentoBanu 3a metogom bownko B. B. PektanebHy Temnepa-
Typy BusHayanu undposum TepmomeTpom WSD-10 yepes 40 xB nicns mogentoBaHHsa nokanbHoi XT. CTaH ueHTparnb-
HOI HEpBOBOI cucTeMmu ouiHoBanu Yepes 1 roguHy nicns XT 3a NOBEAiHKOBUMY peakLisiMn B TECTI «BiAKpUTE noney.
BusHa4anu pyxoBy aKTUBHICTb, OPIEHTOBHO-AOCAIOHNULBbKY OiSiNbHICTb, eMOLINHI peakuii Ta iX BereTaTuBHUI CynpoBia,
BM3HaYanm KinbKicTb dhekanbHux 6ontociB Ta ypuHaLii.

PesynbraTty Ta ix o6roBopeHHs. BctaHoBneHo, Wo AoCnigpKyBaHi npenapaTtu CnpusaoTb Hopmanisauii pekTtarns-
HOI TemnepaTtypu, NO3NUTUBHO BMMUBAKOTL Ha AMHAMIKY BiJHOBMEHHS NOBEAIHKOBUX peakLin Ta gisnyHOi BUTPMBAnIOCTI
y WypiB Nicnsi rocTpoi NlokanbHOT XONO40BOI TPaBMMU.

BucHoBkW. Ha mofeni npMMycoBOro nnaBaHHS 3 HaBaHTaXEHHSAM MiCNsA rocTpoi fIoKanbHOT XOroA40BOI TpaBMu
ACK 36inbluiyBana 4ac HacTaHHs i3N4HOro BUCHaXxeHHs B 1,4 pasu, «mioko3damiH-C BXP3» —B 1,7 pasuta I r/x —
B 1,66 pasu. lNMpenapatu rmoko3amMiHy BUSBUIN HAVKPaLLMIN 3aXUCHUA edeKT.

Knrovoei cnoea: nokansHa xonodosa mpasma, noeediHKosi peakuii; ¢hisuyHa sumpusaricms;
auemuricarniyurnosa Kucrioma, 21oKo3amiH

E. B. boHpapes

HauunoHanbHbIN (hapmaueBTUYECKUIA YHUBEPCUTET, YKpanHa

UccnepgoBaHue BNUsiHUA nNpenapaTtoB rMOKo3aMUHA U aueTuncanmununoBon KUCHOTbI
Ha noBeAeH4YeCcKue peakumm U (puanyeckyro BLIHOCIIMBOCTb KPbIC Ha MoAesniu OCTPou
NoKaribHOW XONo4o0BOW TPaBMbl

Llenb. Ha mogenu ocTtpor nokanbHOM XorogoBon TpaBMbl (OTMOPOXEHMS) Y KPbIC U3y4UTb BNUSTHUE MpenapaToB
rMOKO3aMmnHa 1 aueTUNcanuumnnoBon KUCNOTbI HA NOBEAEHYECKME peakunm 1 n3NYeCKy BbIHOCINBOCTb.

Matepuansi u MmeToabl. KoHTakTHOE 06MOpOoXeHNe MogenvpoBanu no metoay boiiko B. B. PektanbHyto Temnepatypy
onpeaenanu ungposbiM TepmoMmeTpom WSD-10 yepes 40 MvH nocrne MogenupoBaHust nokansHon XT. CocTosiHne
LEHTPanbHON HEPBHOWM CUCTEMbI oueHuBanu Yyepes 1 yac nocne XT No NOBeOEHYECKUM peakumsiM B TECTE «OTKPbITOE
nonex». Onpenensany asuratenbHy akTUBHOCTb, OPUEHTUPOBOYHO-UCCNEN0BATENBCKYO AEATENbHOCTb, SMOLIMOHArbHbIE
peakumun 1 nx BereTaTMBHOE CONPOBOXAEHME, ONpeaensiny KonmyecTBo oekanbHbIX 60MCoB 1 yprHaLWi.

Pesynbrathbl 1 Ux obcyxaeHue. YCTaHOBMNEHO, YTO Mccreayemble npenapartbl CnocobCTBYHOT HOpManuaauum
peKkTanbHOM TemnepaTypbl, MO3UTUBHO BIMSIOT HA QUHAMUKY BOCCTAHOBIEHMS NMOBEAEHYECKMX Peakumii 1 (oU3nNYecKyto
TPYAOCNOCOBHOCTL Y KPbIC MOCINE OCTPON NOKanbHOW XOro40BON TPaBMbl.

BbiBoabl. Ha Mogenu npvHyauTensHOro nnaeaHbsi C Harpy3koi nocne OCTPOK NoKanbHOW XOnoA0BoOW TpaBMbl
aueTuncanMuMIoBast KUcrnoTa yBenvuusana Bpemsi HacTynneHus gusndeckoro ytomneHns B 1,4 pasa, «[miokosammnH-C
BX®3» —B 1,7 pa3a, a I r/x — B 1,66 pasa. lNpenapaTbl rMoKO3aM1MHa NPOSABUNN HAUMYYLLNA 3aLUTHBIA 3 DEKT.

Knrodeenle cnoea: rokanbHas xonodosasi mpasma; nogedeHYecKue peakyuu,; pududeckasi 8bIHOCIIUBOCMb;
auemuricanuyuoeas Kucioma; 2/1toKo3amMmuH
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Introduction. In the modern world people are affec-
ted by a large number of negative environmental factors.
Emergency work, adverse climatic conditions, psycho-
technogenic impacts, and combat actions are major stress-
related factors [1-4]. The damage of the body with low
environmental temperatures is very important. Cold trau-
mas (CT) in the structure of injuries in peacetime are
3-10 % and accompanied by high disability of victims
and mortality [5, 6].

The pathogenesis of the low body temperature af-
fects changes in the central nervous, cardiovascular, endo-
crine, immune, respiratory, excretory systems, gastroin-
testinal tract and skin [7].

The arsenal of medicines with the frigoprotective ac-
tion is rather narrow. In addition, most of these agents
affect only one or more components of the pathogenesis
of CT. Therefore, the search for new safe and effective
frigoprotectors is important. Convincing evidence of the ef-
fectiveness of glucosamine hydrochloride (G h/ch) in CT
was obtained. G h/ch and the dietary supplement Glu-
cosamine-C BCPP containing G h/ch and ascorbic acid
in acute CT has a distinct protective effect: reduces hypo-
thermia, improves animal survival, the motor and phy-
sical activity, normalizes rheological properties of the blood,
exceeding acetylsalicylic acid (ASA) — the known frigo-
protector [8-10]. Under the conditions of CT ASA, Glu-
cosamine-C BCPP and especially G h/ch exhibit distinct
anti-inflammatory properties as evidenced by a signifi-
cant decrease in interleukin IL-1b and an increase in the con-
tent of IL-10 [11]. On the acute CT model the highest
frigoprotective effect was shown by G h/ch and Glu-
cosamine-C BCPP when no inflammatory reactions and
microcirculation disorders in the skin were observed;
under the effect of G h/ch the histological structure of
the skin was close to that in the intact control group [12].

After 14 days of taking the dietary supplement Glu-
coamine-C BCPP under the effect of cold during field exer-
cises the cadets of the National Academy of the National
Guard of Ukraine had a reduced risk of acute respira-
tory diseases, an increased adaptation of the organism
to a long-lasting effect of low temperatures, an increa
sed concentration of attention and mental working ca-
pacity [13].

G h/ch is an effective antihypothermic and antioxi-
dant agent in the local CT [14]. The nootropic action
of G h/ch [15] was revealed. This suggests the ability
of G h/ch to improve behavioral reactions and physical
endurance in CT. The clarification of this ability was
the purpose of this study.

The aim of the work was to determine the effect of
preparations of glucosamine and acetylsalicylic acid on
the body temperature, behavioral responses and physi-
cal endurance of rats in conditions of acute local CT.

Materials and methods. Experiments were done on
30 white outbred male rats weighing 200-250 g. Animals
were kept on a standard diet of the vivarium with free
access to water, with constant temperature and humidity.
The protocol of the study is consistent with bioethical
standards and corresponds to the “General ethical prin-
ciples of animal experimentation” (Ukraine, 2001) and

is not in contradiction with the provisions of the “Euro-
pean Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Pur-
poses” (Strasbourg, 1986) [16].

Contact frostbite was modeled by V. V. Boyko me-
thod [17] under thiopental anesthesia (40 mg/kg) on the de-
pilated area of the back skin 1.5 cm away from the spine.
A copper plate of 3.5 x 3.0 cm pre-cooled in liquid nitro-
gen (-196 °C) was applied to the depilated skin for 3 min.
This method allows obtaining cold skin lesions that are
standard by area and depth and correspond to the I1I de-
gree of frostbite by clinical classification. The rectal tem-
perature was determined by a WSD-10 digital thermo-
meter in 40 min after the simulation of the local CT.

The state of the central nervous system (CNS) was as-
sessed 1 hour after CT by behavioral reactions in the “open
field” test [18]. The motor activity, orienting research
activity, emotional reactions and their vegetative sup-
port, number of fecal boluses and urinations were deter-
mined [16]. Physical endurance of animals was studied
20-30 min after the “open field” test on the model of
forced swimming with a load (7.5 % of the body weight
at the root of the tail). The criterion for the total exhaus-
tion was the 10-second stay of animals under water and
the inability to come to the surface to breath [5].

The following drugs and substances were used in
the study: 0.9 % NaCl solution, Glucosamine-C BCPP
(PJSC SPC “Borschagovsky CPP”, Ukraine), glucosa-
mine hydrochloride (G h/ch) substance (Sigma-Aldrich,
Germany) and soluble ASA tablets (Bayer, Germany).
They were administered as a water solution intragastri-
cally (i/g) in the prophylactic mode 30 min before CT.
Animals were divided into 5 groups: group 1 — intact
control (IC) (n = 6), rats were injected NaCl (1 ml/100 g);
group 2 — control pathology (CT) (n = 6), rats were injec-
ted NaCl (1 ml/100 g); group 3 — ASA (25 mg/kg) + CT
(n = 6); group 4 — Glucosamine-C BCPP in the dose of
82.5 mg/kg corresponding to 50 mg/kg of G h/ch, + CT
(n = 6); group 5 — G h/ch (50 mg/kg) + CT (n = 6).
Doses of G h/ch of 50 mg/kg and ASA of 25 mg/kg are
conventionally effective in CT [19].

The statistical processing of the results was carried
out by the methods of variation statistics using “Statis-
tica, V. 6.0” statistical program standard package with
the calculation of the average value and its standard er-
ror, the significance of differences by Student’s criteri-
on (t) for the normal distribution. In its absence the non-
parametric White’s test was used. Differences were con-
sidered statistically significant if p < 0.05 [20].

Results and discussion. One hour after the end of
the simulation of acute local CT a distinct hypothermia
and a severe general condition of animals were obser-
ved (Tab. 1).

In all experimental groups a significant reduction in
the rectal temperature (p < 0.05) was observed compa-
red to the intact control group. Thus, in the group of CT
it decreased on average by 1.8 °C, in the ASA group —
by 1.58 °C, in the group of Glucosamine-C BCPP—by 1.4 °C
and in the G h/ch group — by 1.22 °C. Under the effect
of Glucosamine-C BCPP and G h/ch a tendency to re-
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Table 1

Indicators of the rectal temperature in rats before and after CT under the effect
of preparations of glucosamine and acetylsalicylic acid, t °C (M = m, n = 6)

Animal groups

Period of observa-

: Control pathology Glucosamine-C BCPP,
t
ion Intact control CT) ASA, 25 mg/kg 82.5 mg/kg G h/ch, 50 mg/kg
Before cold trauma 39.20 £ 0.07 39.07 £ 0.06 39.20 + 0.09 39.23 +0.08 39.08 + 0.06
30 min after cold - 37.4+027% | 37.62%0.12%/% 37.78 £0.15* 37.98 + 0.09*
trauma

Notes: * — significant in relation to the intact control, p < 0.05; ** — significant in relation to G h/ch, p < 0.05.

store the parameters of the rectal temperature compared
to the group of intact animals. G h/ch had the best ef-
fect on temperature: the temperature was significantly
higher (p < 0.05) compared to the ASA group.

The effect of acute local CT on the state of the CNS of
rats after 3 days was characterized by a change in the pa-
rameters of behavioral reactions in the “open field” test
(Tab. 2).

In the CT group there was a significant decrease in
the locomotor, orienting research activity, vegetative sup-
port and emotional reactions (number of boluses and gro-
oming acts) of rats, as well as the total activities compared
to the intact control. This kind of change may indicate a
significant inhibition of the CNS on the background of hy-
pothermia and endotoxicosis as a result of severe local CT.

After the administration of ASA, Glucosamine-C BCPP,
and G h/ch these indicators were significantly lower than
those in the intact control group, but there was a signi-
ficant increase in the locomotor activity on the back-

ground of all drugs and the total activities under the ef-
fect of all drugs compared to the indicators of the CT
group. It indicates an increase in the tone of the CNS.
By a positive effect on the orienting research activity G h/ch
significantly exceeded than ASA.

On the background of acute local CT the physical
endurance of rats decreased by 1.7 times by the time
of forced swimming with a load (Tab. 3). ASA, Glu-
cosamine-C BCPP and G h/ch caused a positive effect
on this indicator in relation to the CT group. ASA in-
creased the time of fatigue by 1.4 times, Glucosamine-C
BCPP — by 1.7 times, G h/ch — by 1.66 times. Taking
into account the positive effect on this indicator Glu-
cosamine-C BCPP and G h/ch reveal marked actopro-
tective properties.

Thus, the results of the study of the effect of glu-
cosamine preparations on the rectal temperature, beha-
vioral responses in the “open field” test and physical en-
durance in acute local CT indicate the positive effect of

Table 2

Indicators of behavioral and emotional reactions in the “open field” test in rats exposed to acute local
cold trauma and effects of preparations of glucosamine and acetylsalicylic acid (M £ m, n = 6)

Acute local cold trauma (stress)
Markers (for 3 min) Intact control Control Glucosamine-C BCPP
pathology CT ASA, 25 mg/kg 82.5 mg/kg "| G h/ch, 50 mg/kg
Locomotor activity
Passed squares | 52.83+7.85 5.0 +1.24* 23.67 £ 445%/** 18.83 £ 5.01%/** 24.0 + 3.45%/**
Orienting research activity
Holes 16.67 + 2.95 2.67 £0.96%/*** | 1.67 + 0.72%/*** 433+£1.17*% 7.83 £ 1.17%/**
Postures 10.83 £ 1.94 1.33 £0.62%/*** | 2.50 £ 0.62%/*** 433+ 1.33*% 7.33 + 1.05**
Emotional reactions and vegetative support
Fecal boluses 1.83 £0.48 0.33+0.21*% 0.50 + 0.34* 0.83 £0.40 0.50 + 0.22*%
Urinations 0.33+£0.21 0£0 0+0 0.17+£0.17 0£0
Grooming 0.83 +0.65 0+ 0% 0.67 £0.67 217 +£1.25 0.17+£0.17
The total activities
In total 83.33+11.54 9.33 £ 1.61%/*** | 29.0 + 4.52%/** 30.67 + 7.14%/** 39.83 + 3.55%/**

Notes: * — significant in relation to the intact control, p < 0.05; ** — significant in relation to the control pathology; *** - significant in

relation to the parameters of the G h/ch group, p < 0.05.
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Table 3

Physical endurance of rats on the model of forced swimming with a load and exposure to preparations
of glucosamine and acetylsalicylic acid after acute local cold trauma (M £ m, n = 6)

Animal groups Time of full fatigue, seconds
Intact control 121.0 £8.91
Control pathology (CT) 71.0 & 3.23%/***
ASA, 25 mg/kg 100.0 + 2.85%*/***
Glucosamine-C BCPP, 82.5 mg/kg 121.67 + 3.37**
G h/ch, 50 mg/kg 118.0 £ 2.70**

Notes: * - significant in relation to the intact control, p < 0.05; ** - significant in relation to the control pathology; *** - significant in

relation to G h/ch, p < 0.05.

these agents on the CNS, the functional state of the ske-
letal muscles, and prove their frigoroprotective properties.
Restoration of the rectal temperature prevents severe
disorders of the CNS. In acute local CT preparations
of glucosamine have marked actoprotective properties.
The results of the previous studies [21] on the positive
effect of G h/ch on the parameters of the motor and re-
search activity, the muscle tone, coordination of move-
ments, and physical endurance of mice in acute general
CT confirmed this study. Thus, the conclusion can be
made that G h/ch has a marked frigoprotective effect
for different types of CT (general and local).
Conclusions and prospects for further research
1. Preparations of glucosamine — Glucosamine-C BCPP
and glucosamine hydrochloride — in acute local cold trauma
(frostbite) prevent the decrease of the body temperature

in rats, while glucosamine hydrochloride significantly
exceeds the effect of acetylsalicylic acid.

2. Acetylsalicylic acid, Glucosamine-C BCPP, and es-
pecially glucosamine hydrochloride, assist to normaliza-
tion of behavioral reactions in rats after acute local cold
trauma according to the results of the “open field” test.

3. On the model of forced swimming with a load glu-
cosamine preparations significantly increase the physical en-
durance of rats compared to the group of cold trauma, while
glucosamine hydrochloride by its actoprotective activity is
significantly more effective than acetylsalicylic acid.

4. The results of experiments indicate that the use
of glucosamine preparations as frigoprotectors in acute
local cold trauma is promising.

Conflict of interests: authors have no conflict of
interests to declare.
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