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CARBOHYDRATE METABOLISM IN BLOOD AND LIVER OF RATS
WITH EXPERIMENTAL DIABETES AND ITS CORRECTION BY ZINC CITRATE
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The influence on zinc citrate in a quantity 20 and 50 mg Zn/kg of body weight on the indexes of the
carbohydrate metabolism in rats’ blood and liver during the streptozotocin-induced diabetes was investigated.
Experiments were conducted on white laboratory rats which were divided into four groups: I — the control
group, 11, III, IV — research groups. An experimental diabetes mellitus (EDM) was induced in all animals of
research groups by intraperitoneal injection of Streptozotocin in 45 mg/kg body weight dosage, after 24-hour
fasting. Rats from the group Il with the EDM recieved only basic ration, while zinc citrate solution was added
to the ration of animals from groups Il and 1V for four weeks in 20 and 50 mg Zn/kg body weight dosage.

It was determined during the research that blood levels of glucose, glycosylated hemoglobin, lactate
and the activity of lactate dehydrogenase in erythrocytes and liver tissue increased but the blood level of pyri-
vate and the activity of glucose-6-phosphate dehydrogenase in erythrocytes and liver tissue decreased. The
normalization of these indexes occurred under the condition of zinc citrate addition to the rats’ diet in 20 and
50 mg Zn/kg body weight dosage. This shows the possitive effect of Zinc on rats’ carbohydrate metabolism in a
state of experimentally-induced diabetes. The recieved results may indicate on the possibility of the prevention
of this disease in animals and people with the administration of zinc citrate.
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BYIIEBOJHMIT OBMIH Y KPOBI TA TIEYTHIII LY PIB
3 EKCIEPUMEHTAJILHUM LIYKPOBUM JIABETOM
TA MOT'O KOPEKIIISI IUTPATOM LIUHKY
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Hocniooceno ennue yumpamy yunxy 6 kinekocmsax 20 i 50 me Zn/ke macu mina Ha NOKA3HUKU @yeie-
800HO20 0OMIHY 8 KOG ma newinyi wypie 3i cmpenmo3omoyun-indykoganum diabemom. Excnepumenmu Oynu
npoeedeni Ha Oiux 1abopamopHux wypax, po3oinenux Ha yomupu epynu: I epyna — xommponvna, I, I11i IV — do-
cnioui. Y meapun ycix 0ocuionux epyn na miai 24-200unnoeo 20100y8aHHs O)10 UKIUKAHO eKCHePUMEHNATbHULL
yyxposuti oiabem (EL[/]) winisixom 6HympituHb004epesuHHO20 86E0eHHs CIPEnmo30Moyuty 3 PO3PAXYHKY 45 me/ke
macu mina. LLypi Il epynu 3 ELJ/] cnooicusanu ukiouno ochosnuil payion, a meapuram 11 i IV epyn 3 EL[/] 0o
OCHOBHO20 payiony 000asanu po3dun yumpamy yurky @ kinekocmsax 20 i 50 me Zn/ke macu mina.

Y pesynomami nposedenux docniddicenv 6yn0 6cmanosieno, ujo y kposi wypie Il epynu 3 ELJ/] 3pocmas
BMIC 2TIOKO3U, 2IKO3UTbOBAHO20 2eMO2NI00IHY, TAKMANY ma aKMUGHICb 1akmamaoeziopozenasu (8 epumpoyu-
Max ma MKAHUKE NeYiHKU), OOHAK 3HUNCYBABCS GMICI NIPYeamy i AKMUBHICTb 2H0K030-0-ochamoeciopocenasu
(6 epumpoyumax ma mKaHuHi newinku). 3a ymosu 000aganHs 00 payiony meapun yumpamy YyuHKy 6 KilbKOCHsIX
20 i 50 me/ke macu mina 8i06Y8anacs HOPMANI3AYIs YUX NOKAZHUKIG, WO 3ACEI0UYEAN0 NOZUMUGHUL GNIIUE YUHKY
Ha 8yenesooHuli 00Min y wypie 3 EL[/l. Ompumani pe3yismamu 6Kkazyioms HA MOANCIUGICIL NPODIAKMUKU YbO2O
3AX60PIOGAHHSA Y MEAPUH I I00€l WIAXOM 3ACMOCY8AHHA YUMPAMY YUHKY.

KutrouoBi ciroBa: LIIYPY, BYTJIEBOJHII OBMIH, LIUTPAT LIUHKY, EKCIIEPMEH-
TAJIBHUU LIYKPOBUH JJIABET
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C OKCIIEPUMEHTAJIBHBIM CAXAPHBIM IMABETOM
N ETO KOPPEKIIUSA HUTPATOM [IUHKA
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Hccneodosanu enuanue yumpama yunka 6 xoauvecmeax 20 u 50 me Zn/ke mMaccel mena Ha nokasameinu
V2l1eB00H020 0OMEHA 8 KPOSBU U NeYeHU KPbIC U3 CIPenmo30mMOoYUH-UHOYYUPOBAHHBIM Ouabemom. IKcnepumeHmsl
OvLIU NPoBedeHbl Ha benvlx 1ab0PamopHbIX Kpblcax, pa30eleHHbIX Ha Yemblpe epynnbl: 1 epynna — KoHmpoib-
nas, I, Il u IV — onvimusie. YV scu6omuwix 6cex onvimuvlx epynn Ha one 24-4acosoeo 2on00anust Ol 6bl-
38aH IKCNEpUMeHmanbhvill caxapHulii ouadbem (DCI]) nymem HympubpIOUUHHO20 88e0eHUs] CIPEenmo30mMoyuHa
u3 pacuema 45 me/ke maccol mena. Kpwvicot 11 epynnot ¢ IC/ ynompebasiu uckaiouumenbHo 0CHOBHOU PAYUOH,
a sicusommuvim I u IV epynn ¢ DC/] k ocroromy payuory 000assu pacmeop yumpama YuHKA 68 KOIu4ecmeax
20 u 50 me Zn/ke maccel mena.

B pesynemame nposedennuvix ucciedosanuti buLio ycmanosieHo, 4mo 6 Kposu kpwic 1l epynnet ¢ IC/
NOBBIUATIOCH COOEPIHCAHUE 2NIOKO3bI, 2NUKOZUIUPOBAHHOZ0 2eMO2N00UHA, IAKMAamad U aKMUBHOCMb 1aKmamaoe-
2udpo2enasvl (8 IPUMPOYUMAX U MKAHU NedeHU), 0OHAKO CHUNCANOCH COOepAHCAHUe NUPYeama U aKkmusHOCmb
21oK030-6-gochamoezudpozenasvl (6 spumpoyumax u mranu neveru). Illpu dobasieHuu 8 payuor HCUBOMHbIX
yumpama yurka 8 koaudvecmeax 20 u 50 me/ke maccol mena nPouUcxoouna cmaduIu3ayus ImMux nokazamenet,
YUMo c8UOemenbCNBOBAN0 O NOLONCUMENbHOM GIUAHUU YUHKA HA Y2ne800HblU 00meH Y kpbic ¢ DC/]. [lonyuennvie
pe3yibmamol MO2ym C8UOemelbCMBE08aNb 0 B03MONCHOCIU NPODULAKMUKYU dM020 3A601e8aHUSL ) HCUBOMHBIX
u 1r00eti nymem npumMeHeHus Yyumpama yurka.

KmioueBble c1oBa: KPHICHL, YIJIEBOJHBIM OBMEH, IITUTPAT IIUHKA, SKCIIEPUMEH-
TAJIBHBI CAXAPHBIU JUABET

Diabetes mellitus is a heterogeneous group unclear [3]. That is why the aim of our research was
of diseases that occur as a result of an absolute or to establish the role of Zn in the correction of carbo-
relative insulin deficiency and have one symptom hydrate metabolism in rats’ blood and liver during
in common — hyperglycemia. The importance of the experimental diabetes.
the diabetes problem is conditioned by a substantial
prevalence on this disease, as well as that it is a cause Materials and methods
of difficult concominant diseases and complica-
tions, early disablement and morbidity. Nowadays The research was implemented during
it is established that Zinc deficiency is one of the 2015-2016 on white laboratory rats which were
potential factors of diabetes mellitus [4, 5, 13]. Zn held in an Institute of Animal Biology NAAS vi-
deficiency can aggravate cytokine-induced autoim- varium. It was competed in accordance to rules
mune damage of pancreatic islet cells. Zn plays an and international recomendations, approved by
important role in biosynthesis and insulin storage European Convention on vertebrate protection,
as well as in conformational integrity of an insulin used for experimental and scientific purposes and
hexamer; it also affects the ability of pancreatic is- to ethical expertise of biological researches that
let cells to produce insulin [4, 8, 17]. Some of dia- was carried out in the Institute of Animal Biology
betes complications may be related to the increase NAAS (protocol Ne 56 from 8.06.2016). Animals
of intracellular oxydants and free radicals as a re- with body weight from 150 to 170 g were divided
sult of intracellular Zn and Zn-dependent antioxi- into four groups, each consisted of 7 animals: [ —
dant enzymes decreasement [12]. Zn impacts on the control group, II, III, IV — research groups.
both diabetes type 1 and 2 development. But still the An experimental diabetes mellitus (EDM) was
mechanism of Zn action in the treatment and pre- induced in all animals from the research groups
vention of the diabetes and its complications is yet by intraperitoneal injection of Streptozotocin
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(Sigma, USA) in 45 mg/kg body weight dosage
after 24-hour fasting. Hyperglycemia was detect-
ed using portable glucose meter (Gamma-M) by
measuring sugar level in the blood taken from the
tail vein. Rats from the group II with the EDM re-
ceived basic ration only while zinc citrate solution
was added for four weeks to the ration of animals
from the groups Il and IV in 20 and 50 mg Zn/kg
body weight dosage. The zinc citrate solution was
synthesised by a nanotechnology method [15]. The
animals were withdrawn from the experiment by
means of decapitation under light ether anesthesia.

As a material for our research we used
rats’ blood and liver tissue. Level of glycosyl-
ated hemoglobin (HbAlc) in whole blood was
measured with the help of colorimetry [19],
which is based on acid hydrolysis of keto-amine
bond in a presence of oxaloacetic acid. As a result
of'this reaction 5-oxymethylfurfurol is produced,
which in the reaction with 2-thiobarbituric acid
(TBA) creates a coloured comlex compound. Its
intensity is measured with the help of the spectro-
photometer at 443 nm wave lenght.

The estimation of plasma glucose level
with the help of glucose oxidase method is based
on its ability to acetify in the presence of glucose
oxidase to gluconic acid and hydrogen peroxide.
The last one, under the influence of peroxidase,
in the reaction with phenol and aminophenazone
produces coloured chinonimine, which is estimat-
ed photometrically. Measurements were imple-
mented using standart kits, made by LACHEMA
(Czech Republic) on a biochemical analyser
Humalyzer-2000.

The activity of carbohydrate metabolism
enzymes was estimated in erythrocyte lysates and
liver homogenates: lactate dehydrogenase (LDH;
EC 1.1.1.27) and glucose-6-phosphate dehydro-
genase (G-6-PDH; EC 1.1.1.49)

Enzyme activity was estimated with
a spectrophotometric method based on a use of
conjugate oxidizing systems or reduced nicotin-
amide coenzymes [18].

Spectrophotometric measurements were
implemented on a spectrophotometer SF-26 at ¢
+37 °C. The intake at 340 nm was estimated at
time interval 3 min. A minimolar coefficient of
extinction NADH+H" i NADHPH+H" (Acros
Organics, Belgium) (6.22 at 340 nm) was used.

Estimation of enzyme activity was implemented
in 0.05 M tris-HCI buffer, that contained 5x10* M
EDTA, pH 7.5. Total volume of the reaction mix-
ture was 3 ml.

The recieved digital data was statistically
procecced using a computer program Statistica.
Student’s test was used to determine significant
difference between averages.

Results and discussion

As a result of our research a credible in-
crease of glucose level in three times in rats’
plasma was established in animals from the
group II with EDM compared to its level in ani-
mals from the control group. Glucose plasma
level in rats from the groups III and IV that re-
ceived zinc citrate solution in quantity 20 and
50 mg Zn/kg of body weight credibly increased
in 2.7 and 2 times respectively, compared to its
level in animals from the group 1. But a credible
decrease on 14 % of this index was observed in
rats’ blood from the group IV compared to ani-
mals from the group II (fig. 7).

Glycated hemoglobin is the main evalu-
ation criteria of diabetes compensation and it
represents the degree of carbohydrate metabo-
lism disorder. Glycation of hemoglobin in pa-
tients with diabetes is an irreversible process;
it does not depend on insulin presence and re-
flects the degree of diabetes compensation for
the past 90 days. Elevated level of glycated he-
moglobin is one of the early indexes of carbo-
hydrate metabolism disorder.

Blood level of glycated hemoglobin
(HbAlIc) increased credibly on 20 % in rats from
the group II compared to the group I (fig. 2)
which indicates the increase of hemoglobin
percentage that is irreversibly connected with
glucose molecules and possible dysfunction of
oxygen transportation by blood [17]. The EDM
in animals from the group II in a state of el-
evated blood glucose and glycated hemoglo-
bin levels and probably under the condition of
increased active forms of Oxygen leads to the
activation of polyol pathway of glucose oxy-
dation which results in a development of cell
damage in a condition of elevated lipid peroxy-
dation products.
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Fig. 1. Rats’ glucose plasma level, mmol/l
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Fig. 2. Glycated hemoglobin level, %

Note: here and forward * —P<0.05, ** — P<0.01, *** — P<0.001 significance of indexes in groups I, III, IV
compared to the group I; ¥ — P<0.05, # — P<0.01, # — P<0.001 significance of indexes in groups III, IV compared to
the group II; group I — the control group, group II — EDM; group 11l — EDM+20 mg Zn/kg of body weight; group IV —

EDM+50 mg Zn/kg of body weight

A credible increase of HbAlc level was ob-
served in animals from the group III (on 10 %)
compared to this index in animals from the
group I. Comparing HbAlc levels in animals from
the groups 11l and IV in relation to the group Il we
detected their credible decrease on 9 and 13 %,
respectively. The received data matches with the
data in literature, which states that zinc addition to
the patients’ ration with type 2 diabetes influences
positively on the glucose control, that appears
as the decrease of HbAlc [2].

Carbohydrate metabolism that provides
energy and necessary carbohydrate compounds
for the formation of other organic substances oc-
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Fig. 3a. Activity of lactate dehydrogenase in erythro-
cytes (mcmol/min mg of protein)

curs at a presence of lactate dehydrogenase and
glucose-6-phosphate dehydrogenase. The activity
of LDH indicates a glycolitic pathway of glucose
transformation. We established a credible increase
of LDH activity in erythrocytes (on 29 %) and liv-
er tissue (on 76 %) in animals with EDM from the
group II compared to the level of this enzyme
in animals from the group I (fig. 3a, 3b).

The activation of LDH in erythrocytes
(where anaerobic metabolism prevails) indicates
a mobilisation of energetic resources, needed for
a maximum ATP production that is necessary for
intracellular processes, cations transport through
the membrane and maintanance of its integity [1].
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Fig. 3b. Activity of lactate dehydrogenase in liver tissue
(mmol/min mg of protein)
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The increase of LDH in liver tissue may indicate
an intensification of anaerobic glucose katabo-
lism, which is more intense in this tissue com-
pared to anothers. This can be explained by the
fact that metabolic processes that need major en-
ergetical resources are more active in liver. Beside
that the major role of liver in carbohydrate me-
tabolism consists in that it provides the consistent
blood glucose concentration.

In our research the credible increase of
LDH activity in animals’ erythrocytes (in 2 times)
and liver tissue (in 1.5 times) from the group III
compared to the control group was established.
But there was a credible decrease of LDH activ-
ity in rats’ erythrocytes and liver tissue from the
group II compared to the group IV on 16 % and
34 %, respectively. Received data indicates the
direct connection between zinc content in rats’
ration and LDH activity. Probably it can be ex-
plained by the fact that LDH is a Zn-containing
enzyme and is mainly sited in cytosole [23].

0,3 7 T %
0,1 Z %
0 %/ %

Fig. 6a. The activity of G-6-PDH in erythrocytes,
nmol/minemg of protein

The ratio of lactate to pyrivate is the index
of degree of cell metabolism disorders [5]. Blood
level of pyrivate decreased credibly on 21 %,
while lactate level credibly increased on 65 %
in rats from the group II compared to the group I
(fig. 4, 5). This preditermines the offset of equi-
librium between lactate and pyrivate towards to
the decrease of pyrivate concentration. Since the
pyrivate is an acetyl-CoA precursor (a primary
substrate in TCA cycle) its decrease will cause
a decrease of total substrate flow in this cycle.

The lactate level was credibly decreased
on 16 % and 44 % in animals from the groups III
and IV in a state of Zn citrate addition compared
to the group I, while pyrivate level was increased
on 16 % in animals from the group IV. This may
indicate the normalization of metabolic processes
in rats’ blood under the Zn influence. The accumu-
lated pyrivate is used for glucose regeneration in
a pathway of its conversion to oxaloacetate. Besides
that pyrivate may be transformed into alanine.
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Fig. 5 Rats’ blood lactate level, mM
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Fig. 6b. The activity of G-6-PDH in liver,
nmol/min*mg of protein
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Glucose-6-phosphate dehydrogenase ac-
tivity indicates the intensity of glucose transfor-
mation in pentose phosphate pathway. We estab-
lished a credible decrease of G-6-PDH activity in
erythrocytes (on 71 %) and liver tissue (on 48 %)
compared to the level of this enzyme in animals
from the group I (fig. 6a, 6b). High glucose level
in animals from the group II inhibits G-6-PDH
and therefore leads to the decrease of intracellular
NADPH level and the increase of oxidative stress.
But it is established that the oxidative stress can
cause the G-6-PDH expression [21, 22].

In our research a credible decrease of G-6-
PDH in erythrocytes (on 67 %) and liver tissue
(on 29 %) of animals from the group III was es-
tablished, while a decrease of this enzyme’s activ-
ity in erythrocytes (on 32 %) and its increase — in
liver tissue (on 15 %) were observed compared to
the control group L.

Besides that a credible increase of G-6-
PDH activity was established in liver of rats from
the group III (in 1.4 times) and the group IV (in
2.2 times), as well as in erythrocytes in rats from
the group IV (in 2.3 times) compared to the activ-
ity of this enzyme in animals from the group II.
The received results indicate the activation of glu-
cose transformation in pentose phosphate path-
way, while the intensity of this process depends
directly on zinc level in rats’ ration.

Conclusion

It was determined during the research that
blood levels of glucose, glycosylated hemoglobin,
lactate and the activity of lactate dehydrogenase
(in erythrocytes and liver tissue) increased but
the level of pyrivate and the glucose-6-phosphate
dehydrogenase activity (in erythrocytes and liver
tissue) decreased. Normalization of these indexes
occured under the condition of zinc citrate addi-
tion in a quantity of 20 and 50 mg Zn/kg body
weight to the rats’ diet. This shows the positive
effect of Zinc on rats’ carbohydrate metabolism
in a state of experimentally-induced diabetes. The
received results may indicate on the possibility
of the prevention of this disease in animals and
people with the administration of zinc citrate.

Perspectives for further research. We
plan to investigate the carbohydrate metabolism

indexes under the influence of other elements, such
as magnesium, vanadium and chromium, and to
elaborate base for the development of biologically
active supplements for diabetes prevention.
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