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ABSTRACT

Background: Diabetes mellitus is associated with increased blood glucose and triglyceride levels, which can lead to an oxidative
stress. Zinc (Zn) is a micronutrient that has antioxidant properties and involved in lipid and glucose metabolism. This study
aimed to evaluate the effect of zinc on the levels of fasting blood glucose (FBG), triglycerides (TG), and malondialdehyde (MDA)
in male diabetic Rattus norvegicus Wistar rats.

Methods: Diabetes was induced by intraperitoneal (i.p.) injection of 40 mg/kg BW streptozotocin (STZ) and confirmed by FBG
level higher than 200 mg/dL after 2 weeks. The rats were randomly divided into three groups: control group (STZ), treatment I
(STZ + zinc 5 mg/kg BW), and treatment II (STZ + zinc 10 mg/kg BW). Zinc was administered by oral gavage for 30 days. At the
end of the experiment, levels of FBG, TG, and MDA were measured. Data were analyzed using paired t-test or Wilcoxon test as
appropriate.

Results: Supplementation of 5 mg/kg zinc significantly decreased the levels of FBG (pre-intervention: 328.95±70.90 mg/dl,
post-intervention: 144.35±34.27 mg/dl, p<0.05), TG (pre-intervention: 252.48±26.30 mg/dl, post-intervention: 147.90±12.18
mg/dl, p<0.05), and MDA (pre-intervention: 12.11±6.46 nm/ml, post-intervention: 4.75±2.34 nm/ml, p<0.05). Moreover,
supplementation of 10 mg/kg zinc decreased the levels of TG (pre-intervention: 275.62±56.25nm/ml, post-intervention:
165.58±22.63 nm/ml, p<0.05) and MDA (pre-intervention: 13.08±6.60 nm/ml, post-intervention: 5.08±2.40 nm/ml, p<0.05).
Conclusion: Supplementation of zinc significantly reduced the levels of FBG, TG, and MDA in diabetic rats.
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Diabetes mellitus is associated with
disorders of carbohydrates, proteins, and fats
metabolism and is caused by a lack of insulin
secretion or a decreased sensitivity to insulin.1
World Health Organization (WHO) estimated
that 3.4 million people worldwide died of
diabetes-associated complications in 2010. At
present, 347 million adults worldwide suffer
from diabetes. The prevalence of this disease
continues to increase, and predicted to be the
seventh main cause of death in 2030 worldwide.
The prevalence of diabetes in Indonesia is
also predicted to increase from 8.4 million
in 2000 to 21.3 million in 2030.2 Diabetes
mellitus is characterized by hyperglycemia and
is associated with an increased free radical
activity. Hyperglycemia induces the production
of reactive oxygen species or excessive free
radicals, which lead to an oxidative stress.3 Free
radicals are highly reactive chemical species that
can cause an oxidative damage to living things
by attacking macromolecules, such as lipids,
carbohydrates, proteins, and nucleic acids.4
Under normal physiological conditions, a critical
balance is maintained between generation of
oxygen free radicals and antioxidant defense
systems used by organisms to deactivate and
protect themselves against free radical toxicity.5
Diabetes mellitus is associated with lipid
and lipoprotein metabolism disorders, which
depend on the length of the disease and the
degree of insulin resistance. Lipoproteins and
lipid disorders in diabetes with hyperlipidemia
arise from oxidative stress and lead to lipid
peroxidation in plasma, tissues, and membranes
and tissue damage.6 One of the disorders
associated with lipid metabolism is characterized
by serum triglyceride level >200 mg/dl.7
Disorders of fat metabolism may also contribute
to an increase in oxidative stress.
Lipid peroxidation is the oxidative damage of polyunsaturated fatty acids and is enhanced in response to high levels of lipids, including triglycerides (TG).8 The end products of
lipid peroxidation are aldehydes, a hydrocarbon
gas, and chemical residues, such as malondialdehyde (MDA). Oxidative stress and lipid peroxidation may affect the complications of diabetes.
Administration of antioxidants may protect tissues against free radicals and lipid peroxidation. Zinc is a micronutrient that has antioxidant
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properties, but the underlying mechanism has
not established yet.9 Zinc is one of the most metabolically active micronutrients and functions in
endocrine, reproductive, and immune systems
and in glucose metabolism. In particular, zinc is
required for the adequate formation and function of antioxidants and metallothioneins. Zinc
supplementation can control glucose level, correct lipid metabolism, maintain normal blood
pressure, and acts as an anti-inflammatory
agent.9 Zinc is predicted to have a significant role
in normal insulin and lipid metabolism. Zinc also
exerts antidiabetic effects in various experimental models and in a limited number of human
studies.10 The serum levels of zinc decreased in
diabetic rats induced with streptozotocin (STZ)
injection twice, and this effect was recovered by
zinc supplementation.11 Numerous studies were
conducted to clarify the molecular mechanisms
underlying the action of zinc in diabetes to help
develop targeted therapy and guide future research.12 In this study, we investigated the effects
of zinc sulfate (5 and 10 mg/kg) on the levels
of fasting blood glucose (FBG), TG, and MDA in
STZ-induced diabetic rats.
METHODS
Subject
Twenty-four male Wistar rats aged
8–12 weeks and weighing 130–223 g were
used in this study. The rats were maintained
in polyethylene cages in a laboratory with
controlled ambient temperature (22°C–23°C)
under a 12 h light–dark cycle and given with
standard animal food Comfeed AD II and water
available ad libitum. All research and animal
care procedures were approved by Research
Laboratory and Integrated Testing Universitas
Gadjah Mada, Yogyakarta. The rats were allowed
to acclimatize to the laboratory for seven days
before the experiment. The study protocol
was approved by the Medical Research Ethics
Committee, Universitas Diponegoro. The method
of data collection was approved by the Medical
Research Ethics Committee with number 659/
EC/FK-RSDK/2014.
Diabetes induction
The animals were fasted for 6 h but
given free access to water prior to STZ induction.
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Treatment
Twenty-four male Wistar rats were divided
into three groups (n=8 each group). Group I (control)
received STZ, group II received STZ followed by 5
mg/kg BW zinc sulfate, and group III received STZ
followed by 10 mg/kg BW zinc sulfate. Zinc sulfate
(1 ml/kg) was given by gavage daily for 30 days.
Biochemistry analysis
Normal and diabetic rats were
anesthetized with intraperitoneal injection of
a ketamine mixture. Blood (1 ml) was collected
and used for measurement of the levels of FBG,
TG, and MDA. The blood samples were placed in
sterilized tubes and kept at 4 °C. The samples were
centrifuged to separate clot and serum. FBG level
was measured by enzymatic colorimetric GOD–
PAP method. Triglyceride level was determined
by GPO–PAP method. Plasma MDA level was
measured by enzyme-linked immunosorbent
assay (ELISA) test kit.
Statistical analysis
Normality test was conducted using
Shapiro–Wilk test. Differences among groups
were assessed by paired t-test and Wilcoxon test.
Values are expressed as mean ±SD. Significance
level was set at p<0.05.
RESULTS

Fasting blood glucose
The fasting blood glucose levels were
increased by STZ induction. Zinc supplementation
reduced the fasting blood glucose levels among
the groups (Figure 1).

Triglyceride level
The triglyceride levels were increased
by STZ. Zinc sulfate decreased the levels of TG
(p<0.05) (Figure 2).
MDA level
The MDA levels were significantly increased
by STZ. Zinc sulfate given at doses of 5 and 10 mg/kg
decreased the MDA blood level (Figure 3).
http://mji.ui.ac.id
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Figure 1. Effect of zinc supplementation on FBG levels. All
values are expressed as mean±SD; (p<0.05). Treatments did
not affect the fasting blood glucose level.
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The rats were given with single intraperitoneal
injection of 40 mg/kg BW freshly prepared
STZ. Hyperglycemia was confirmed by elevated
glucose levels in the plasma of rats fasted for 12 h
and determined on day 14 after STZ injection.
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Figure 2. Effect of zinc supplementation on TG levels in STZinduced diabetic rats. All values are expressed as mean ±SD.
STZ increased the triglyceride level (p<0.05). Zinc supplementation decreased the triglyceride level (p<0.05).
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Figure 3. Effect of zinc supplementation on MDA levels in
STZ-induced diabetic rats. All values are expressed as mean
±SD. STZ increased the MDA level (p<0.05). Zinc supplementation decreased the MDA level (p<0.05).

DISCUSSION
In this study, zinc supplementation
reduced the levels of FBG, TG, and MDA in male
Wistar rats with STZ-induced diabetes. STZ
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is widely used to induce diabetes in a variety
of animals because it selectively enhances
the degenerative alterations and necrosis of
pancreatic β cells, resulting in insulin deficiency
and impaired glucose oxidation.13 High blood
glucose levels will increase oxidative stress
through enzymatic and non-enzymatic processes.
In the enzymatic process, nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase can
disrupt and damage cell function and produces
reactive oxygen intermediates, which may oxidize
low density lipoprotein (LDL). The non-enzymatic
process will alter gene expression (growth factors
and cytokines), disturb the antioxidant defense
(increased oxidative stress), and lead to failure of
β-cell function.14

In STZ-induced diabetic rats, oral
administration of zinc threoninate chelate
(3, 6, and 9 mg/kg for 7 weeks) reduced the
blood glucose levels and increased the serum
insulin levels.15 Zinc plays a key role in the
synthesis and action of insulin and thus affects
the physiological and pathological states of
diabetes. Zinc is essential for correct processing,
storage, secretion, and action of insulin in
pancreatic β cells and is abundant in these
cells and their granules.16 Zinc also promotes
the phosphorylation of insulin receptors by
enhancing glucose transport into cells.17 Zinc
exerts insulin-like effects on cells by promoting
lipogenesis and glucose transport. Hence,
zinc may stimulate tissues to enhance insulin
signaling, use glucose, maintain normal lipid
metabolism, and maintain normal cellular
functions. In this study, the administration of
zinc (5 and 10 mg/kg) significantly decreased
the levels of FBG. Zinc has been reported to play
a key role in regulating insulin production in
pancreatic tissues. Therefore, any change in zinc
status in the body could affect the production,
storage, and secretion of insulin.18
STZ increased the levels of TG, which are
the main lipids in fat storage and food. Elevated
levels of TG can increase the risk of metabolic
syndrome. TG are also associated with insulin
resistance and type 2 diabetes mellitus.19
Treatments with zinc (5 and 10 mg/kg) recovered
the effects of STZ. Consistent with this finding,
a previous study reported that administration
of 10 mg/kg zinc in diabetic rats reduced the
triglyceride level by 48%.20 Several scholars
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indicated that zinc-enriched diet has beneficial
effects on basal and postprandial glycemia and
triglyceride content.21

STZ administration was also associated
with increased the MDA level, and this effect was
recovered by the treatments with zinc. Living
organisms have developed complex antioxidant
systems to counteract reactive species and
reduce their damage. MDA, an end product of
polyunsaturated fatty acids, is a reliable and
commonly used biomarker for assessing lipid
peroxidation, a well-established mechanism
of cellular injury and an indicator of oxidative
stress in cells and tissues. In a previous study
on male Wistar rats induced by 65 mg/kg STZ,
those given with 5 mg/kg zinc for 1 month had
decreased MDA levels (p<0.05).22,23 In STZinduced diabetic rats, the oral administration
of zinc decreased the plasma MDA levels and
improved the antioxidant enzyme activity.15
Zinc is an important component of the body’s
antioxidant system and plays a role in retarding
oxidative processes related to diabetes
mellitus.24
Zinc supplementation controls glucose
levels, corrects lipid metabolism, prevents lipid
peroxidation, and acts as an anti-inflammatory
agent. Zinc supplementation also produces
metabolic effects and improves liver function, and
nutritional status. Hence, zinc exhibits potential
for treatment of type 2 diabetes. Therefore,
further studies must be conducted to analyze the
zinc level needed to decrease the levels of FBG,
TG, and MDA.
In conclusion, this study showed that zinc
supplementation decreased the levels of FBG,
TG, and MDA in STZ-induced diabetic rats. These
effects might be attributed to the antioxidant
properties of zinc.
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