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The aim of our study was to determine the effect of diacamph hydrochloride, an original antihyperglycemic drug, on the
cortisol content in the blood of animals with a combined model of diabetes mellitus and chronic stress. The experiment
was performed on mature male rats. Diabetes mellitus of the 1-st type was modelled by a single injection of alloxan mono-
hydrate (150 mg/kg subcutaneously) and chronic immobilization stress was induced by putting the animals into tight
boxes for 16 hours daily over 15 days period beginning from the 11-th day after alloxan injection. It has been found that
the concentration of cortisol in the blood plasma of animals of the control pathology group increased essentially as com-
pared to the intact control group. The concentration increased from 77.51 ng/mol to 421.65 ng/mol, i.e. became 5.4 times
higher (p<0.001). It indicates intensity of corticosteroid-mediated mechanisms of stress-response behaviour against the
background of modelled diabetes mellitus. Taking contrainsular properties of corticosteroids into account such effect of
prolonged immobilization against the background of diabetes mellitus should be considered to be particularly unfavour-
able. Diacamph hydrochloride (intraperitoneal injections of 25 mg/kg daily) not only reduced glycemia, but also was likely
to decrease the blood cortisol content to 172.0 ng/ml on the average as compared to the value in the control pathology
group (p<0.001). Bemithyl, a classical actoprotector, used as a reference drug (intraperitoneal injections of 50 mg/kg
daily) was found to be statistically significantly inferior to diacamph hydrochloride (p<0.001) as it decreased the cortisol
concentration only to 253.35 ng/ml on the average. The results testify stress-protective properties of diacamph hydrochlo-
ride under diabetes mellitus conditions and substantiate the prospects of its further studying as a potential adaptogenic
and stress-protective drug. The mechanism of diacamph hydrochloride action is associated with its effect on endocrinous
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mechanisms of stress reaction.

ften psychological prob-

lems and mental disorders
occur in patients suffering from
diabetes mellitus (DM). Performan-
ce impairment, rapid fatigability,
decreased resistance to stress fac-
tors can be observed; it has a sig-
nificant impact on the quality of
life [2, 5, 7, 8] and requires effec-
tive correction. It has been found
in the previous studies that benzi-
midazole derivative of diacamhp
hydrochloride (DH) possessing the
antihyperglycemic properties has
a powerful actoprotective effect by
increasing physical endurance with
normoglycemia without affecting
the sugar blood level, especially in
the DM model, when the increase
of physical endurance is followed
by normalization of glycemia [3].
These pharmacological properties
show the presence of the adap-
togenic activity in DH. The ques-
tion of mechanisms for the DH po-

sitive effect on the body’s adap-
tive capacity remains still unclear.
It is well known that one of the
important elements of adaptioge-
nesis and the stress reaction co-
urse is provided by corticosteroids
[1]. Therefore, the aim of this work
is to determine the DH effect on
the cortisol content in the animal
blood with the DM model on the
background of the chronic stress.

Materials and Methods

Tests were carried out in white
non-pedigree male rats with the
initial weight of 160-180 g. The
choice of the animal’s gender is
conditioned by the fact that the
impact of cyclical fluctuations of
the endocrine profile in male ani-
mals is largely leveled off.

All rats were randomized into
4 groups of 7 animals each. Gro-
up 1 consisted of intact normo-
glycemic rats. Animals of group 2
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(control pathology) were model-
led the alloxan DH; for this pur-
pose animals were given a single
subcutaneous injection of alloxan
monohydrate (Sigma, USA) after
24-hour food deprivation, in the
dose of 150 mg/kg as 5% solution
in acetate buffer, pH 4.5 [6]. Befo-
re the DH model testand in 11 days
the control of the sugar blood le-
vel from the tip of the tail was car-
ried out (glucose oxidase test). Gly-
cemia should exceed 11 mmol/L,
which confirms the development of
the model DM [6]. Then this group
of animals was subjected to the ef-
fect of chronic immobilization stress
(CIS) for 15 days [1]. Animals of this
group were injected with 0.9% NaCl
solution in the dose of 0.5 mg/kg
intraperitoneally (i.p.).

Group 3 consisted of rats with
the DM and CIS model; they were
injected DH once a day in a condi-
tionally effective dose of 25 mg/kg
i.p. [3]. Group 4 comprised ani-
mals on the background of DM and
CIS; they were injected a referen-
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Table

The effect of diacamhp hydrochloride and bemithylum on the
cortisol content in the rats’ blood with the diabetes mellitus
model on the background of the immobilization stress (n=7)

Animal groups

Blood cortisol concentration, ng/ml

Intact control

77.51+£3.36

DM and CIS, 0.9% NaCl solution
(control pathology)

421.65%£11.0%

DM and CIS, diacamhp
hydrochloride (25 mg/kg i.p.)

172.00+6.54**

DM and CIS, bemithylum
(50 mg/kg ip)

253.35£6.93*A

Notes:

1) DM - diabetes mellitus, CIS — chronic immobilization stress, i.p. — intraperitoneally;
2) * — statistically significant difference with the intact control (p<0.001);

3) ¥ — statistically significant difference with the control pathology (p<0.001);

4) N\ — statistically significant difference with the value on the background of

diacamhp hydrochloride (p<0.001).

ce drug, the well known actopro-
tector bemithylum in the dose of
50 mg/kg i.p. [4].

Rats were decapitated imme-
diately after removal from the ca-
ses on the 15th day of immobi-
lization and the cortisol content
in blood plasma was determined
by the immunoenzyme method
using standard set CORTISOL KIT
(Germany) on Hipson equipment
(Czech Republic). The results were
subjected to statistical analysis
using Student’s t-test.

Results and Discussion

DH unlike bemithylum redu-
ced hyperglycemia already on the
first day of application. Thus, if in
the control pathology group the
sugar blood level on the 11th day
of DM modelling was 11.71£0.01
mmol/L against 6.72+0.07 mmol/L
in the initial state (p<0.001), and
in the bemithylum group - 11.80+
#0.07 mmol/L against 6.67+
+0.03 mmol/L (p<0.001), then va-

lues in the DH group after the first
injection were 9.15+0.07 mmol/L
(p<0.05 in relation to the values
of the control pathology and be-
mithylum groups) against 6.60%
+#0.06 mmol/L. These data con-
firm the presence of antihyper-
glycemic properties in DH.

The results of the cortisol con-
tent determination in blood plas-
ma are given in Table.

According to the table data, a
significant increase of the corti-
sol content in blood plasma is ob-
served under conditions of the
combined DM and CIS model (by
5.4 times compared to the intact
control, p<0.001). This testifies of
the strain of the stress reaction
course mechanisms dependent
from glucocorticoids. Taken into
account the fact that corticoste-
roids have contrinsular (diabeto-
genic) properties the effect of pro-
longed immobilization should be
considered especially unfavour-
able for DM.
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BILVIMB AIAKAM®Y I'IIPOX/IOPU/JY HA BMICT KOPTU30J1y B KPOBI ILYPIB I3 MOJAEJIJIIO LIYKPOBOI'O AIABETY
HA T/ IMMOBIJIIBAIIMHOI'O CTPECY

P./1.3akpymuuii, C.10.lllmpuzoss, C.1.Mep3aikiH
HayioHaawHuiil ghapmayeemuyHuii yHigepcumem
Karouosi caoga: diakamghy 2idpoxaopud; kopmusos; yykpoguil diabem; XpoHivHull immob6iaizayilinuii cmpec

Mema docaidxceHHs1 nossi2ana y 8USHAYEHHI 8NAUBY OpUIHA/NIBHO20 aHmMuzinepaaikemiyHo2o npenapamy diakam@py
2idpoxsnopudy Ha eMicm KOpmu30.1y 8 Kposi meapuH i3 KOMO6IHOBAHOIW M0ODeANt0 YyKkpogozo diabemy ma XpoHi4HO20
cmpecy. EkcnepumeHm 8UKOHAHO HA dopocaux wypax camysix. Llykposuti diabem | muny modeao8aau an10KCaHy MoHO-
eidpamom (150 m2/ke nidwKipHo 00HOPA3080), XpOHIMHUL IMMOGIAI3aYIliHULl cmpec — pO3MIWEeHHAM MBAPUH Y MICHUX
neHa.zax Ha 16 200 woous npomsizom 15 0i6, nouunarouu 3 11 dHs nicas eedeHHs anokcaHy. BcmanossieHo, wo KoH-
yeHmpayisi Kopmuso/y 8 naa3mi Kpogi meapuH 2pynu KOHmMpo1bHOI NaMo.102ii 3HaYHO 3pocmae 8i0HOCHO IHMAKMHO20
KOHMpoJio - y cepedHboMy 3 77,51 ne/ma do 421,65 He/ma, mobmo y 5,4 pasu (p<0,001). Lle cgiduums npo Hanpyice-
Hicmb 3yM0o8/1eHUX Kopmukocmepoidamu mexaHiamie nepebicy cmpec-peakyili Ha mJi ModeabHO20 YyKposozo diabemy.
3 ypaxye8aHHsAM KOHMPIHCYASIPHUX 81acmugocmell kKopmukocmepoidie makuli efpekm mpueasoi immob6inizayii Ha mai
yykpoegozo diabemy cid esaxcamu 0co6.1u8o Hecnpusmausum. Jiakamgby 2idpoxaopud (25 me/k2 eHympiwHb004epesuH-
HO W0JeHHO) He MibKU 3MeHUly8as aaikemiro, ase Ui 8ipo2idHo 3HUICY8A8 8MICM KOPMU30/y 8 Kposi 8 cepedHboMy do
172,0 He/mn (p<0,001 gidHOCHO noKa3HuKa 2pynu KOHMpo1bHoi namooeii). [l[penapam nopieHAHHA KAACUYHUL aKMo-
npomexkmop 6emimu (50 me/k2 8HympiwHb004epe8UHHO WOJeHHO) CMmamucmu4Ho 3Havyyue nocmynascs oiakamgy
eidpoxsnopudy (p<0,001), 3meHwyrouu KOHYeHmpayir Kopmu3o.y 8 cepedHboMy auuie do 253,35 ne/ma. Pesyremamu
cgiduams npo cmpecnpomekmopHi saacmugocmi diakamgy 2idpoxsaopudy 8 ymosax yykposgozo diabemy ma o6rpyHmo-
8yI0Mb NnepcnekmueHicms 11020 N00A1bW 020 8UBYEHHS IK NOMmeHYIlIH020 adanmoz2eHH020 ma cmpecnpomeKmopHo20
3acoby. Mexanism 0ii diakamgy eidpoxaopudy nog’szanutl i3 iio2o 6NAUBOM HA eHOOKPUHHI MeXaHi3Mu cmpec-peakyii.

BJIMAHUE JTUAKAM®A THJPOX/IOPUJA HA COAEP’KAHHUE KOPTHU30J/IA B KPOBHU KPbIC C MOAEJ/IBIO CAXAPHOT'O
JAUABETA HA ®OHE UMMOBHW/IN3ALMOHHOI'O CTPECCA

P./1.3akpymumbtii, C.I0.IllImpwizoas, C.H.Mep3aukuH
HayuoHaawHblil hapmayeemuyeckuil yHugsepcumem
Karuesble caosa: duakamgba 2udpoxs0pud; Kopmu3o.; caxapHbulil duabem; XpoHU4eckull UMMOOUAU3AYUOHHDLIU cmpecc

LJeab uccaedosanus sakawvanacs 8 onpedeseHuU 8AUSHUS OPURUHANBHO20 aHMuUa2unepaAuKeMu4ecko20 npenapama
duakamgpa 2udpoxsopuda Ha codeprcarHue KOPMU30.1a 8 KPOBU HCUBOMHBIX C KOMOUHUPOBAHHOU MOOJeAbI0 CAXapHO20
duabema u XpoHU4eckKozo cmpeccd. IKcnepumMeHm 8bINOJHEH HA 83POCAbIX Kpblcax-camyax. CaxapHuiil duabem I muna
M00enuposaau an0kcaHa MoHozudpamom (150 mz/ke noOKO#HO 0OHOKPAMHO), XPOHUYECKUU UMMOOUAU3AYUOHHbIU
cmpecc - noMeuwjeHueM HUBOMHbIX 8 mecCHble neHabl Ha 16 cymok esxcedHegHo 8 meveHue 15 dwetl, HawuHasi ¢ 11 oua
nocse egedeHust AA/10KCAHA. YCMAHOB1€HO, MO KOHYeHmMpayust Kopmu30o/d 8 nada3me Kpo8u HUB0MHbIX 2pYyNNnbl KOH-
mpo/1bHOU NAMo/102ul 3HA4UMeIbHO 803pacmaem OMHOCUMENAbHO UHMAKMHO20 KOHMPO/s — 8 cpedHeM ¢ 77,51 He/ma
do 421,65 Hz/mn, mo ecmb 8 5,4 pasa (p<0,001). Imo ceudemestscmayem 0 Hanps}ceHHOCMU 06YC/108/1eHHbIX KOPMUKO-
cmepoudamu MexaHu3Mo8 meveHus cmpecc-peakyuu Ha hoHe ModenbHo20 caxapHozo duabema. C yuemom KOHMPUHCY-
JISIPHBIX ceolicme Kopmukocmepoudo8 makol aghdhekm daumenvbHol umMmobuAU3AYUU HA OHe caxapHozo duabema
c/edyem cyumams 0co6eHHO HebaazonpusimubIM. uakamgpa eudpoxaopud (25 mz/Kke 8HympubpowuUHHO excedHesHo)
He MOo/IbKO YMEeHbWAA 2/IUKeMUI0, HO U 00CMOBEPHO CHUMCAI COOepl*CaHue Kopmu3oaad 8 kposu 8 cpedHem do 172,0 ne/
M (p<0,001 no cpagHeHUr ¢ nokasameJiem 2pynnsl KOHMpPOAbHOU namosozuu). [lpenapam cpasHeHUs Kaaccuveckuil
akmonpomexkmop 6emumun (50 me/ke 8HympubprWUHHO excedHe8HO) cmamucmuyecku 3Ha4uMo ycmynasa ouakam-
¢a eudpoxsaopudy (p<0,001), ymeHbvwas KoHYeHMpayuio KOpmuso/da 8 cpedHem Aulb 00 253,35 Hz/ma. Pezyabmamubl
ceudemesbcmayom 0 cmpeccnpomekmopHbIx ceolicmaax duakamga 2udpoxao0puoad 8 yca108Usix caxapHozo duabema u
060CHOB8bI8AIOM NEPCNEKMUBHOCMb €20 dabHellwe20 U3yyeHus: KaK NOMeHYyuda/ibHo20 adanmoz2eHH020 U Cmpeccnpo-
mekmopHozo cpedcmea. Mexanusm deticmausi duakamghpa eudpoxiopuda cés13aH ¢ e20 8AUsTHUEM HA IHOOKPUHHbIE Me-
XAQHU3Mbl cCmpecc-peakyuu.
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