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ÖZ

ABSTRACT

AMAÇ: Kadmiyuma (Cd) çevresel maruziyet hiperglisemi
ve azalmış serum insülini ile ilişkilidir. Bu çalışma, Cd’ye
maruz kalmış diyabetik ratlarda Lipoik Asit (LA) ve
insülinin glikolitik enzimler, karaciğer marker enzimleri
ve lipidler üzerindeki etkilerini değerlendirmek için
tasarlanmıştır.

OBJECTIVE: Environmental exposure to the cadmium
(Cd), is associated with hyperglycemia and reduced
serum insulin. This investigation was planned to
assess the effects of Lipoic Acid (LA) and insulin on
glycolytic enzymes, liver marker enzymes and lipids in
Cd exposed diabetic rats.

GEREÇ VE YÖNTEM: Erkek Wistar sıçanları 7 gruba
ayrıldı (n = 8). Gruplar kontrol, diyabetik kontrol, diyabet
+ CdCl2, diyabet + insülin, diyabet + CdCl2 + insülin,
diyabet + CdCl2 + LA ve diyabet + CdCl2 + insülin + LA
gruplarından oluştu. Tip 1 diyabet, 6 gruba intraperitoneal
(i.p.) streptozotosin (STZ) (65 mg / kg) enjeksiyonu ile
indüklendi. İnsülin (4 IU/kg/gün), insülin ile tedavi edilen
gruplara subkutan (s.c.) verildi. CdCl2 (1,2 mg/kg/gün),
CdCl2 ile tedavi edilen gruplara s.c. verildi. LA (100 mg/
kg/gün), LA ile tedavi edilen gruplara i.p. verildi. CdCl2 ve
insülin tedavisi, intraperitoneal STZ enjeksiyonundan 2
gün sonra başlatıldı ve 3 hafta sürdürüldü. Serum glukoz,
AST, ALT, ALP, BUN, LDL, HDL ve TG düzeyleri, tam kan
HbA1c düzeyi ve karaciğer heksokinaz (HK), piruvat kinaz
(PK) ve Na+/K+ ATPaz aktivitesi değerlendirildi.

MATERIAL AND METHODS: Male Wistar rats were
separated into 7 groups (n=8 in each group). Groups were
designed as control, diabetic control, diabetic + CdCl2,
diabetic + insulin, diabetic + CdCl2 + insulin, diabetic +
CdCl2 + LA, anddiabetic + CdCl2 + insulin + LA groups.
Type 1 diabetes was established by intraperitoneal
(i.p.) injection of streptozotocin (STZ) (65 mg/kg) into 6
groups. Insulin (4 IU/kg/day) was given subcutaneously
(s.c.) to insulin treated groups. CdCl2 (1,2 mg/kg/day) was
given s.c. to CdCl2 treated groups. LA (100 mg/kg/day)
was given i.p. to LA treated groups. CdCl2, LA, and insulin
treatment were started 2 days after intraperitoneal STZ
injection and continued for 3 weeks. Serum glucose, AST,
ALT, BUN, LDL, HDL, and TG levels and liver hexokinase
(HK), pyruvate kinase (PK), whole blood HbA1c level, and
Na+/K+ATPase activity were evaluated.

BULGULAR: Diyabetik grupta serum glukoz, HbA1c, TG,
LDL, AST, ALT, ALP ve BUN düzeyleri kontrol grubuna
göre daha yüksek bulundu, ancak HDL daha düşüktü.
Diyabetik kontrol grubu karaciğer dokusunda Na+/K+
ATPaz, HK ve PK aktivitesi azaldı. Diabetik + CdCl2 ve
Diabetik+İnsulin+CdCl2 gruplarında karaciğerde PK, HK
ve Na+/K+ ATPaz aktivitesi arttı. İnsülin ve LA ile tedavi
edilen gruplarda HK, PK ve Na+/K+ ATPaz aktivitelerinde
diyabetik kontrol grubu ile karşılaştırıldığında artış
saptandı.

RESULTS: In diabetic group, serum glucose, HbA1c, TG,
LDL, AST, ALT, ALP, and BUN levels were higher than control, but HDL was lower. In liver tissue, activities of Na+/
K+ATPase, HK and PK activities were decreased in diabetic control group. PK, HK and Na+/K+ATPase activities
were increased in liver in diabetic+CdCl2 and Diabetic+Insulin+CdCl2 groups. An increase was determined in
activities of HK, PK, and Na+/K+ATPase in insulin and LA
treated groups compared with diabetic control group.

SONUÇ: Bu sonuçlar insülin ve LA uygulamasının Cd ve
STZ’nin neden olduğu karaciğer hasarına karşı etkili bir
terapötik müdahale olabileceğini düşündürmektedir.

CONCLUSIONS: These results suggest that application
of insulin and LA could be an effective therapeutic
intervention against liver injury caused by Cd and STZ.
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INTRODUCTION
Diabetes mellitus (DM) is one of the toughest
health problems of the 21st century and
influences 347 million people in the world.
It is expected that this number will increase
gradually and diabetes will be the 7th top
reason of death worldwide in 2030.
DM is a multifaceted metabolic illness,
characterized by hyperglycemia and impaired
carbohydrate, protein and lipid metabolism
resulting from failure in insulin action, insulin
secretion or both (1). This change in the
metabolism of energy molecules is due to
alterations in the activities of enzymes or
proteins included in glucose metabolism or
in the transport of target tissues, for example
muscle, liver, and adipose. Therefore, these main
enzymes and proteins are significant control
points in glucose homeostasis (2). The most
prominent feature of diabetes is associated
with abnormal glucose metabolism because
of insulin deficiency. It has been revealed that
the activities of the enzymes in the glycolytic
and pentose phosphate pathways are reduced,
while the activities of the glycogenolytic and
gluconeogenic pathways are increased. For
the protection of normoglycemia, coordinated
regulation and integration of various metabolic
pathways containing gluconeogenesis and
glycolysis are required (3).
Cadmium (Cd) is a toxic transition metal
considered by the Agency for Toxic Substances
and Disease Registry as one of the most
dangerous environmental pollutants. In the
non-occupational community, the main
sources of Cd intoxication are drinking water,
contaminated food items and smoking
tobacco. Cd is regarded greatly toxic and is
increasingly bioaccumulated in organism
with a biological half-life in people, which is
estimated in decades (4). Chronic exposure
to Cd results in metal accumulation in tissues
and organs, especially in the liver and kidney
and causes many histological and metabolic
changes, altered gene expression, membrane
damage, and apoptosis (5). Cd toxicity is
furthermore connected to chancing of redox
state and antioxidant system of cells, lipid

peroxidation, altered expression of various
proteins, and modification in protein structure
(6). Epidemiologic studies indicate a positive
association between high blood glucose levels
and occuring of diabetes when exposed to
environmental Cd. When exposed to cadmium,
damage to the pancreas, liver, adrenal gland,
and adipose tissue occurs. As a result of
this, altered glucose uptake and/or glucose
metabolism results in an increase in blood
glucose. In studies, it has been shown that Cd
increased hyperglycemia and nephrotoxicity
in experimentally induced diabetic animals. It
has also been shown in these studies that Cd
decreases insulin levels and has direct cytotoxic
efficacy on the pancreas (5, 7).
Type 1 diabetic patients are dependent
on exogenous insulin (8). Treatment with
insulin provides effective glycemic control
but causes such as short shelf life, constant
cooling requirement, ineffectiveness on oral
administration and lethal hypoglycaemia in
case of overdose limit the use of insulin (9).
In recent times, an increasing concern has
led to the return of traditional and alternative
medicines that take the place of synthetic in
the treatment of diabetes. The results obtained
in the previous report clearly demonstrate that
in addition to traditional antidiabetic therapy,
antioxidant therapy would be beneficial (10).
In this context, a series of bioactive molecules
contained within vegetables, fruits, food
components, and other natural resources
are being continually investigated for their
direct or indirect utility in inhibiting and/or
administration of diabetes (3).
Lipoic acid (LA), or 1,2-dithiolane-3- pentanoic
acid, is a naturally consisting dithiol substance,
essential for the functions as a cofactor for some
mitochondrial enzymes, cause the manufacture
of ATP. It is known that LA has strong antioxidant
potency and is influential in both oxidative
stress inhibition and management in a number
of models or clinical conditions, including
diabetes (11). LA is a powerful compound
with amphipathic properties, is capable of
extinguishing free radical, chelating metal and
regenerating other antioxidants (6).
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As previous investigation, exposure to Cd is Table 1: Experimental groups, administered substances
increasing depending on the development with the amounts and applications
of industry and urbanization. On the other
hand, there is connection with Cd exposure
and diabetes as previous reports (4). Some
research has demonstrated that the application
of exogenous antioxidants can be supportive
therapy to treat diabetes in mammals (11). In
light of the above insight, the object of our study
was to explore the potential influence of insulin
and LA which is an antioxidant that has been
clinically tested as a treatment for diabetes,
against the Cd exposure in type I diabetic rats.
Table 1: Experimental groups, administered substances with the amounts and applications
Experimental Groups

Applications

(n=8)

Control Group

sodium citrate buffer (i.p.)+ Physiological Saline (s.c.)

Diabetic Control

STZ (65 mg/kg, i.p.) + Physiological Saline (s.c.)

Diabetic+Insulin

STZ (65 mg/kg, i.p.) + Insulin (4 IU/day, s.c.)

Diabetic +CdCl2

STZ (65 mg/kg, i.p.) + CdCl2 (1,2 mg/kg/day, s.c.)

Diabetic +Insulin+CdCl2

STZ (65 mg/kg, s.c.) + Insulin (4 IU/day, s.c.) + CdCl2
(1,2 mg/kg/day, s.c.)

Diabetic +CdCl2+Lipoic Acid

STZ (65 mg/kg, i.p.) + CdCl2 (1,2 mg/kg/day, s.c.) +
Lipoic Acid (100 mg/kg/day, i.p.)

Diabetic +CdCl2+Insulin+Lipoic Acid

STZ (65 mg/kg, i.p.) + CdCl2 (1,2 mg/kg/day, s.c.) +
Insulin (4 IU/day, s.c.) + Lipoic Acid (100 mg/kg/day,
i.p.)

MATERIALS AND METHODS
Animals
Male Wistar rats (3-4 months old; 250-300 g)
were preserved under controlled conditions of
temperature and humidity, with free access to
water and food. The rats were obtained from
Eskisehir Osmangazi University Experimental
Research Center. They were maintained on a
reversed 12:12 h light:dark cycle with temperature at 21±1°C.

Sample preparations

Table 2: Serum glucose, BUN and blood HbA1c levels (mean ± SD)
Control
Diabetic control
Diabetic+Insulin
Diabetic +CdCl2
Diabetic +Insulin+CdCl2
Diabetic +CdCl2+LA
Diabetic +Insulin+CdCl2+LA

Glucose(mg/dL)
147±11,6
532±32,4**
388±18,2**,+++
456±28,9**,+++
416±50,9**,+++
123±15,2+++,aaa
333±37,8**,+++,a

HbA1c(%)
3,76±0,28
6,55±0,21**
6,08±0,29**,+
6,11±0,23**,+
5,80±0,24**,+++
5,52±0,31**,+++,aa
5,70±0,20**,+++

BUN(mg/dL)
20±2,26
36,38±3,54**
33,38±4,50**
38,75±1,23**
32±4,69**
29±4,10**,++
26,13±2,47*,+++,***,aa

At the end of the experimental period, rats were
killed by cervical dislocation following ketamine
and xylazine anesthesia. Blood was collected
by cardiac puncture, before the cervical
dislocation. Blood samples were seperated into
two different tubes, one tube for biochemical
analysis in serum and the other tube which
is containing EDTA for the measurment of
Ethical approval: This intervention was appro- HbA1c. Serum was collected after 3500 g
ved by the Animal Care and Use Committee (Et- centrifugation at 4 °C for 10 min to determine
hic number: 932009), Faculty of Medicine, Eski- glucose, alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and alkaline
sehir Osmangazi University.
phosphatase (ALP), blood Urea Nitrogen (BUN),
Induction of diabetes and experimental low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglyceride (TG) levels.
design
The other whole blood samples were used
Fifty six rats were seperated into 7 main groups for HbA1c analysis. Liver tissue samples were
of 8 rats each (Table 1). Diabetes was induced cleaned using an ice-cold solution of isotonic
in 6 group rats (n = 48) by i.p. injection of 65 NaCl at ice cold for the removal of bloody spots,
mg/kg STZ (Sigma–Aldrich, St Louis, MO) in and then they were dried with blotting paper.
pH 4.5 sodium citrate buffer. Eight rats were Liver tissue were seperated into three parts for
injected with buffer, which used as a healthy determine the enzyme activities and kept at
control. Two days after treatment with STZ, −80 °C until analysis.
blood glucose levels of overnight fasting rats
were monitored in samples obtained from Determination of Biochemical Parameters
the tail vein of rats using accutrend strips. Rat
whose blood glucose levels exceeded 12 mM Serum glucose, AST, ALT, ALP, BUN, LDL, HDL,
were considered diabetic (12). Insulin (4 IU/day) and TG levels were measured with a Roche
was given s.c. to the rats for 3 weeks after 2 days Diagnostic Modular Analyser using Cobas
the injection of STZ. The rats were administered Roche/Hitachi kit and and expressed as mg/dL,
with CdCl2 (1,2 mg/kg/day, s.c.) and LA (100 U/L, U/L, U/L, mg/dL, mg/dL, mg/dL, and mg/
mg/kg/day, i.p.) for five times a week during 3 dL, respectively. HbA1c level was measured
consecutive weeks after 2 days the injection of via Cobas Roche/Hitachi kit via Hithachi 911
Modular Analyzer and specified as %.
STZ (Table 1).
* p<0.05; ** p<0.001; (compared to control)
+P<0.05; ++P<0.01; +++P<0.001
aP<0.05; aaP<0.01; aaaP<0.001

(compared to diabetic control)

(compared to Diabetic+Insulin)

***p<0.05; (compared to Diabetic+Insulin+CdCl2)
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Determination of Hexokinase Activity

Serum glucose, HbA1c, and BUN levels
The glucose, HbA1c, and BUN levels were
significantly elevated in the diabetic control in
comparison with the control group (p<0.001,
p<0.001, p<0.001). Glucose level was significantly
increased in the serum of diabetic control
compared with the other groups (p<0.001).
Glucose
level was decreased diabetic+CdCl2+LA
Table 1: Experimental groups, administered substances with the amounts and applications

To determine the hexokinase (HK) activity, liver
tissues were homogenized in 3 mM sodium
phosphate buffer (containing 5 mM EDTA
and 5 mM β- mercaptoethanol, pH 7.0) and
centrifuged at 30000 g for 30 min (13). HK
activity was measured spectrophotometrically
by the method described by Beutler (14).
Protein content was determined using the
Biuret method (15). Results were expressed as and
diabetic+CdCl2+insulin+LA
groups
Experimental Groups
Applications
units per milligram protein.
(n=8)
when
compared to the diabetic+insulin
Control Group
Physiological Saline (s.c.)
group (p<0.001, p<0.05).sodium citrate
Thebuffer (i.p.)+
HbA1c
Determination of Pyruvate Kinase Activity
Diabetic Control
STZ (65 mg/kg, i.p.) + in
Physiological
levels
were significantly increased
theSaline (s.c.)
To determine the PK activity, liver tissues
diabetic control group STZin(65 mg/kg,
comparison
i.p.) + Insulin (4 IU/day, s.c.)
were homogenized in 50 mM Tris HCl buffer Diabetic+Insulin
with the diabetic+insulin, diabetic+CdCl2,
(containing 0,1 mM EDTA, pH 7.6) and Diabetic +CdCl
STZ (65 mg/kg, i.p.) + CdCl2 (1,2 mg/kg/day, s.c.)
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
centrifuged at 8000 g for 30 min (16). PK activity
and
diabetic+CdCl2+insulin+LA
groups
Diabetic
+Insulin+CdCl
STZ (65
mg/kg, s.c.)(p<0.05,
+ Insulin (4 IU/day, s.c.) + CdCl2
(1,2 mg/kg/day, s.c.)
was assayed by the method described by
p<0.05, p<0.001, p<0.001, p<0.001). The HbA1c
Beutler (14). Protein content was determined
level
decreased
diabetic+CdCl2+LA
Diabetic was
+CdCl +Lipoic
Acid
STZ (65 mg/kg, i.p.) + group
CdCl2 (1,2 mg/kg/day, s.c.) +
Lipoic Acid (100 mg/kg/day, i.p.)
using the Biuret method (15). Results were
when compared to the diabetic+insulin group
Diabetic +CdCl +Insulin+Lipoic Acid
specified as units per milligram protein.
STZ (65 mg/kg, i.p.) + CdCl2 (1,2 mg/kg/day, s.c.) +
(p<0.01). BUN levels in diabetic+CdCl2+LA
Insulin (4 IU/day, s.c.) + Lipoic Acid (100 mg/kg/day,
i.p.)
and diabetic+CdCl2+insulin+LA
groups were
Determination of Na+/K+ATPase Activity
signiﬁcantly lower than diabetic group (p<0.01,
To determine Na+/K+ATPase activity, liver p<0.001,) (Table 2).
tissues were homogenized in 10 mM Tris HCl Table 2: Serum glucose, HbA1c, creatinine, and BUN lebuffer (containing 1 mM EDTA and 0,25 M vels
(mean ± SD)
Table 2: Serum glucose, BUN and blood HbA1c levels (mean ± SD)
sucrose, pH 7.6) and centrifuged at 20000 g
Glucose(mg/dL)
HbA1c(%)
BUN(mg/dL)
147±11,6
3,76±0,28
20±2,26
for 20 min (17). The activities of Na+/K+ATPase Control
Diabetic control
532±32,4
6,55±0,21
36,38±3,54
Diabetic+Insulin
388±18,2
6,08±0,29
33,38±4,50
was assayed by the method described by Diabetic +CdCl
456±28,9
6,11±0,23
38,75±1,23
Diabetic +Insulin+CdCl
416±50,9
5,80±0,24
32±4,69
123±15,2
5,52±0,31
29±4,10
Matteucci (12, 18). Protein content in the tissue Diabetic +CdCl +LA
Diabetic +Insulin+CdCl +LA
333±37,8
5,70±0,20
26,13±2,47
homogenate was determined using the Biuret
method (15). Results were specified as units per * p<0.05; ** p<0.001; (compared to control)
P<0.05; P<0.01; P<0.001 (compared to diabetic control)
milligram protein.
2

2

2

2

+

Statistical analysis
Statistical Package for Social Sciences version
15.0 software was used for statistical analysis.
Statistical differences between control and
experimental groups were determined by oneway analysis of variance followed by Tukey post
hoc comparison test. Data are presented as
mean ± SD. A p values less than 0.05 were found
as statistically significant.
RESULTS
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(compared to Diabetic+Insulin)

***p<0.05; (compared to Diabetic+Insulin+CdCl2)

Serum AST, ALT, and ALP levels
We determined increased AST (p<0.001),
ALT (p<0.001), and ALP (p<0.001) levels in
all experimental groups when compared
to control group. We found increased AST
(p<0.001) and ALT (p<0.001) levels in the
diabetic+CdCl2 group when compared to the
other experimental groups. CdCl2 treatment
signiﬁcantly increased the AST levels in
diabetic+CdCl2+LA groups when compared to
diabetic control group (p<0.001). AST level was
lower in diabetic+insulin than diabetic control,

diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
and diabetic+CdCl2+insulin+LA groups (p<0.01,
p<0.001, p<0.001). We determined increased
ALT levels (p<0.001) in the diabetic control
group when compared to the diabetic+insulin,
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
and
diabetic+CdCl2+insulin+LA
groups
(p<0.001, p<0.001, p<0.001, p<0.001). The ALT
level was decreased in both diabetic+insulin
and diabetic+insulin+CdCl2 groups as
compared with the diabetic+CdCl2+LA and
diabetic+CdCl2+insulin+LA groups (p<0.001,
p<0.001). We found increased ALP levels
(p<0.001) in the diabetic control group when
compared to the other experimental groups.
The ALP level was also higher in diabetic+CdCl2
group than in diabetic+insulin+CdCl2 and
diabetic+CdCl2+insulin+LA groups (p<0.001,
p<0.001) (Table 3).

AST(U/L)
142±4,4
231±5,6*
216±3,2*,+,**
510±9,1*,++
236±10,4*,**,***,+++
360±9,0*,++,**,***
226±8,6*,**,***,+++

ALT(U/L)
51±6,9
158±13,5*
116±3,9*,++,**
194±5,8*,++
126±4,7*,++,**,+++
71±4,8*,++,**,***
85±5,1*,++,**

ALP(U/L)
278±29,9
2126±43,4*
1922±72,6*,++,
1688±63,4*,++
1271±45,8*,++,**
1626±72,7*,++
1308±81,8*,++,**

to diabetic control)

**p<0.001 (compared to Diabetic+CdCl2)

***p<0.001 (compared to Diabetic+Insulin)
+++P<0.001

(compared to Diabetic+CdCl2+LA)

Serum LDL, HDL, and TG levels
Table 4: Serum LDL, HDL, and TG levels (mean ± SD)

HDL(mg/dL)significantly
TG(mg/dL)
The
LDL and TGLDL(mg/dL)
levels were
Control
7,25±1,03
39,5±1,85
64±3,06
Diabetic
control
11,75±1,66
33±1,92
elevated
in the 7,50±0,92
diabetic34,13±1,80
control75±3,02
group
Diabetic+Insulin
226±5,99
9,75±0.70
25,63±1,40
62±3,10
inDiabetic+CdCl
comparison
with
the
control
group
Diabetic+Insulin+CdCl
7,88±1,35
26,63±1,68
202±12,95
(p<0.001,
We determined
increased
Diabetic+CdCl +LAp<0.05).9,38±0.51
26,25±1,49
44±3,19
Diabetic+Insulin+CdCl +LA
7,75±0,88
24,5±1,77
71±4,14
TG level in the diabetic control group
when
compared to the diabetic+insulin,
* p<0.05; ** p<0.01; *** p<0.001 (compared to control)
diabetic+insulin+CdCl2
(p<0.001, p<0.001).
P<0.05; P<0.01; P<0.001 (compared to diabetic control)
We
found
decreased
TG) level in the
p<0.05; p<0.01; p<0.001 (compared to Diabetic+CdCl
diabetic+CdCl2+LA
groups when compared
p<0.05; p<0.001 (compared to Diabetic+Insulin)
p<0.001
(compared
to
Diabetic+Insulin+CdCl
)
to the control (p<0.001).
We determined
increased LDL level in the diabetic control
group when compared to the diabetic+insulin,
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
and
diabetic+CdCl2+insulin+LA
groups
(p<0.001, p<0.001, p<0.01, p<0.001).
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We found decreased LDL level in the
diabetic+insulin group when compared to
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Table
4: Serum LDL, HDL, and TG levels (mean ± SD)
Table 4: Serum LDL, HDL, and TG levels (mean ± SD)
Control
Diabetic control
Diabetic+Insulin
Diabetic+CdCl2
Diabetic+Insulin+CdCl2
Diabetic+CdCl2+LA
Diabetic+Insulin+CdCl2+LA

LDL(mg/dL)
7,25±1,03
11,75±1,66***
7,50±0,92+++,a
9,75±0.70***,++
7,88±1,35a

9,38±0.51**,++,#,###
7,75±0,88+++,aa,
###

HDL(mg/dL)
39,5±1,85
33±1,92***
34,13±1,80***,a
25,63±1,40***,+++*
26,63±1,68***,+++,##

26,25±1,49***,+++,##
24,5±1,77***,+++,##

TG(mg/dL)
64±3,06
75±3,02*
226±5,99***,+++
62±3,10##
202±12,95***,+++,aaa,
##

44±3,19***,+++,aaa, ##
71±4,14+++,##

* p<0.05; ** p<0.01; *** p<0.001 (compared to control)
+P<0.05; ++P<0.01; +++P<0.001
ap<0.05; aap<0.01; aaap<0.001
###p<0.001

* p<0.001 (compared to control)
+P<0.01; ++P<0.001(compared

AST(U/L)
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Control
142±4,4
51±6,9
278±29,9
diabetic+CdCl2
and
diabetic+CdCl2+LA
groups
Diabetic control
231±5,6
158±13,5
2126±43,4
Diabetic+Insulin
216±3,2 **
116±3,9 **
1922±72,6
(p<0.05,
Diabetic+CdCl p<0.05). The
510±9,1 HDL level
194±5,8 was decreased
1688±63,4
Diabetic+Insulin+CdCl
236±10,4 **,***,
126±4,7 **,
1271±45,8 **
inDiabetic+CdCl
the diabetic
control
in comparison
+LA
360±9,0 group
**,***
71±4,8
**,***
1626±72,7 with
Diabetic+Insulin+CdCl +LA
226±8,6 **,***,
85±5,1 **
1308±81,8 **
the control group (p<0.001). We determined
* p<0.001 (compared to control)
decreased
HDL level in the diabetic+CdCl2,
P<0.01; P<0.001(compared to diabetic control)
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
**p<0.001 (compared to Diabetic+CdCl )
and
diabetic+CdCl2+insulin+LA groups when
***p<0.001 (compared to Diabetic+Insulin)
compared
to the diabetic control group
P<0.001 (compared to Diabetic+CdCl +LA)
(p<0.001, p<0.001, p<0.001, p<0.001) (Table 4).

#p<0.05; ##p<0.001

Table
3: Serum AST, ALT, and ALP levels (mean ± SD)
Table 3: Serum AST, ALT, and ALP levels (mean ± SD)
Control
Diabetic control
Diabetic+Insulin
Diabetic+CdCl2
Diabetic+Insulin+CdCl2
Diabetic+CdCl2+LA
Diabetic+Insulin+CdCl2+LA

Table 3: Serum AST, ALT, and ALP levels (mean ± SD)

(compared to diabetic control)

(compared to Diabetic+CdCl2)

(compared to Diabetic+Insulin)

(compared to Diabetic+Insulin+CdCl2)

Na+/K+ATPase, hexokinase, and pyruvate
kinase activities in liver
The liver Na+/K+ATPase activitiy was decreased in
the diabetic group and diabetic+CdCl2+insulin
+LA group when compared to the control group
(p <0.001, p<0.05) (Table 5). The Na+/K+ATPase
activitiy was higher in diabetic+insulin+CdCl2
and diabetic+CdCl2+LA groups than in control
group (p<0.001, p<0.001). We determined
increased Na+/K+ATPase activitiy in the diabetic
+CdCl2, diabetic+insulin+CdCl2, diabetic+CdCl2
+LA, and diabetic+CdCl2+insulin+LA groups
when compared to the diabetic group (p<0.001,
p<0.001, p<0.001). The Na+/K+ATPase activitiy
was decreased in diabetic+insulin group as
compared with the diabetic+CdCl2, diabetic
+CdCl2+LA, and diabetic+CdCl2+insulin groups
(p<0.01, p<0.001, p<0.001). Activity of Na+/K
+ATPase was decreased in the diabetic+CdCl2
group in comparison with the diabetic+CdCl2+LA,
and diabetic+CdCl2+insulin groups (p<0.01,
p<0.001) (Table 5).
We determined decreased HK activity in the
diabetic control group when compared to the
control group (p<0.001). The HK activitiy was
lower in diabetic control group when compared
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to the other groups (p<0.001, p<0.001,
p<0.001, p<0.001, p<0.001). HK activity
was lower in diabetic+insulin group than
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
groups (p<0.01, p<0.001) (Table 5).
Table 5: Liver HK, PK, and Na+/K+ ATPase activities (mean
± SD)
Table 5: Liver HK, PK, and Na+/K+ ATPase activities (mean ± SD)
Hexokinase
Activity(U/mg
protein)
5,79±0,32
1,74±0,23***,+
3,27±0,12***,+
3,26±0,16***,+
3,97±0,20***,+,++
7,90±0,25***,+,+++

Control
Diabetic control
Diabetic+Insulin
Diabetic+CdCl2
Diabetic+Insulin+CdCl2
Diabetic+CdCl2+LA
Diabetic+Insulin+CdCl2+LA

2,44±0,13***,+,+++

Pyruvate Kinase
Activity(U/mg
protein)
0,122±0,006
0,097±0,005***
0,126±0,006+
0,111±0,008**,+,+++,#
0,147±0,006+,+++,aaa
0,095±0,005***,+++,aaa,
#

0,101±0,004***,+++,a

Na+/K+ ATPase
Activity(U/mg
protein)
0,791±0,06
0,641±0,08***
0,696±0,08
0,826±0,06+,++
0,995±0,06***,+,+++,aaa
1,130±0,04***,+,+++,aa
0,678±0,07*

* p<0.05; ** p<0.01; *** p<0.001 (compared to control)
+P<0.001; (compared

to diabetic control)

++p<0.01; +++p<0.001

(compared to Diabetic+Insulin)

ap<0.05; aap<0.01; aaap<0.001
#p<0.05

(compared to Diabetic+CdCl2)

(compared to Diabetic+Insulin+CdCl2)

The
PK
activity
decreased
in
diabetic+CdCl2,
diabetic+CdCl2+LA,
and
diabetic+insülin+CdCl2+LA
group
when
compared to the control group (p<0.01,
p<0.001, p<0.001). We determined increased
PK activity in the diabetic+insulin+CdCl2
group when compared to the control
group (p<0.001). The PK activities increased
in diabetic+insulin, diabetic+CdCl2, and
diabetic+insulin+CdCl2 groups as compared
with diabetic+CdCl2 (p<0.001, p<0.001,
p<0.001). The PK activities were significantly
increased in the diabetic+insulin group in
comparison with the diabetic+CdCl2+LA, and
diabetic+CdCl2+insulin+LA groups (p<0.001,
p<0.001) (Table 5).
DISCUSSION
There is little information about the evolution
and complications of metabolic disorders
caused by modern environmental health
hazards. Cd has in recent times appeared
as a most important concern not only in
environmental toxicology but also in metabolic
illnesses like diabetes and its complications (19).
In the current study, we explored the possible
ameliorative effects of combine administration
of LA and insulin against experimental Cd
exposed diabetic rats. For this reason, serum
levels of lipids, liver marker enzymes, liver HK,
PK, and Na+/K+ATPase activities were evaluated
in this study.

STZ was used in our study for induction of
experimental diabetes in rats. STZ-induced
diabetes is caused by the specific destroy of the
pancreatic islet β-cells leading insulin deficiency
and hyperglycaemia. The mechanism involved
in the induction of STZ induced diabetes is
related to the excessive production of free
radical causing toxicity in pancreatic cells which
decreases the release and the synthesis of
insulin, while influencing organs for example,
kidney, hematopoietic system, and liver (20). In
our study, the blood glucose levels of diabetic
rats increased. Increased glucose level is
mainly the outcome of the disruption of either
peripheral or liver tissues to metabolize glucose
and the activation of gluconeogenesis in the
kidney and the liver (21).
On the other hand, epidemiological studies
show that there is a positive relationship
among exposure to environmental pollutants
Cd and the frequency and intenity of diabetes.
In experimental studies, it has been determined
that Cd application caused the diabetogenic
effects in both acute and subchronic exposure
model (22). For instance, in one study, Cd was
shown to elevate plasma glucose levels when
compared non-fasted rats (22, 23). Additionally,
Cd has been demonstrated to aggravate diabetic
hyperglycemia. In the alloxan-induced diabetic
animals exposed to cadmium, the fasting blood
glucose level was found to be 4-fold higher,
whereas in the alloxan-alone-treated animals
only a 2-fold increase was detected (22, 24). In a
distinct research study operating STZ-induced
diabetic animals, determined that fasting blood
glucose levels were 5 fold upper in the diabetic
animals. In this study, no additional effect on
blood glucose levels was observed in diabetic
rats given Cd with drinking water for 75 days
(22, 25). On the contrary, in our study, the level
of glucose decreased in Cd treated diabetic rats
according to the diabetic group. In some studies,
blood glucose reduction was detected in Cdadministered groups (26). Some studies have
also presented that heavy metals can reduce
the glycogen reserves in fish and invertebrates
by affecting the activities of enzymes involved
in carbohydrate metabolism. It has been stated
that the reduction in blood glucose may be due
to a decrease in the liver glycogen concentration
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or impairment of intestinal glucose absorption
(27). This might suggest that Cd may alter
blood glucose levels and glycogen reserves
by affecting the activities of liver enzymes
involved in carbohydrate metabolism such as
gluconeogenesis and glycolysis.

In general, glycosylated hemoglobin (HbA1c),
advanced glycation end products formation,
elevated blood glucose levels, decreased
insulin levels, and body weight loss are
characterized by STZ-induced diabetes. HbA1c
values were reported to be close to normal after
insulin treatment. Also, it was reported that LA
Significant reductions in serum glucose levels treatment reduced blood glucose and HbA1c
were observed after LA was administered in levels (31). It was found that HbA1c increased in
studies performed (28). Gradually the ability diabetic condition and the quantity of increase
of different LA formulas to enhance glucose was directly proportional to the fasting blood
uptake and glycogen synthesis in both in glucose level (32). We determined increased
vitro and animal models has been tested. The HbA1c level in all experimental groups when
molecule tries to improve insulin sensitivity compared to control group. According to the
by increasing glucose uptake and modulating diabetic control group, there was a significant
signal transduction (29).
reduction in diabetic+insulin, diabetic+CdCl2,
diabetic+insulin+CdCl2, diabetic+CdCl2+LA,
Early research has shown that LA increases and diabetic+insulin+CdCl2+LA groups.
insulin sensitivity and ameliorates impaired
glucose tolerance. When rats are given LA, DM is usually related to irregular lipid
insulin-stimulated glucose transport increases metabolism. Hyperlipidemia is a complication
throughout the body and skeleton (30). associated with hyperglycemia in diabetics
Numerous mechanisms have been suggested to and is characterized by changes in TG’s, C, and
demonstrate the hypoglycemic effect of LA, such lipoproteins (33). The current work showed
as the inhibition of hepatic gluconeogenesis, the important increase in the TG and LDL levels
accelerated use of glucose by peripheral tissues and important decrease in the HDL level in the
through the translocation of glucose carriers diabetic group compared to the control rats.
in plasma membranes, autophosphorylation Our study is compatible with other studies
of insulin receptors and increased insulin which show abnormal lipid pattern in diabetic
sensitivity due to the oxidation of thiol groups subjects, suggesting the reasonableness of our
in the beta subunit of the insulin receptor results.
by the oxidized form of LA. It has also been
reported that LA decreases the gluconeogenic With the administration of LA to groups, the
enzyme activities, thereby lowering blood levels of serum TG and LDL were reduced;
glucose and stimulating glycolysis (28). In this however, no improvement in HDL in this
study, LA treatment decreased the glucose group was observed which was comparable
level. This might propose that LA can be with diabetic group. As in our study, other
inhibit harmful effect of STZ on blood glucose. studies have reported lipid lowering effects
Our outcomes support that antioxidant of LA. LA can improve lipid profile through
supplementation has a positive effect in decreasing
hydrxoy-methyl-glutaryl-Co-A
regeneration of pancreatic islet cells, increasing reductase activity, and/or by increasing lecithin
insulin release and reducing blood glucose cholesterol acyl transferase and lipoprotein
concentration in STZ-induced diabetic rats. On lipase activities. Also LA may normalize blood
the other hand, glucose level was decreaced and liver TG by inhibition of hepatic lipogenic
in diabetic+CdCl2+LA group compared to the gene expressions and stimulation of TG-rich
diabetic+CdCl2+Insulin+LA group. According lipoproteins clearance. Recently It has been
to these data, the administration of LA alone proposed that probably through activation
has been shown to have a more beneficial effect of AMP-activated protein kinase, LA causes
than the combination with insulin.
blocking of acetyl-CoA carboxylase, leading to
enhanced mitochondrial fatty acid β- oxidation
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(34). As another mechanism, it has been
postulated that LA, by its anti-inflammatory
functions, may downregulate the endothelial
lipase, which could result in improvement of
HDL levels (35).
Numerous experimental and epidemiological
researches further propose that chronic
exposure of Cd and STZ induced changes of
lipid metabolism leads to diabetic nephropathy
(36). TG level was lower in diabetic+CdCl2
group as compared to diabetic control groups.
The values of our work are compatible with
other studies (37). However, LDL was lower for
diabetic+CdCl2 group as compared to diabetic
control group.
During the impairment of carbohydrate
metabolism, the liver and kidneys also play vital
roles in the glucose metabolism of diabetic
rat. Clinically, several enzymes and substance
levels are used as biochemical markers for early
diagnosis of diabetes and its complications,
including AST, ALT, and BUN. In our study,
rats displayed liver damage as revealed by
noticeably raised enzymatic activities of serum
ALT and AST indicating that diabetes can
cause liver damage (38). Also, increased serum
analysis of BUN level in diabetic rats has been
used to reflect the impaired physical status of
the kidney. On the other hand, application of
Cd to diabetic rats increased the AST and ALT
levels. Once Cd is taken up by the cells, it induces
oxidative stresses, inflammation, and lipid
peroxidation thus causing liver damage (39).
From our work, the administration of insulin, LA
and insulin+LA to Cd exposed diabetic rats had
significant effects on the suppression of ALT
and AST activities as well as BUN level in serum,
suggesting that insulin and LA had potential
protective effects against Cd and STZ-toxicity to
the liver and kidneys (38). This might be dealing
with the curative influence of insulin and LA on
blood glucose levels. These results propose that
LA may be an influential therapeutic application
against liver damage caused by Cd and STZ.
The liver is an insulin sensitive tissue that has
an important role in glucose metabolism by
regulating the interplay among glucose usage

and gluconeogenesis. A partial or total lack
of insulin production decreases PK, HK, and
glucose-6-phosphate dehydrogenase activity
and causes degradation of glucose metabolism,
leading to disturbed peripheral glucose
utilization and increased hepatic glucose
production (40).
In general, elevated glucose production,
reduced glycolysis and hepatic glycogen
synthesis appear to be a consequence of low
HK and high glucose-6-phosphatase activities
in the diabetic state (33). HK is the first key
enzyme of the glycolytic pathway that catalyzes
the phosphorylation of glucose for its activation
to glucose-6-phosphate. (41). The restoration
of HK activity may play a role in normalizing
glucose levels. Insufficient HK activity in
diabetic state could cause reduced usega of
glucose for energy manufacture. (33). Some
studies have shown a decrease in HK activity in
the diabetes group compare to the control (42,
43). In experimental diabetes, a relative insulin
deficiency causes a decrease in the activity of this
enzyme (41). In our study, decreased HK activity
was determined in STZ-induced rats. This might
be because the cells are not getting enough
insulin. Furthermore, hepatic HK is an inducible
enzyme and its synthesis is directly or indirectly
induced by insulin. Glucose phosphorylation in
the liver is reduced in diabetics and it returns
to its normal value by insulin therapy (44). We
observed increased HK activity from insulin
treated groups. The significant increase in HK
activity in our study indicated that the efficiency
of insulin in glycemic control. Researchers have
found that Cd affects the mechanisms or rates
of action of certain enzymes by activation,
inactivation, ligand-releasing reactions, or
by mechanisms that are not yet known (26).
Cd exposure has also been shown to increase
carbohydrate metabolism in the liver (45). In
the study performed by Sastry et al., HK activity
decreased after administration of 96 hours, 60
and 120 days of Cd in the liver, while activity
increased at 15 and 30 days of exposure (27). In
accordance with this, in our work, HK activities
were higher in Cd applicated groups when
compared with diabetic control group. The LA
and insulin treated Cd exposed diabetic rats
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displayed increased HK activity that may cause diabetic animals is reduced in many tissues.
activation of glycolysis and elevate the usage (48). In our work, a decrease in Na+/K+ATPase
of glucose for energy manufacture. We have activity was detected in STZ induced diabetic
supplied new evidence that LA can make better rats. Reduced liver Na+/K+ATPase activity
glucose metabolism through the modulation may cause in the decrement of physiological
of glycolytic enzymes such as HK. This work function of liver tissue. However, these
further suggested that the modest increase outcomes suggest that high glucose levels may
in HK activity in the liver improves glucose cause a decrease in Na+/K+ATPase activity. In
metabolism and support glucose homeostasis. a study by Carageorgiou et al., Na+/K+ATPase
PK irreversibly catalyses the transfer of the activity was found to be increased due to longphosphoryl group from phosphoenolpyruvate term administration of Cd. It has been reported
to ADP, forming pyruvate and ATP. Its altered that metal ions can activate Na+/K+ATPase
activity in the course of diabetic states may be activity in both short and long term exposures.
expected to reduce the metabolism of glucose As a consequence, they have indicated that
and ATP production. Thus, the reduction in PK the possible mechanism of chronic adaptation
activity in the liver of STZ-induced diabetic induced by Cd may have developed (49).
rats is responsible for decreased glycolysis and Also, in our study, treatment with Cd elevated
enhanced gluconeogenesis, indicating that the Na+/K+ATPase activity in liver. Insulin
these two pathways are distorted in diabetes. stimulates the Na+/K+ATPase activity. It is
(40). In our work, in accordance with this, the known that insulin causes translocation of
activity of PK was reduced in liver tissue of Na+/K+ATPase from intracellular area to the
diabetic control group. However, administration surface of the cell. Many interventions have
of insulin improved the activity of PK. It can be demonstrated that insulin directly improves
suggested that diabetic rats treated with insulin Na+/K+ATPase activity in liver, skeletal muscle,
could increase glucose utilization by increasing kidney, lymphocytes, and adipocytes many
the activity of PK. The finding proposed that other cells and organs (50). Similarly, in our
the insulin was ameliorating the glucose study, Diabetic+CdCl2+insulin group showed
metabolism by elevate the use of glucose. On increased Na+/K+ATPase activity compared
the other hand, researcher reported that Cd has with diabetic and Diabetic+CdCl2 groups.
been shown to increase PK activity depending When cells were treated with insulin, the toxic
on dose. As their report the activation of PK was effects of STZ and Cd were abolished, proposing
seen after adrenergic stimulation associated the insulin ameliorates cell degenerations and
with Na+/H+ modifier activity in vertebrate modulate of Na+/K+ATPase activity. Treatment
erythrocytes. Cd-stimulated signal pathways with LA significantly increased the Na+/
are similar to those seen after hormone K+ATPase activity in Diabetic+CdCl2+LA group.
treatment in the cell (46). Similarly, in our study, LA may be preventing the inhibition of Na+/
Cd treated group demonstrated a net increase K+ATPase activity by causing detoxification of
in PK activity in liver. This increase suggests that free radicals (47).
liver cells change with Cd administration and
require more energy to maintain metabolic The mechanism by which LA affects our
balance. According to these results, our study measured parameters may involve maintaining
had also showed that the levels of PK activity membrane integrity or preventing the
in liver was not affected from the LA treatment. accumulation of oxidative compounds
Na+/K+ATPase is a membrane-bound enzyme generated as metabolic by-products in the liver
necessary for the active transport of diverse ions, cell. As a result, we can postulate that LA and
and are very sensitive to free radical reactions. insulin have a curative influence in Cd exposed
These enzyme is very sensitive to structural diabetic liver tissue, may be owing to regulation
alterations caused by lipid peroxidation. (47). of glycolytic enzymes and lipids via antioxidant
The activity of Na+/K+ ATPase in STZ-induced mechanism and reduction of tissue injury.
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