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ANTIOXYDANT SYSTEM IN RATS’ LIVER AND SKELETAL
MUSCLES DURING EXPERIMENTALLY-INDUCED DIABETES
AND ITS CORRECTION WITH CHROMIUM AND ZINC CITRATES
Slivinska O. M., Iskra R. Ya.
Diabetes mellitus is an endocrine disease that occurs as a result of an
absolute or relative insulin deficiency, which leads to the defection of all
types of metabolism. The appearance of this disease is predetermined by the
influence of various exogenous, immune, endocrine and genetic factors or by
their combination1. Regardless of its mechanism, the insulin deficiency leads
to carbohydrates metabolism disorders at the first place, which leads to
hyperglycemia. Glucose accumulation in blood leads to glycolysis and TCA
intensification that results in an intensified work of electron transport chain in
mitochondria. A membrane potential rises to a critical point that causes a
block of a III mitochondrial complex, an electron from coenzyme-Q10 passes
on to an oxygen molecule and a superoxide anion (•O2) is being formed2. In a
state of hyperglycemia a mitochondrial superoxide dismutase (Mn-SOD)
cannot cope with the excess of the superoxide anions and the oxidative stress
begins. Superoxide anion converts to the hydroxyl-radical, hydrogen peroxide
and peroxynitrite after interaction with other compounds3. The oxidative
stress goes along with proteins nitrification, lipids peroxidation, DNA
fragmentation, changes of cell signaling, activation of PARP-1, which results
in metabolism and mechanisms of cell signaling disorders that are typical for
diabetes complications 4. As a result of pathological changes that occur under
the condition of diabetes a lower glucose intake from blood, a local decrease
of intracellular glucose reserve in a form of glycogen and triacylglycerides, an
energetic depletion of the organism are seen. Altogether it leads to energy
substrates deficiency that directly correlates with defense systems efficiency,
in particular of the antioxidant one5. The antioxidant defense system controls
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and restrains all stages of free radical reactions starting with their initiation
and up to the hydroperoxides and malondialdehyde formation6.
Since the diabetes mellitus is a genetically predetermined disease,
preventive measures to postpone the onset of the disease or to avert its
appearance are especially important for people from risk group. That is why it
is so important to evaluate role of some microelements in diabetes prevention.
In particular, it is known that zinc plays an important role in insulin synthesis,
accumulation and release by -cells in pancreas, while its synergist chromium
activates insulin receptors on cell membranes.
Therefore, the aim of our research was to establish the effect of chromium
and zinc citrates on the functioning of antioxidant system and on the content
of lipid peroxidation products in rats’ tissues under the condition of
experimental streptozotocin-induced diabetes mellitus.
1. Oxidant-antioxidant system in rat liver and skeletal muscle
when exposed to chromium citrate
The research was conducted on 28 white, vivarium-kept laboratory rats,
with body weight varying from 150 to 170 g, and divided into four groups: I –
the control group, II, III, IV – the research groups. An experimental diabetes
mellitus (EDM) was induced by introabdominal injection of Streptozotocin
(“Sigma”, USA) in 35 mg/kg bodyweight dosage, after 24-hour fasting.
Hyperglycemia was detected using portable glucose meter, by measuring
sugar level in the blood taken from the tail vein. Chromium citrate solution in
a quantity of 10 and 25 mcg Сr3+/kg body weight was added to the rations of
animals with hyperglycemia in groups III and IV, respectively.
In accordance to ethical principles of experiments on animals used for
experimental and scientific purposes, approved by European Convention on
vertebrate protection, animals were killed by decapitation in a state of light
ether narcosis.
The content of lipid hydroperoxides in a liver and skeletal muscle tissue
homogenates was determined by a method that requires protein sedimentation
by a trichloroacetic acid (TCA) and further addition of ammonium
thiocyanate to the solution7. The MDA content was measured by means of a
colored reaction of malondialdehyde with the thiobarbituric acid8. The
activity of superoxide dismutase (SOD, EC 1.1.15.1.) was determined by a
6
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method where nitrotetrazolium is reduced by superoxide radicals 9.
Glutathione peroxidase’s activity (GP, EC 1.11.1.9.) was measured by the
speed of reduced glutathione oxidation10. The activity of catalase
(EC 1.11.1.6.) was measured by hydrogen peroxide’s ability to form a stable
colored complex with molybdenum salts11.
The activity of glutathione reductase (GR, EC 1.6.4.2) was measured by a
speed of glutathione reduction in the presence of NADPH 12. The content of
reduced glutathione was gauged by the level of thionitrophenol anion
formation as a result of SH- groups of glutathione and 5,5’-dithiobis(2-nitrobenzoic acid) reaction13.
The intensity of free-radicals peroxidation in body depends on various
factors, but mainly it is determined by well-coordinated functioning of
antioxidant system enzymes. It is established that SOD is one of the most
important enzymes in antioxidant system of the body. This enzyme catalyzes
the dismutation of superoxide radicals into hydrogen peroxide molecules,
which are less reactive. A credible decrease of SOD activity was determined
in skeletal muscles (on 25,4%) in animals from the group II compared to the
control group (fig. 1). Nevertheless the activity of this enzyme in skeletal
muscle tissue of animals from group III and IV under the condition of
chromium citrate addition in a quantity of 10 and 25 mcg was reaching the
control level, although there was a tendency to increase compared to the
group II. The received results indicate on the corrective properties of
exogenous Chromium on the prooxidant – antioxidant balance under the
condition of streptozotocin–induced diabetes.
Catalase, which activity correlates with SOD’s activity, neutralizes oxygen
peroxide that is produced as a result of superoxide radical dismutation.
A credible decrease of catalase’s activity in liver tissue on 21,5% and the
tendency to its decrease in skeletal muscles, compared to the control group,
were determined in animals from group II (fig. 2). Although there was a
tendency to increased activity of this enzyme in animals from groups III and
IV both in liver and skeletal muscle tissues (except group IV, where those
changes were credible) compared to the control group and its credible
increase compared to the group II on 22,8% and 45,8% in liver tissue and on
57,3% and 96,7% in skeletal muscle, respectively. The credible change of
enzyme’s activity in liver tissue wasn’t established during the research.
9
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Fig. 1. Сatalase activity,
mmol/min/mg of protein
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Fig. 2. SOD activity, сonventional
units/mg of protein (М±m, n=7)
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groups II, III, IV compared to group I; # р<0,05, ## р<0,01, ### р<0,001 – probabilities in
groups III, IV compared to group II

The decrease of SOD and catalase activities in liver and skeletal muscles
tissues in rats from diabetic group II indicates on ruinous effect, which causes
the accumulation of superoxide radicals ( ,), hydrogen peroxide (Н2О2) in
these tissues14. But Chromium addition to the rats’ diet facilitates the increase
of researched enzymes’ activity to the level in the control group. Obviously, it
was caused by indirect influence of this element via insulin onto AOS of
animals’ organisms.
Glutathione system (GS) is especially important in a condition of OS as it
directly neutralizes ROS. GS is a “second line defense” after SOD and
catalase, it completes the work of the “first line defense” and corrects its
mistakes15.
Besides catalase, GPx neutralizes oxygen peroxide as well and its affinity
to Н2О2 is much higher than catalase’s one16. GPx activity correlates with
reduced glutathione content; its intracellular concentration is maintained by
GR. GR function is determined by the level of nicotinamide reduced
cofactors. An energetic impoverishment, which causes lack of energetic
substrates, is present under the condition of DM. Altogether it affects the
defense systems efficiency directly. During the research the GPx activity in
liver and skeletal muscles tissues was established to be lower in group II
compared to the control group on 20,8% and 27,5% respectively. Under the
condition of chromium citrate intake resumption of GPx activity was
observed in rats with DM (fig. 3, 4). GPx activity in liver tissue increased
14
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credibly in groups III and IV on 23,9% and 37,6% respectively and in skeletal
muscles tissue on 41,7% and 49,9% compared to the diabetic group (II).
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Fig. 3. Activity glutathione
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Fig. 4. Activity glutathione
reductase, μmol/min/mg of protein
(М±m, n=7)

Study of GR in liver tissue showed the tendency to increase in groups III
and IV compared to the group II and its normalization compared to the
control level. The similar situation appeared during the study of GR in
skeletal muscle tissue. But in the group IV the credible decrease almost in two
times of the enzyme’s activity compared to the group II was observed.
Achieved results correspond with data from other researchers, who indicate
the activation of the antioxidant defense system after additional intake of
chromium citrate17.
The activity of GPx corresponds with the concentration of reduced
glutathione. The decrease of reduced glutathione content in liver and skeletal
muscles tissues was established in rats from group II compared to the control
group (fig. 5).
But the content of glutathione reduced was credibly higher in liver and
skeletal muscle tissues in rats from groups III and IV compared to the group II
on 26% and 33% respectively.
Beside that it’s worth pointing out much higher concentration of reduced
glutathione in the liver compared to skeletal muscles, which is probably
related to these tissues’ properties. Since the main pool of GSH is synthesized
and reduced in the liver18.
17
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We detected the credible increase of LHP and MDA in tissues of rats with
hyperglycemia (group II) compared to rats from the control group (fig. 6, 7).
MDA content increases on 75,9% in skeletal muscles and on 25,2% in liver
homogenate, LHP content increases on 86,3% and 35,2% respectively. High lipid
peroxidation products content and low activity of antioxidant defense enzymes in
liver and skeletal muscle tissue under the condition of Chromium deficiency are
related with decreased binding of insulin with cellular receptors. This leads to an
excess cortisone activity, which is the antagonist of the insulin, intensifies lipid
peroxidation process and inhibits the function of antioxidant system defense19.
But the Chromium addition to the rats’ diet in 10 and 25 mcg/kg
bodyweight dosages led to the decrease of lipid peroxidation products content
in studied tissues. In liver tissue of groups III and IV the trend observed in
relation to animals in Group II was decreased MDA content, while in skeletal
muscles there was a credible decrease of those indexes on 24,3% and 36%,
respectively, compared to group II.
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National Research Council (NRC). The role of chromium in animal nutrition. Washington, 1995.

In liver and skeletal tissues of Group III, the only trend observed in relation
to animals in Group II was lowered LHP content. But in group IV this index
was credibly lower: on 21,6% in liver tissue homogenates and on 50% in
skeletal muscle tissue homogenates. Our research corresponds with other
researches, where Chromium addition to the rats’ diet leads to the decrease of
lipid peroxidation processes and the enhancement of insulin effects20, which
is most likely caused by the activating if insulin membrane receptors21.
Increased activity of antioxidant defense system enzymes and reduced
glutathione content, decreased MDA and LHP contents indicate the activation
of antioxidant system under the condition of chromium citrate addition in a
quantity of 10 and 25 mcg Сr3+/kg body weight to the diet of rats having
experimentally-induced diabetes.
2. Oxidant-antioxidant System in rat liver and skeletal muscle
when exposed to zinc and chromium citrates
The research was implemented on white laboratory rats, which were held in
a Institute of Animal Biology NAAS’s vivarium. It was completed in
accordance to recommendations, approved by European Convention on
vertebrate protection, used for experimental and scientific purposes
(Strasburg, 1986). Animals with body weight from 150 to 170 g were divided
into three groups, each consisted of 7 animals: I – the control group, II, III –
research groups. For 30 days of the research rats from the I and II groups
received only basic ration, while chromium and zinc citrates solutions were
added to the water of animals from group III in 25 mcg Cr/kg and 50 mg
Zn/kg body weight dosage. An experimental diabetes mellitus (EDM) was
induced in animals from II and III research groups on the 25th day of the
experiment, after 24-hour fasting, by intraperitoneal injection of
20
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Streptozotocin in 45 mg/kg bodyweight dosage. Hyperglycemia was detected
using portable glucose meter, by measuring sugar level in blood taken from
the tail vein. The animals were withdrawn from the experiment by means of
decapitation under light ether anesthesia. Materials for the research were
homogenates of liver and skeletal muscles, in which the content of lipid
peroxidation products and the activity of antioxidant defense enzymes were
measured22.
The recieved digital data was statistically procecced using a computer
program “Statistika”. Student’s test was used to determine significant
difference between averages.
The content of lipid peroxidation products and the activity
of antioxidant system enzymes in rats’ liver in a state
of experimental diabetes and under the complex effect
of chromium and zinc citrates (М±m, n=7)
Indexes
Lipid hydroperoxides,
standard units/g of protein
MDA, nmol/g of protein
SOD, standard units/mg
of protein
Catalase, mmol/min/mg
of protein
Reduced glutathione,
μmol/mg of protein
Glutathione peroxidase,
μmol/min/mg of protein
Glutathione reductase,
μmol/min/mg of protein
22

Control
I

Animal groups
Research
II

Table 1

III

0,163±0,009

0,241±0,061

0,144±0,007

3,569±0,154

4,887±0,309**

2,919±0,090**###

41,882±1,249

39,375±1,107

54,22±1,066***###

7,57±0,366

8,77±0,479

8,817±0,174**

4,6±0,326

1,73±0,062***

4,070±0,166###

9,02±0,345

6,37±0,208***

10,37±0,290**###

1,53±0,120

0,818±0,130***

1,310±0,107##
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The liver maintains the constant glucose blood level. It was established that
the content of MDA in rats’ liver from group II (tab. 1) was increased in
1,4 times, but the content of reduced glutathione was decreased in 2,7 times,
also activities of glutathione peroxidase and glutathione reductase were
decreased in 1,4 and 1,9 times respectively. Also the tendency to increased
level of lipid hydroperoxides and catalase’s activity, while the tendency to
decreased level of SOD activity were observed in a researched tissue,
compared to animals from the control group, although these changes were not
credible. But it was established that the content of MDA in rats’ liver from
group III was decreased in 1,7 times, but the content of reduced glutathione
was increased in 2,3 times, also activities of SOD, glutathione peroxidase and
glutathione reductase were increased in 1,4 and 1,6 times respectively,
compared with animals from group II. Besides that a credible decrease of
MDA content and increase of SOD’s, catalase’s and glutathione peroxidase’s
activities were observed, compared to animals from the control group.
It is established that in a physiological state under the clear insulin
regulation muscle tissue is one of the main glucose consumers (tab. 2).
The content of lipid peroxidation products and the activity
of antioxidant system enzymes in rats’ muscles in a state
of experimental diabetes and under the complex effect
of zinc and chromium citrates (М±m, n=7)
Indexes
Lipid hydroperoxides, standard
units/g of protein
MDA, nmol/g of protein
SOD, standard units/mg of
protein
Catalase, mmol/min/mg of
protein
Reduced glutathione, μmol/mg
of protein
Glutathione peroxidase,
μmol/min/mg of protein
Glutathione reductase,
μmol/min/mg of protein

Control
I

Animal groups
Research
II

Table 2

III

0,15±0,005

0,47±0,048***

0,23±0,054##

1,49±0,080

2,098±0,138**

1,67±0,129#

63,43±1,050

51,67±0,853***

67,88±1,81###

18,78±0,972

11,35±0,319***

15,11±1,078*##

0,33±0,015

0,257±0,031

0,305±0,019

37,3±2,60

18,68±0,989***

34,11±0,809###

0,47±0,045

0,207±0,008***

0,60±0,061###

We detected a credible increase of lipid hydroperoxides content in
3,1 times, MDA content in 1,4 times, but the decrease of SOD’s, catalase’s,
glutathione peroxidase’s and glutathione reductase’s activities in 1,2, 1,6, 2,0
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and 2,3 times respectively in the muscle tissue of rats from group II compared
to those indexes in animals from the I (control) group.
Since the muscle tissue is an insulin sensitive tissue, in a state of diabetes
the speed of glucose phosphorylation to the glucose 6-phosphate is decreased,
as a result the intensity of lipolysis rises as well as the content of free
unsaturated fatty acids that can be oxidated in a process of lipid peroxidation.
The increase of lipid peroxidation products in a state of diabetes is also
related to the modification of antioxidant enzymes by the active oxygen and
glucose.
With the addition of Cr and Zn citrates to rats’ ration from group III a
decrease of lipid hydroperoxides content in 2,0 times and MDA content in
1,2 times was observed, but the activities of SOD, glutathione peroxidase,
glutathione reductase were increased in 1,3, 1,8 and 2,9 times respectively,
compared to those indexes in animals from group II. Besides that a credible
decrease of catalase’s activity in 1,2 times was established in group III
compared to the group I (control).
CONCLUSIONS
Overall, the decreased activity of antioxidant defense system enzymes in
researched tissues, in animals from group II under the condition of
experimental diabetes is conditioned by depletion of their reserves that are
consumed for the neutralization of free radicals. The decreased concentration
of GSH is related not only with its intensified consumption and insufficient
reduction (namely with the change of glutathione peroxidase and glutathione
reductase activities) but also with the defection of glutathione synthesis and
interchange.
The decrease of lipid hydroperoxides and MDA content in rats tissues from
group III under the influence of zinc and chromium citrates indicate the
inhibitory effect of researched elements (with the increment usage) on lipid
peroxidation processes in blood, liver, muscles and pancreas – organs, that are
characterized by a high metabolic activity. The explanation of mechanisms of
chromium and zinc inhibitory effect on peroxidation processes in rats’ blood
and tissues should be sought in the activation of glutathione-dependent
antioxidant enzyme system, which neutralizes lipid peroxides and maintains
the reduced condition of SH-groups of proteins and therefore assures their
functional activity23.
Antioxidant effect of Cr(III) may be conditioned by its ability to regulate
expression of antioxidant enzymes’ genes 24. The activation of redox-sensitive
genes of antioxidant enzymes that are necessary for the cell defense from
23

Гула Н.М., Горідько Т.М., Стогній Н.А. та ін. Протекторний вплив N-стеароїлетаноламіну за
гострої алкогольної інтоксикації у щурів. Український біохімічний журнал. 2010. № 82 (2). С. 42–52.
24
Chen W.Y., Chen C.J., Liao J.W. Chromium attenuates hepatic damage in a rat model of chronic
cholestasis. Life Sciences. 2009. No. 84. P. 606–614. DOI: 10.1016/j.lfs.2009.02.003.
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toxic effect of oxidative stress occurs with the aid of active oxygen forms.
Main regulatory system in the cell that controls genes expression with the aid
of active oxygen forms is presented by МАР(Mitogen-Activated Protein)kinases. Active oxygen forms stimulate a cascade of MAP-kinases and
regulate the activity of transcription factors NF-kB, AP-1 і ATF-225. After
conducted analysis of literature data and the results of our research we have a
basis to affirm that chromium affects the synthesis of antioxidant enzymes by
the means of MAP-kinases’ activity regulation. Besides that, the activity of
antioxidant system enzymes may change because of Chromium effect on
cofactors content and physiological accessibility.
One of important Zinc functions is its participation in antioxidant defense
system26. Zinc can activate synthesis of Cu/Zn – dependent SOD in liver27.
Zinc can compete with Iron and Copper, as its antagonists, for connections
with cell membranes and reduce free radicals formation, hence implement a
direct antioxidant effect 28. Also, Zinc can protect SH-groups of proteins by
means of direct connection with them or by dimensional hindering for binding
with any other protein sites that are in a close proximity to SH-groups. Zinc
has the ability to lessen the damage of cells that already have elements of sitespecific oxidative damage.
Despite that proves of antioxidant properties of Zn and Cr are persuasive,
the exact mechanisms are still recondite. Further researches will allow to
reveal mechanisms of antioxidant properties of Cr and Zn better and this will
provide an opportunity to ascertain new properties of organic compounds of
these microelements and to elaborate new medication for the prevention and
treatment of diabetes mellitus.
SUMMARY
Since the diabetes mellitus is a genetically predetermined disease,
preventive measures to postpone the onset of the disease or to avert its
appearance are especially important for people from risk group. That is why it
is so important to evaluate role of some microelements in diabetes prevention.
In particular, it is known that zinc plays an important role in insulin synthesis,
25
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27
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28
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accumulation and release by -cells in pancreas, while its synergist chromium
activates insulin receptors on cell membranes.
Therefore, the aim of our research was to establish the effect of chromium
and zinc citrates on the functioning of antioxidant system and on the content
of lipid peroxidation products in rats’ blood and tissues under the condition of
experimental streptozotocin-induced diabetes mellitus. Experiments were
conducted on white laboratory rats which were divided into groups: I – the
control group, II, III, IV – research groups. Rats from the I and II group
received only basic ration, while chromium and zinc citrates solutions
An experimental diabetes mellitus (EDM) was induced in animals from
II and III research groups on the 25th day of the experiment, after 24-hour
fasting, by intraperitoneal injection of Streptozotocin in 45 mg/kg bodyweight
dosage. Materials for the research were rats’ tissues that were received after
decapitation.
The content of lipid hydroperoxides in tissues was determined by a method
that requires protein sedimentation by a trichloroacetic acid (TCA) and further
addition of ammonium thiocyanate to the solution. The MDA content was
measured by means of a colored reaction of malondialdehyde with the
thiobarbituric acid. The activity of superoxide dismutase (SOD,EC 1.1.15.1.)
was determined by a method where nitrotetrazolium is reduced by superoxide
radicals. Glutathione peroxidase’s activity (GP, EC 1.11.1.9.) was measured
by the speed of reduced glutathione oxidation. The activity of catalase
(EC 1.11.1.6.) was measured by hydrogen peroxide’s ability to form a stable
colored complex with molybdenum salts. The activity of glutathione
reductase (GR, EC 1.6.4.2) was measured by a speed of glutathione reduction
in the presence of NADPH. The content of reduced glutathione was gauged
by the level of thionitrophenol anion formation as a result of SH-groups of
glutathione and 5,5’-dithiobis-(2-nitrobenzoic acid) reaction.
It was determined during the research that lipid hydroperoxides (LHP) and
MDA contents in rats’ tissues were increased, while the activity of antioxidant
defense system enzymes and reduced glutathione content were decreased
under the condition of streptozotocin-induced DM. Under the condition of
combined chromium and zinc citrates addition to the diet of rats from we
observed the credible decrease of lipid hydroperoxides content, while the
increased activity of antioxidant enzymes compared to those indexes from
group II.
The received results indicate the normalization of lipids peroxidation
processes and antioxidant defense under the influence of chromium and zinc
citrates in animals with hyperglycemia. The further research of antioxidant
properties of organic compounds of these microelements will let to develop
medical remedies for diabetes prevention and treatment.
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