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EFFECTS OF THE COMPLEX OF MAGNESIUM AND CHROMIUM CITRATES
ON THE CARBOHYDRATE METABOLISM IN THE BLOOD OF RATS
WITH EXPERIMENTAL DIABETES MELLITUS
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The article presents the results of investigation of the influence of the complex of magnesium (Mg**) and
chromium (Cr**) citrates on the activity of carbohydrate metabolism key enzymes, and also on the concentration
of insulin and C-peptide in the blood of rats with experimental diabetes. The complex of magnesium and chro-
mium citrates in doses 250 mg Mg/kg bw plus 25 mkg Cr/kg bw and 250 mg Mg/kg bw plus 10 mkg Cr/kg bw was
added to the drinking water for all animals during 30 days. Experimental diabetes in animals was induced by
a single intraperitoneal administration of a solution of alloxane monohydrate (“Synbios”’) at a dose of 150 mg/kg
body weight. The glucose-6-phosphate dehydrogenase (G-6-PDH) and lactate dehydrogenase (LDH) activities in
erythrocyte lizates, glucose, insulin and C-peptide concentrations in blood plasma were investigated.

1t was found that experimental diabetes indused the decreased of glucose-6-phosphate dehydrogenase
activity, insulin and C-peptide concentrations, and the increased lactate dehydrogenase activity and glucose
concentration. The complex of magnesium and chromium citrates, which was added with water to the animals’
diet during four weeks, led to a positive normalizing effect. It was shown by a credible increase of insulin and
C-peptide concentrations and followed by a decrease of glucose concentration in the blood plasma.

Thus received results demonstrate that the addition of the investigated complex compound may become
a basis for a development a new methods, which will help to correct the emergence and development of complica-
tions for diabetes mellitus in future.
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KOMILJTEKCHHUH BILIUB [IUTPATIB MATHIIO TA XPOMY HA BYIJIEBOJHUI OGMIH
Y KPOBI IYPIB 3 EKCIIEPUMEHTAJIBHUM JITIABETOM
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Y emammi nasedeni oani docnioxcens niugy komniekcy yumpamie macuio (Mg?*) i xpomy (Cr’*) na
AKMUBHICMb KTIOHYOBUX eH3UMIB 8Y2T1e800H020 0OMIHY, a MAKodc Konyenmpayito incyniny i C-nenmuoy 6 Kpogi
Wypie 3 eKCnepuMeHmanbHuM yykposum diabemom. Komnaexc yumpamie mazhito i xpomy y 0o3ax 250 me Mg/ke
macu mina i 25 mxe Cr/xe macu mina, a maxooic 250 me Mg/xe macu mina i 10 mxe Cr/ke macu mina npomseom
30 onie doodasanu 0o nummoi 6oou. Excnepumenmanvruil yykposuii diabem y meapur iHOYKy6au 00HOPA308UM
BHYMPTUHLOOYEPEBUHHUM B8E0EHHAM PO3HUHY anokcan MoHociopamy (« Cunbiacy) 3 pospaxynxy 150 me/ke macu
mina. Jlocrioxcysanu akmugnicms 2nioko30-6-gpocgpamoeciopocenasu (I-6-@UT) i nakmamoeciopoeenasu (JII)
V i3amax epumpoyumis, KOHyeHmpayiio anokosu, incyniny i C-nenmudy y niazmi Kpoei 00CIiOHUX MEAPUH.

Buseneno, wo 3a ymos excnepumenmansuoco yykpoeo2o diabenty Cnocmepieanocs 3HUMCEHHs aKmus-
HoCmi 2nt0K030-6-ghocghamoeciopoeenasu, konyenmpayii incyniny i C-nenmudy ma nioguujeHHss AakmueHOCmi
Jaaxkmamaoeziopozenasu i KoHyenmpayii emokosu. Komniexc yumpamis MacHito ma Xpomy, skutl RpOmseom 4o-
MUPLOX MUINCHIE PA30M 3 NUMHOIO 800010 000a8aNU 00 PAYioHy MEAPUH, BUAGIAG NOUMUSHUL HOPMATI3AYIUHUL
epexm. Le nposensnoco 8ipo2ioHuM nidsuweHHAM KOHyeHmpayii incyniny i C-nenmuoy i3 HACMYNHUM 3HU-
JHCEHHAM KOHYEeHmMpayii 2110K03U ) N1a3mi KPOG.

Taxum uurom, Hawi OaHi OeMOHCMPYIONb, WO 000ABKA QOCTIOHNCYBAHOT KOMNIEKCHOT CNOTYKU ) NePCREKMUGI
Movice Oymu BUKOPUCTIAHA OJ11 PO3POOKU 3aC00i8 KOPEKYIl BUHUKHEHHS T PO3GUMKY YCKAAOHEHb 3d YYKPOBO20 Oiabemy.
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KOMILIEKCHOE BO3IEACTBUE IIUTPATOB MATHUS U XPOMA
HA YIUVIEBOJHBI OBMEH B KPOBHU KPbIC C SKCIIEPUMEHTAJIbHBIM JIMABETOM
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B cmamve npusedenvi danmvie uccnedosanuti GuusHusL Komniekca yumpamos maenus (Mg>*) u xpoma (Cr*)
HA aKMUBHOCMb KIIOYEBbIX (YePMEHNOs Yene600H020 0OMeHa, a makaice KoHyenmpayuio uncynuna u C-nenmuoa
8 KPOBU KPbIC C IKCHEPUMEHMANbHBIM CAXAPHBIM Ouabemom. Komnieke yumpamos MacHus u xpoma @ 003ax
250 me Mg/ke u 25 mxe Cr/xe maccol mena, a maxace 250 me Mg/ke u 10 mxe Cr/ke maccvl mena 6 meueHuu
30 onetl 0obasnanu K numMbesou 600e. IKCNePUMEHMANbHBIN CAXAPHBILL OUAbem y HCUBOMHBIX UHOYYUPOBATU NY-
mem 00HOKpAMHO20 6HYMPUOPIOWUHHO20 86€0€HUs pACBOPA aloKcan MoHo2uopama («Cunbuacy) us pacuema
150 me/xe maccwr mena. Hccnedosanu axmueHocms 2nioko30-6-gocghamoezudpoeenasvt (I-6-DUI) u nakmam-
oecuopoeenasvl (JIAD) 6 auzamax spumpoyumos, KOHYeHmpayuro 2mokossl, uncyiuna u C-nenmuoa 6 niasme
KPOBU ONBIMHBIX HCUBOMHDIX.

Buiseneno, umo 6 yciosusx skcnepumMenmanbHo20 caxaprozo ouabema Hadmo0aI0C, CHUNCEHUE aKmueG-
HOCU 2NI0K030-6-pocghamiezudpozenasvl, Konyenmpayuu uncyiuna u C-nenmuoa, nosviienue akmueHoCmu
Jakmamoezudpo2eHasvl U KOHyenmpayuu 2mokossl. Komnaexc yumpamoes maznus u xpoma, Komopbuii 6 meuerue
uemuvipex Hederb emecme ¢ NUMbegoll 6000U 000ABNANU 8 PAYUOH JCUBOMHBIX, NPOSAGIAIL NONONCUMENbHBII HOD-
Manuzupyrowuii a¢pghexm. Imo npoasgiAnocs 00CMoBePHbLIM NoBbIUeHIeM KoHyeHnmpayuu uncyiuna u C-nenmuoa
€ HOCIEOYIOWUM CHUICEHUEM KOHYEHMPAYUL 2110KO3bl 8 NAA3Me KPOBU.

Taxum obpa3som, Hawiu OaHHbIE HOKA3BIBATOM, YMO 00DABKA UCCLEDYeMO20 KOMIIEKCHO20 COCOUHEHUS.
6 nepcnekmuge Modicem Ovims UCNONB306AHA 015 PA3PADOMKYU CPEOCE KOPPEKYUU BOSHUKHOBEHUSL U PA3GUIMUSL
VCIONCHEHUIL nPU caxaprHom ouabdeme.

Kmouesnie coBa: CAXAPHBIN JIMABET, VITIEBOJHBI OBMEH, MHCYJIUH, LIUTPAT
MAT'HUA, HATPAT XPOMA

Diabetes mellitus is a metabolic disorder promotes to insulin resistance and diabetes pro-
characterized by hyperglycemia and insufficiency gressing [15].
of secretion or action of endogenous insulin [9]. Biochemical action of the insulin also is
While, diabetes is characterized by disorders in all related to chromium (III), because it stimulates
kinds of metabolism, in the first place is carbohy- creating of the triple complex by forming disulfide
drate metabolism, just the chronic hyperglycemia bonds between disulfide sites of insulin and sulfide
play a principal role in the mechanism of develop- group of the mitochondrial membrane [14].
ment of complications of this disease [4; 5; 16]. It is known that citrates of trace elements

Magnesium plays a significant role in glu- are used in technological processes of food pro-
cose and insulin metabolism, mainly through its duction. At the same time, these salts are valuable
impact on tyrosine kinase activity, by transferring compounds of macro- and micronutrients which
the phosphate from ATP to protein. Magnesium are necessary to ensure the normal course of physi-
may also affect phosphorylase b kinase activity by ological and biochemical processes in the body and
releasing glucose-1-phosphate from glycogen. In prevention a number of metabolic disorders (such
addition, magnesium may directly affect glucose as diabetes mellitus). So, magnesium and chromi-
transporter 4 (GLUTA4) activity and help to regulate um citrats compounds are safe, exhibit antioxidant
glucose translocation into the cell [19]. action, are well absorbed by the body and are non-

Magnesium deficit have a negative ef- toxic compounds. In addition, the bioavailability
fect on the activity and insulin secretion, which of magnesium and chromium in nanocitrate com-
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pounds is higher than the bioavailability of their
inorganic forms [6; 8].

Our previous investigations have shown
a positive but separate effects of magnesium ci-
trate and chromium citrate as the compounds for
prevent the diabetes. So the purpose of this re-
search was to investigate the complex effects of
different doses of magnesium citrate and chro-
mium citrate on the state of carbohydrate metab-
olism in the blood of rats with experimental dia-
betes. The research could give us an opportunity
to search for new ways of correction pathologi-
cal changes, which are the cause of emergence
and complications in the disease.

Materials and methods

The experimental tests were conducted on
the 25 white female Wistar rats (130150 g), kept
in conditions of the vivarium of the Institute of
Animal Biology NAAS. Animals were housed in
individual cages for the appropriate conditions of
lighting and temperature, and were allowed to eat
and drink according to the standard diet. All experi-
mental animals were divided into 5 groups: control
group (CG), with 5 non-diabetic control rats, the di-
abetic group (DG), with 5 diabetic rats without any
treatment for the disease and two research groups
(RG), with 5 diabetic rats each treated by complex-
es of magnesium and chromium salts. The com-
plex of magnesium citrate (C,H,O,Mg) and chro-
mium citrate (C;H,0.Cr) in doses: RG1 — 250 mg
Mg/kg bw and 25 mkg Cr/kg bw; RG2 — 250 mg
Mg/kg bw and 10 mkg Cr/kg bw was added to the
drinking water for all animals. Such activities were
carried out 30 days for the profilaction of the dia-
betes. The experimental diabetes was induced on
the backdrop of a 24-hour fasting by a single intra-
peritoneal administration of alloxan monohydrate
(“Synbias”) in dosage 150 mg/kg body weight in
5 % saline solution. High blood sugar has been de-
tected by measuring blood glucose, collected from
the tail vein, using a portable blood glucose meters
(“Gamma-M”). On the day 30, animals were with-
drawn from the experiment with the help of easy
airborn anesthesia by decapitation. The plasma
and red blood cells of rats selected after the experi-
ment were the main materials for examination. The
concentration of blood glucose [10], insulin and
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C-peptide in plasma and activity of the main en-
zymes of the carbohydrate metabolism [18], that
are glucose-6-phosphate dehydrogenase (G6PDH)
and lactate dehydrogenase (LDH) in blood were
determined.

The concentration of blood glucose was
determined by analytic set “Chromeglucosa+”
(Ukraine). The concentrations of insulin and
C-peptide in plasma were determined by IFA meth-
od with used standard ELISA sets.

The activity of carbohydrate metabo-
lism was estimated with a spectrophotometric
method based on a use of conjugate oxidizing
systems or reduced nicotinamide coenzymes.
Spectrophotometric measurements were imple-
mented on a spectrophotometer SF26 at t +37 °C.
The intake at 340 nm was estimated at time inter-
val 3 min. A minimolar coefficient of extinction
NADH-+H" and NADHPH+H" (6.22 at 340 nm)
was used. Lactate dehydrogenase (EC 1.1.1.27) —
enzyme catalyzes the conversion of lactate to pyru-
vic acid and back, as it converts NAD" to NADH
and back. Direct reaction occurs only under high
level of lactate, while under oxygen deficiency the
reverse reaction take place. Glucose-6-phosphate
dehydrogenase (EC 1.1.1.49) — enzyme partici-
pates in the pentose phosphate pathway that sup-
plies the maintaining the level of the NADPH. This
reaction is almost irreversible and enzyme activity
was determined by the recovery rate of NADP".

Statistical analysis was performed on sta-
tistically significant differences between experi-
mental groups by Student’s #-criterion using the
Microsofi Excel program package VBA. The value
of the results was ascertained at P<0.05.

Results and discussion

Conducted investigation of the activity of
main enzymes of carbohydrate metabolism in red
blood cells of rats of the first experimental group
showed the tendency to the decrease of the GOPDH
activity on 14 % and the increase of the LDH activ-
ity on 1.6 % comparing to the results in CG (table 1).
In turn, it was demonstrated that the complex of
magnesium and chromium citrates shows stabiliz-
ing influence on biochemical processes of glucose
transformation. As a result, comparing outcomes of
RG2 and RG3 to the outcomes of RG1, the increase
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of the G6PDH activity (11.9 % and 5.3 %) and the
decrease of the LDH activity (2.8 % and 8.6 %)
was observed. However, these changes of enzyme
activity were not significant. Magnesium is directly
involved in numerous important biochemical re-
actions, and particularly is a necessary cofactor in
over 300 enzymatic reactions and specifically in all
processes involved in the utilization and transfer of
adenosine triphosphate (ATP). Thus, intracellular
Mg is a critical cofactor for several enzymes in car-
bohydrate metabolism and the activated Mg-ATP
complex is required for all of the rate-limiting en-
zymes of glycolysis, also it regulates the activity of
all enzymes involved in phosphorylation reactions
[1]. In turn, chromium, which was included to the
complex compound, is involved in the regulation of
the carbohydrate metabolism by intensification in-
sulin effect of concerning glucose conversion [17].

According to the data displayed in the
table 2, the concentration of insulin in DG is sig-
nificant decreasing (34.5 %) than in CG of rats.
This may be due to increased hyperglycemia,
which is a cause of the destruction of the pancre-
atic B-cell, and this is directly connected to the
decreasing of insulin sensitivity and disturbers in
secretion of this hormone [13].

Nevertheless, for the complex effect ci-
trates of magnesium and chromium (in doses
250 mg Mg*'/kg bw and 25 mkg Cr**/kg bw) in the
animals of RG1 had shown significant increase of
the insulin concentration on 49.4 % compare to
the index of the animals of the DG.

Magnesium affects insulin secretion by
changing the sensitivity of the Langerhans islet
B cells to glucose [3]. In turn, chromium is bio-
logically active in the oligopeptide chromodulin,
which activates the action of insulin by binding of
hormone to receptors on the cells surface [2, 7].

It is known, that C-peptide is the protein part
of proinsulin molecule, which is created in the in-
sulin synthesis process. At physiological increasing
of glucose concentration proinsulin decomposes to
the insulin and C-peptide, which secretion to the
blood. Quantity of circulating C-peptide in blood
is equivalent of quantity of insulin [12]. Displayed
data in the table 2 illustrates that the concentration
of C-peptide in the blood plasma of the animals
of DG reliably decreased (64.4 %) in comparison
to the indexes of the animals of the control group.
Decreased concentration of C-peptide in blood
plasma of animals with experimental diabetes mel-
litus, which have been had background decreasing
concentration of insulin, indicates normalization of
secretion of the hormone by B-cells of the pancreas.
But in blood plasma of animals of RG1 and RG2,
which received magnesium and chromium citrates
with water, the concentration of C-peptide reliably
increased. It indicates about normalization of the
secretory function of the pancreas.

At lowering the insulin concentration,
a significant increase of glucose concentration is
observed in the blood plasma of animals with ex-
perimental diabetes, which is not observed in the
blood plasma of rats from the control group (fig.).

Table 1

Activities of the glucose-6-phosphate dehydrogenase and lactate dehydrogenase in rats’ red blood cells,
pmol/minxmg of protein (M+m, n=5)

Groups
Parameters
CG DG RG1 RG2
Glucose-6-phosphate dehydrogenase 11.07+0.90 9.52+0.45 10.65+0.51 10.02+0.22
Lactate dehydrogenase 103.09+5.88 104.70+3,61 101.74+10.60 95.74+3.07
Table 2
The content of the insulin and C-peptide in rat’s blood plasma (M+m, n=5)
Groups
Parameters
CG DG RG1 RG2
C-peptide, ng/ml 3.81+0.02 1.35+0.007%** 3.00+0.09%# 4.56+0.01%#
Insulin, pU/ml 3.74+0.01 2.4540.01%** 3.66£0.01%# 3.24+0.02%#

Note: here and thereafter *** — P<0.001 significant differences between indexes of DG and CG; ## — P<0.01;
### — P<0.001 significant differences between indexes of RG1, RG2 and DG.
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Fig. Glucose concentration in the rats’ blood plasma,
mmol/L

Increased glucose levels in the blood may be the re-
sult of deviation of intracellular glucose metabolism,
reducing its utilization or lowering of synthesis and
increase of the glycogen catabolism in the liver [5].

According to the information given in the
diagram, glucose concentration in the blood of
animals from RG1, RG2 was reliably decreased
(18.4 % and 25.3 %) as they received the complex
of magnesium and chronium citrates with water.
The results in DG are completely different.

Normalization of the carbohydrate me-
tabolism may be predetermined by the influence
of the complex of Mg?* and Cr?** citrates on the
maintaining of normal glucose metabolism. It can
be reached via use of insulin hormone. Chromium
acts by enhancing or potentiating insulin action
through increasing the number of receptors, their
activation and binding of a hormone to them [11].
Magnesium is an essential ion involved in glucose
homeostasis at multiple levels as it plays an im-
portant role in the activities of various enzymes
involved in glucose oxidation and may play a role
in the release of insulin [3].

Conclusion

1. Experimental diabetes is accompanied
by disorders of carbohydrate metabolism. It ap-
pears as the increasing of glucose concentrate and
decreasing of insulin concentrate in blood.

2. Appliance of the complex magnesium
and chromium citrates leads to normalization of
carbohydrate metabolism. It could be caused by
positive influence of the studied compounds on
the secretion and activity of the insulin. Complete
response to the insulin action affects the capture
of glucose by cells and its utilization.
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Perspectives for further research. Use
of magnesium and chromium citrates in perspec-
tive may be the basis for developing new ways
to correct pathological changes of carbohydrate
metabolism, which predetermine the emergence
and development of complications under diabe-
tes mellitus.
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