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ABSTRACT

Atherosclerosis is one of the common disorders among hypothyroidism, which, increased the risk of cardiovascular
diseases. Reactive oxygen species are associated with atherosclerosis development. Antioxidant defense systems are
the scavenger for free radicals. Apelin is an endogenous ligand for the APJ receptor (apelin receptor) that exists in
most tissues, acts as an adiponectin. It has been identified that apelin administration, improve the antioxidant
capacity (TAC). Therefore, this study was conducted to assess, therapeutic effects of apelin, T4 (L-Thyroxin) or both
on antioxidant capacity in 6-propyl-2-thiouracil (PTU)-induced hypothyroid rats. Forty male Wistar rats were
randomly assigned into five groups: C: control group; P group (hypothyroid): PTU (0.05 %) administration for six
weeks; P+A, P+T and P+A+T groups: after 4 weeks of PTU administration, animals treated with Apelin (200
ng/kg/day, ip) T4 (0.02 pg/g/day, gavage) and apelintT4; for two weeks respectively accompanied by PTU
administration. Aplein administration in P+A group and P+A+T group had beneficial effect to lowering of
malondialdehyde (MDA) content as compared to hypothyroid group (8.52+0.64 and 8.53+1 vs. 13.67+1.64 nmol/g
tissue, P<0.05) and also had increasing effect on Superoxide dismutase (SOD) and glutathion peroxidase (GPx)
activity and the total antioxidant capacity (TAC) content compared to the hypothyroid group. This study showed that
apelin was able to improve the oxidant-antioxidant balance in the heart tissue of the hypothyroid rats by elevating of
antioxidant enzyme activity.
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INTRODUCTION

Hypothyroidism is associated with the increased
risk for atherosclerosis and ischemic heart
diseases (Cappola and Ladenson 2003). Several
studies have shown that reactive oxygen species
(ROS) are involved in the process of
atherosclerosis (Mishra and Samanta 2012). The
available, finding concerning oxidant stress and
antioxidant capacity in hypothyroidism is scantly
and controversial. Some studies report that
tissues may be protected from oxidant damage
because of a hypometabolic state in
hypothyroidism (Pereira et al. 1994). Whereas
some other studies suggest that oxidative stress is
increased in hypothyroidism and oxidize low
density lipoprotein cholesterol (LDL-C) and
finally prone to atherosclerosis (Sundaram et al.
1997). Moreover, there is some controversial
finding about the content and activity of
enzymatic antioxidant in hypothyroidism; the
studies showed that the increase or decrease or
unchanged of SOD, catalase and glutathion
peroxidase in hypothyroid patients (Das and
Chainy 2001; Messarah et al. 2007; Araujo et al.
2011). To our knowledge, there is not any study
demonstrating the effects of thyroid hormone
replacement therapy by apelin and T4 or a
combination of both on enzymatic antioxidant
activity.

Apelin is an endogenous peptide that expressed
in various tissues including adipose tissue, heart,
vessels, lung, testis, ovary, mammary glands,
brain, liver, skeletal muscle and kidney, as well
as acts as a ligand for the APJ receptor (APJ;
gene symbol of apelin receptor, G protein-
coupled receptor) (Kawamata et al. 2001;
Tatemoto et al. 2001). It is a powerful inotrope,
peripheral vasodilator, and may affect central
fluid homeostasis, energy storage and
metabolism (Chandrasekaran et al. 2008). Apelin
is also considered as an adipokine, in adipose
tissue (Boucher J1 2005). It has been reported
that synthesis and secretion of adipokines, and
other inflammatory mediators are involved in the
atherosclerotic progress (von Eynatten et al.
2006).

Some studies reported that apelin increase
MRNA expression and activity of SOD, catalase
and glutathion peroxidase and decreased MDA
(it is the end stage of the lipid peroxidation
process and identify for lipid peroxidation
evaluation) in cardiac cell and tissue (Aikawa et
al. 2001; Foussal et al. 2010). An absence of
thyroid hormones causes morphological and
structural changes in cardiac myocytes that
brings about changes in hemodynamic
characteristics  which  hypothyroid patient
suffering from them (Fazio et al. 2004; Klein and
Danzi 2007). The oxidant-antioxidant imbalance
is one of the reasons in pathogenesis of tissue
damage (Halliwell1994). On the other hand, the
atherosclerosis in coroner, increase the rate of
myocardial infarction (Jashari et al. 2013).
Therefore the present study was designed to
investigate the therapeutic effects of apelin, T4 or
a combination of both on antioxidant capacity
and the lipid peroxidation in the heart of PTU-
induced hypothyroid rats.

MATERIALS AND METHODS

Materials

Ketamine and Xylazine were purchased from
Alfasan Co. (Holland). 6-propyl-2-thiouracil
(PTU) and L-Thyroxin (T4) were obtained from
Sigma-Aldrich Co. (USA). Apelin was purchased
from Cayman Chemical Co. (USA). 6-propyl-2-
thiouracil (PTU) (0.05%) was dissolved in tap
water; Apelin (200 pg/kg) was dissolved in
normal saline and was injected intraperitoneally.
L-Thyroxin was dissolved in 0.1 normal NaOH,
and then was diluted with tap water to the desired
concentration (0.02 pg/g) and was gavaged.

Animal treatment and sample collection

Forty male Wistar rats (190-230 g) were obtained
from the animal house of the Ahvaz Jundishapur
University of Medical Sciences and housed in
standard conditions (22 £ 2°C with a 12/12 h
light-dark cycle). The animals had free access to
standard rat chow diet (Pars Co., Iran) and tap
water. All procedures were approved by the
ethical committee of the Ahvaz Jundishapur
University of Medical Sciences (APRC 148,
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2013/03/07) and performed in accordance with
appropriate standards for animal use and care.
Rats were randomly assigned into five groups
(n=8 each): Control (C), P (Hypothyroid), P+A,
P+T, and P+A+T groups. All groups received
0.05% 6-propyl-2-thiouracil (PTU) in the
drinking water (Pan et al. 2013) for six weeks,
except the control group that received vehicle;
normal saline, ip injection and tab water gavage.
The P+A, P+T, and P+A+T groups received,;
apelin (200 pg/kg/day, ip)(Falcao-Pires and
Leite-Moreira 2005), T4 (0.02 pg/g/day,
gavage)(Pan et al. 2013), and apelin (200
pg/kg/day, ip) accompanied by T4 (0.02
pg/g/day, gavage) in the last two weeks,
respectively.
Body weight of rats was recorded weekly. At the
end of the experiment, 12h fasted rats were killed
by an overdose of anesthetic drug, abdomen was
opened and then exsanguinated from the
abdominal aorta, Then, serum was separated
from the blood and immediately frozen at -20
IC until assayed. Serum levels of Thyroxin (T4)
and thyroid stimulating hormone (TSH) were
assayed using ELISA kits from DiaPlus (USA)
and TSH ELISA kits from the Cusabio Company
(China), respectively.

Tissue Preparation

100 mg of the left wventricular tissues
homogenized in 1 ml phosphate buffer (0.1 M,
PH=7.4) on cold place. Homogenates were
centrifuged for 10 min at 4 [ C, and supernatants
were stored at -20 [IC until assayed the activity
of antioxidant enzymes and content of MDA and
TAC.

Determination of lipid peroxidation
Malondialdehyde (MDA) was determined by the
thiobarbituric acid method, using ELISA kit from

Bioassay System (USA), according to
manufacturer’s instructions.

Determination of antioxidant enzyme activity
The activity of SOD, -catalase, glutathion
peroxidase enzymes, and total antioxidant
capacity (TAC) content was assayed by using
ELISA kit form Bioassay System (USA),
according to manufacturer’s instructions.

Determination of protein concentration
Total protein concentration was measured by
Bradford’s method, using bovine serum albumin
as the standard (Jahanbakhsh et al. 2012).

Statistical analysis

Statistical analysis was performed with SPSS 20,
and data expressed as mean + standard error of
mean (SEM). Comparisons were made by one-
way analyses of variance (ANOVA) followed by
the LSD test. P value < 0.05 was considered as
statistically significant.

RESULTS

Serum TSH and T4 levels

In hypothyroid rats, compared to the control
group, Serum level of TSH was significantly
increased (P<0.01, Table 1), whereas T4 was
decreased (P<0.01), values indicating successful
induction of hypothyroidism by PTU. Compared
to the control group, In P+A and P+A+T groups,
serum level of T4 was significantly lower after
14 days of treatment, while those of serum TSH
were significantly higher (P<0.05). In P+T
group, serum level of T4 had not significant
difference compared to the control group, but the
TSH levels were significantly higher (P<0.05).

Table 1 - Serum levels of TSH and T4 in different groups (Mean+S.E.M., n=8)

Groups C P P+A P+T P+A+T
TSH (mIU/L) 1.3+0.2 17.5+2.8" 14.1+2.4” 1714217 9.6+1.8~
T4 (nmol/L) 75.5+4.6 18.3+2.3" 13.3+1.6"" 87.1+8.3" 40+3.4™

C: control group (normal saline injection and tab water gavage); P (Hypothyroid group): (0.05% PTU in the
drinking water for six weeks); P+A, P+T, P+A+T groups: after 4 weeks of PTU administration, animals treated
with Apelin (200 pg/kg/day, ip,), T4 (0.02 pg/g/day, gavage), and apelin+T4; for two weeks respectively
accompanied by PTU administration. ~ P<0.05, and ~"P<0.01 compared to the control; " P<0.05, and ' P<0.01
compared to the P group. The analysis of data was done by one-way ANOVA followed by LSD test.
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MDA levels

As compared to the control groups, MDA level
was non-significantly increased in the P group
(13.67 £ 1.64 vs. 10.25 = 0.92 nmol/g tissue)

(Fig. 1).
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Figure 1 - Comparison of malondialdehyde (MDA)
content in different groups. Data are expressed as
meanzSEM, n=8. The C: control group; P
(hypothyroid group): PTU administration for six
weeks; P+A, P+T, P+A+T groups: after for 4 weeks
of PTU administration, animals treated with Apelin
(200 pg/kg/day, ip), T4 (0.02 pg/g/day, gavage) and
apelin+T4; for two weeks respectively accompanied
by PTU administration. $P<0.05; +1P<0.01 compared
to the P group. The analysis of data was done by one-
way ANOVA followed by LSD test.

Administration of apelin or T4 separately in P+A
and P+T groups, or a combination of both in
P+A+T group decreased significantly MDA level
in left ventricular tissue compared to P group
(852 £0.64,7.11 £ 0.41and 853 + 1 vs. 13.67
+ 1.64 nmol/g tissue, P<0.05, P<0.01, P<0.05
respectively).

Total antioxidant capacity levels (TAC)

Total antioxidant capacity in the P group was
significantly decreased compared with the
control group (0.064 + 0.003 vs. 0.125 * 0.011
U/mg tissue) (Fig. 2). As compared with the
hypothyroid group, TAC was increased
significantly in all treated groups, (P+A: 0.1257
+ 0.013, P+T: 0.117 = 0.007, P+A+T: 0.011 £
0.007 vs. 0.064 + 0.003 U/mg tissue, P<0.01).
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Figure 2 - Comparison of total antioxidant capacity
(TAC) in different groups. Data are expressed as
mean + SEM, n=8. **P<0.01 compared to the control
group, T1P<0.01 compared to the P group. The
analysis of data was done by one-way ANOVA
followed by LSD test.

SOD activity

Figure 3 showed that, SOD was significantly
decreased in the P group compared to the
controls (4.23 £ 0.29 vs. 6.17 = 0.44 U/mg
protein, P<0.01) (Fig. 3). Compared to the
control and hypothyroid groups, administration
of apelin and T4 alone or a combination of both
could significantly increase the SOD activity in
the P+A, P+T and P+A+T groups, respectively
(7.33 £ 0.62, 8.06 + 0.44, 85 + 0.44 vs. 4.23
0.29 U/mg protein, P<0.01).
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Figure 3- Comparison of superoxide dismutase
(SOD) activity in different groups. Data are expressed
as mean+SEM, n=8. *P<0.05; **P<0.01 compared to
the control group, 11P<0.01 compared to the P group.
The analysis of data was done by one-way ANOVA
followed by LSD test.

Catalase activity

There was observed a significant increasing in
catalase activity in hypothyroid group compared
to the control group (4.19 £ 0.22 vs. 2.51 £ 0.09
U/mg protein, P<0.01) (Fig. 4).
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Figure 4 - Comparison of catalase activity in
different groups.

Data are expressed as meantSEM, n=8. **P<0.01
compared to the control group, T1P<0.01 compared to
the P group. The analysis of data was done by one-
way ANOVA followed by LSD test.

It has no significant difference observed between
all treated groups (P+A, P+T, P+A+T) and
control groups in catalase activity (2.43 + 0.26,
2.07 £ 0.21, 1.96 £ 0.09 vs. 2.51 + 0.09 U/mg
protein, respectively).

Glutathione peroxidase activity (GPx)

There was no showed a significant change in the
glutathione  peroxidase  activity  between
hypothyroid and control groups. Glutathione
peroxidase activity increased in all treated groups
compared with the hypothyroid group (P+A:
68.59 + 2.14, P<0.05, P+T: 69.02 + 2.7, P+A+T:
71.82 £ 3.1 vs. 53.74 £ 9.3 U/mg tissue, P<0.01)

DISCUSSION

This finding for the first time highlights to
evaluate of the therapeutic effects of apelin and
T4 or a combination of both on antioxidant
capacity and lipid peroxidation in PTU-induced
hypothyroid rats. The results of this study
indicated that the therapeutic effect of apelin or
T4 separately or a combination of both decreased
MDA in hypothyroid rats after 14 days of
treatment in cardiac tissue.

Findings about stress oxidative and activity of
antioxidants in hypothyroidism are limited and
controversial. There are some data that show in
patients with hypothyroidism, oxidative stress, is
increased (Lampka et al. 2006; Sarandol et al.
2005), decreased (Venditti et al. 1997) or remain
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unchanged (Coria et al. 2009). In agreement with
the results of the current study, Reddy, et al.
demonstrated that the serum level of MDA and
GPx activity increase in hypothyroid and
subclinical hypothyroid patients (Reddy et al.
2013). Another study showed that lipid
peroxidation increase and an antioxidant level
decrease in blood of hypothyroid patients
(Dumitriu et al. 1988). Moreover, it has been
demonstrated that the MDA content in plasma,
liver and muscle of hypothyroid patients is
increased (Yilmaz et al. 2003). Also, another
finding has shown an increasing of lipid
peroxidation in plasma, liver, heart, and muscle
of PTU-induced hypothyroid rats. In contrast to
the finding of this study, Pereira, et al. showed
that lipid peroxidation is decreased in the rat
lymphoid organ (Pereira et al. 1994).

However, it appears that the difference of finding
of these studies may be due to the length of
disease or experimental design or diffraction of
tissue or animal species.

Atherosclerosis were observed in the long-term
duration of hypothyroidism (Ichiki 2010), it has
been demonstrated that the oxidative stress
contribute to the formation of atherosclerosis
(Mishra and Samanta 2012), therefore, decrease
in lipid peroxidation and increasing in the
antioxidant capacity lead to prevent of
atherosclerosis formation.

This study showed that administration of apelin
could reduce the MDA levels in heart tissue of
PTU-induced hypothyroid rats. In agreement
with the results of this study, Pisarenko, et al. has
reported that apelin administered five minutes
before induction of ischemia of heart could lower
the level of MDA in heart tissue (Pisarenko et al.
2014). Another study reported that the chronic
administration of apelin-13 decreased the lipid
hydroperoxide in the plasma of rats (Foussal et
al. 2010).

Apelin stimulates gene expression and activity of
eNOS and finally due to nitric oxide (NO)
generation (Japp et al. 2008). NO prevent of
oxygen disruption in mitochondria and also lipid
peroxidation (O'Donnell et al. 1997). On the
other hand, it has been reported that in
hypothyroidism the expression of NOS increase
age dependently (Sarati et al. 2012). Moreover a
study showed that after PTU administration,
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eNOS content is increased in the rat aorta
(Grieve et al. 1999). It appeared that apelin and
PTU potentiate their effect on eNOS activity,
afterl4 days of treatment, and decrease the MDA
level that is a criteria for lipid peroxidation.

The finding of this study showed a significant
decreasing in antioxidant enzyme activity, except
catalase activity, which raised, and total
antioxidant capacity in P groups compared to the
control group. There is some contradictory
finding about antioxidant capacity and
hypothyroidism. Das, et al. reported that the
activity of SOD and catalase reduce in the liver
of PTU-induced hypothyroid rats (Das and
Chainy 2001). In addition, it showed that T3
therapy can increase the catalase activity and
decrease the SOD activity in PTU-induced
hypothyroid rats (Das and Chainy 2001).
Another study showed that SOD and catalase
activity in the erythrocytes of thyroidectomized
rats remains unchanged (Araujo et al. 2011). It
has demonstrated that, some of anti-thyroid drugs
such as PTU and methimazol have an antioxidant
property; these drugs decrease the free radical
generation in thyroid cell by reduction cytokine
production (Hicks et al. 1992; Weetman et al.
1992). In this study, oxidative stress has not been
measured. Moreover, it has been reported that in
hypothyroidism, metabolism rate decreases. So,
this may be one of the reasons for increasing of
catalase activity in hypothyroidism.

The present study showed that administration of
apelin per se or combination with T4 could
improve the SOD, and GPx activity and TAC
content after 14 days of treatment, while it could
not affect the catalase activity.

To the best of knowledge, no other study has
examined the effect of apelin alone or in
combination with T4 on antioxidant capacity in
hypothyroidism. There are a few studies about
the role of apelin on antioxidant enzyme activity.
In contrast to the finding of this study, a study
reported that Catalase activity increased after 4
weeks of apelin administration in mice (Foussal
et al. 2010). Moreover, Pisarenko et al. showed
that apelin administration before ischemia in
isolated heart increases the activity of SOD,
catalase and glutathione peroxidase in the rat
cardiac tissue (Pisarenko et al. 2014). Similar to
our results, Zeng et al. illustrated that apelin

increment the activity of SOD after inducing of
hypoxia in rat cardiomyocytes (Zeng et al. 2009).
It appears, in hypothyroidism, apelin therapy per
se or accompanied by T4, had improved effect on
SOD, GPx activity and TAC content. It appears,
that apelin may prevent of the atherosclerosis
formation in the heart tissue of hypothyroid rat
by increment of antioxidant capacity and
lowering the lipid peroxidation.

CONCLUSION

These findings suggest that apelin was able to
improve the oxidant-antioxidant balance in the
heart tissue of the hypothyroid rats and possibly
is able to prevent cardiovascular damage induced
by oxidative stress in those animals.
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