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ABSTRACT

Background: Fish oils (FO) contain the omega-3 fatty acids eicosapentaenoic acid, and docosahexaenoic acid, precursors of certain eicosanoids that
offering multiple health benefits.

Objectives: The current study performed to evaluate the effect of FO administration on hyperlipidemic and hypothyroid albino rats.

Methods: Hyperlipidemia was inducted by adding cholesterol powder, cholic acid and animal lard to the standard diet, while hypothyroidism was
induced by administration of carbimazole. Hyperlipidemic and hypothyroid rats received FO to rats through gastric intubation. Rats divided into five
groups each group contains six rats, and all treatments were performed orally and daily for 6 weeks.

Results: The current results revealed that FO administration was increased significantly thyroid hormones concentrations in the serum of
hyperlipidemic and hypothyroid rats as compared to control rats. However, leptin hormone concentration recorded a significant decrease by in both
groups. Moreover, FO treatment ameliorated significantly the elevated level of lipid parameters in hyperlipidemic rats while treated hypothyroid
rats recorded decreased levels of total lipids and atherogenic index only. Moreover, FO treatment ameliorated the non-enzymatic antioxidant, liver
malondialdehyde and glutathione (GSH) concentration and the enzymatic antioxidant, liver GSH-S-transferase and catalase activities, and also the
cardiac enzymes lactate dehydrogenase and creatine kinase activities in the treated groups.

Conclusion: FO administration showed a beneficial therapeutic effect on hyperlipidemic and hypothyroid albino rats due to the presence of omega-3

fatty acids, which showed hypolipidemic, antioxidant and hyperthyroid action.
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INTRODUCTION

Fish oil (FO) is oil derived from the tissues of oily fish (e.g. tuna) or
from the livers of lean fish (e.g. cod liver) [1]. FO contain omega-3 fatty
acids eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA),
precursors of certain eicosanoids thatare known to reduce inflammation
throughout the body [2]. Two long-chain n-3 polyunsaturated fatty
acids (PUFAs) (EPA and DHA) from FO have been widely recognized
due to their beneficial effects on health, and are considered as essential
supplements in human food [3]. Extensive research has established that
EPA and DHA play a vital role in the prevention of Alzheimer’s disease,
atherosclerosis, heart attack, angina, stroke, congestive heart failure,
depression, and cancer [4].

Furthermore, hyperlipidemia; hypercholesterolemia (HC) and
hypertriglyceridemia, remains a formative burden on the health care
systems of North America [5]. Hyperlipidemiais arisk factor for vascular
diseases such as atherosclerosis and coronary artery diseases [6].
Furthermore, the beneficial effects of omega-3 fatty acids are possibly
secondary to their anti-inflammatory, antithrombotic, hypolipidemic
and vasodilatory properties [7]. The American Heart Association has
acknowledged that EPA and DHA may decrease sudden death, decrease
the rate of atherosclerosis and has recommended FO supplementation
as a therapeutic strategy to reduce cardiovascular disease (CVD) [8].

Hypothyroidismis associated with cardiovascular risk factors, subclinical
CVD, and overt CVD, all of which predispose to atrial fibrillation [9]. N-3
PUFAs present in FO potently decrease serum lipids, which is also has
the effect of thyroid hormones (TH). Both PUFAs and TH affect hepatic
lipid metabolism. Therefore, long-term diet rich in n-3 PUFAs would
enhance TH action in the liver [10]. In addition, n-3 fatty acids are

known to exert multiple beneficial effects including anti-inflammatory
actions that may diminish oxidative stress [11]. According to the several
beneficial effects of omega 3 fatty acids, the main objective of the current
study was to evaluate the effect of FO on various biochemical parameters
in hyperlipidemia and hypothyroid rats.

METHODS

Experimental animals

White male albino rats (Rattusnorvegicus) weighing between 100 g and
120 g were used as experimental animals in the present investigation.
They were obtained from the animal house of National Research
Institute, El-Giza, Egypt. They were kept under observation for about
15 days before the onset of the experiment to exclude any intercurrent
infection. The chosen animals were housed in metal (stainless steel)
separate bottom cages at normal atmospheric temperature (25+5°C)
as well as under good ventilation and received water and standard
balanced diet. All the procedures were performed in accordance with
the Institutional Animal Ethics Committee in Beni-Suef University
recommendations.

Hyperlipidemic and hypothyroidism agents

Cholesterol used as a hyper-cholesterolemic agent, was purchased from
Oxford Laboratory (India), cholic acid sodium salt was purchased from
Fluka - Biochemical, (Switzerland) and animal lard was purchased from a
market in El-Giza. Otherwise, carbimazole used as hypothyroidismic
agent, was purchased from Chemical Industries Development (Egypt).

FO dosage
FO capsules contain 1000 mg FO (13% EPA and 9% DHA) manufactured
by SEDICO for pharmaceuticals (Egypt). Hyperlipidemic and
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hypothyroid rats received FO in a dose of 0.5 ml/kg b.wt./day [12] to
rats through gastric intubation for 6 weeks.

Induction of hyperlipidemia and hypothyroidism

Hyperlipidemia was induced by addition of cholesterol powder, cholic
acid and animal lard to the standard diet in percentage of 1%, 0.5%
and 5% respectively [13], to rats for about 45 days. On the other hand,
hypothyroidism was induced by injection of 30 mg of carbimazole /kg
b.wt./day [14] to rats through gastric intubation for 6 weeks.

Animal grouping

There are five groups each group contains six rats:

e Group 1 was regarded as control group and given distilled water by
gastric intubation for 6 weeks

e Group 2 was regarded as hyperlipidemic group and given
hyperlipidemic agents for 6 weeks

e Group 3 was regarded as hyperlipidemic group treated with FO by
gastric intubation for 6 weeks

e Group 4 was regarded as hypothyroid group and given hypothyroid
induced agent for 6 weeks

e Group 5 was regarded as hypothyroid group treated with FO by
gastric intubation for 6 weeks.

All treatments were performed orally and daily between 8.00 a.m. and
10.00 a.m.

Biochemical studies
Serum TH determination

The quantitative determination of free triiodothyronine and
tetraiodothyronine was estimated according to the procedure of [15]
using Kits purchased from Siemens Healthcare Diagnostics.

Serum leptin hormone concentration

Leptin hormone concentration was determined according to the
procedure of enzyme-linked immunosorbent assay kit [16] using kits
purchased from RayBiotech, Inc. (USA).

Serum lipid profile determination

Lipid profile parameters were estimated according to; serum total
lipids [17], total cholesterol (Tc) [18], triglycerides (TG) [19] and
high-density lipoprotein (HDL)-cholesterol [20] by kits purchased
from bio-diagnostic, Egypt. In addition, low-density lipoprotein (LDL)-
cholesterol was calculated according to the formula [21]. Furthermore,
serum very LDL (VLDL) was determined according to formula [22].
While, the atherogenic index was calculated according to formula [23].

Serum cardiac enzymes determination

Lactate dehydrogenase (LDH) activity was determined according to the
procedure [24]. While, creatine kinase-NAC (CK) activity was estimated
according to the procedure [25] using reagent kits purchased from
Centronic GmbH, Germany.

Oxidative stress on liver tissue

Liver lipid peroxidation malondialdehyde (MAD) content was
determined according to the procedure [26] and liver glutathione
concentration (GSH) was estimated according to the procedure [27].
Moreover, liver GSH-S-transferase activity (GST) was determined
according to the procedure [28] while, liver catalase activity (CAT)
was determined according to the procedure [29], using reagent kits
purchased from bio-diagnostic, Egypt.

Statistical analysis of the results

The Statistical Package for the Social Sciences (IBM SPSS for WINDOWS
7, version 20; SPSS Inc, Chicago) was used for the statistical analysis.
Comparative analysis was conducted by using the general linear models
procedure (IBM SPSS). p>0.05 were considered statistically non-
significant, while p<0.05 were considered statistically significant.
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RESULTS

Serum TH

The present study elucidated a significant decrease in TH (free T3 and
free T4) concentrations in serum of hyperlipidemic and hypothyroid rats
as compared to control rats. However, the treatment with FO induced
significant improvement in both groups as shown in Figs. 1 and 2.

Serum leptin hormone concentration

The serum leptin concentration was significantly increased in the
hyperlipidemic, and hypothyroid rats compared to control rats while it
improved significantly after FO administration as shown in Fig. 3.

Serum lipid profile
Our data showed that Tc, LDL-cholesterol, TG, VLDL-cholesterol,
total lipids and atherogenic index were significantly increased as

Free T3
4 4
b ¢ b
3.5 a b
34 X
a
25 -
88
8‘2 24 u Hyperlipidemia groups
1.5 4 Hypothyroid groups
14
0 + . v 1l
Control Hyperlipidemic Treated
and Hypothyroid

Fig. 1: The effect of fish oil administration on serum free T3
concentration in hyperlipidemic and hypothyroid rats
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Fig. 2: The effect of fish oil administration on serum Free T4
concentration in hyperlipidemic and hypothyroid rats
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Fig. 3: The effect of fish oil administration on
serum leptin concentration in hyperlipidemic and hypothyroid rats
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compared to control rats. However, HDL-cholesterol was significantly
decreased in hyperlipidemic rats as compared with control rats. On
the other hand, the hypothyroid rats exhibited a significant increase
in Tc, LDL-cholesterol, total lipids and atherogenic index but HDL-
cholesterol was significantly decrease and non- significant change in
TG and VLDL-cholesterol were showed as compared to control rats.
After FO administration, the hyperlipidemic rats showed a significant
improvement in Tc, LDL-cholesterol, VLDL-cholesterol, total lipids
and atherogenic index as compared with control rats. Otherwise, the
hypothyroid rats recorded, HDL and the atherogenic index only as
shown in Tables 1 and 2.

Serum cardiac enzymes

The cardiac enzymes (LDH and CK) activities were significantly
increased in the serum of hyperlipidemia and hypothyroid rats as
compared to control rats, however after FO supplementation the
activities of these enzymes were improved significantly as compared to
control rats as shown in Figs. 4 and 5.

Hepatic oxidative stress

Non-enzymatic antioxidant (MAD and GSH) were significantly increased
in their contents while, the enzymatic antioxidants (GST and CAT) were
decreased its activities in the hepatic tissue of hyperlipidemic rats
as compared to control rats. On the other hand, the hypothyroid rats
showed a significant decrease in GSH content and GST activity and non-
significant change in MDA and CAT in hepatic tissue were observed
as compared to control. The FO administration caused significant
amelioration in the enzymatic and non enzymatic antioxidant in the
both groups as shown in Tables 3 and 4.

Table 1: The serum concentration of lipid profiles of control,
hyperlipidemic and hyperlipidemic treated rats with FO

Group Control Hyperlipidemic Treated LSD
Tc(mg/dl)  63.0842.95* 124.83+8.49° 764 61.75
HDL (mg/dl) 21.39+2.18° 8.20+0.29° 16.57+0.07°* 4.80

LDL (mg/dl) 40.45+1.50° 111.53+3.36" 46.13+3.46* 71.08
TG (mg/dl) 48.33+0.88° 95.5+4.32°¢ 65.33+1.80* 17.00
VLDL (mg/dl) 9.67+0.18% 19.45+0.79¢ 16.4+1.36° 3.48
Total lipids ~ 465.67+10.81* 961+17.58¢ 797.67+23.26° 332
(mg/dl)

Atherogenic 2.79+0.68? 14.41+1.36¢ 6.28+0.89" 3.4
index

Values significantly different to control at (p<0.05), Data are expressed as
mean+SE, Values which share the same superscript symbol are not significantly
different, F-Probability: p<0.05, SE: Standard error, LSD: Least significant
difference, HDL: High density lipoprotein, LDL: Low density lipoprotein,

VLDL: Very low density lipoprotein, Tc: Total cholesterol, TG: Triglycerides,

FO: Fish oil

Table 2: The serum concentration of lipids profiles of control,
hypothyroid and hypothyroid treated rats with FO

Control
63.08+2.95°

Group
Tc (mg/dl)

Hypothyroid Treated LSD
83.17£3.76"  74.33x3.77° 11.25

HDL (mg/dl) 21.39+£2.18> 14.69+0.32*  25.45+2.01> 6.70
LDL (mg/dl) 40.45+£1.50° 62.33+2.37° 54.37+4.68" 13.91
TG (mg/dl)  48.33x0.88* 54.33%x2.19° 51.63%¥2.42* 6.00
VLDL (mg/dl) 9.67+0.18% 10.87+0.44*  10.33+0.48* 1.2
Total lipids ~ 465.67+10.81* 595.33+20.34" 449.67+21.37* 129.67
(mg/dI)

Atherogenic  2.79+0.68? 4.69+0.34" 2.03+0.30° 1.90
index

Values significantly different to control at (p<0.05), Data are expressed as
mean+SE, Values which share the same superscript symbol are not significantly
different, F-Probability: p<0.05, SE: Standard error, LSD: Least significant
difference, HDL: High density lipoprotein, LDL: Low density lipoprotein,

VLDL: Very low density lipoprotein, TC: Total cholesterol, TG: Triglycerides,

FO: Fish oil
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DISCUSSION

Marine omega-3 PUFAs are essential fatty acids offering multiple
health benefits. FO and flaxseed oil are among few dietary sources of
these fatty acids [30]. Also, a number of studies showed the efficacy of
omega-3 fatty acids in the metabolic syndrome-related conditions [31].

This study shows a significant decrease in free T3 and free T4 hormones
concentrations in the serum of hyperlipidemic rats as compared to
control rats. The decrement in TH concentrations may be due to a
significant reverse relationship between TH and fat level and increase
in fat and its residue in liver results in the dysfunction of liver [32].
The hyperlipidemic rats treated with FO in the current study showed
significant improvement in TH (free T3 and free T4) level as compared
to control rats, which was agree with that of [33].

Moreover, the hypothyroid group, in the current study, showed a
significant decrease of free T, and free T, concentrations as compared
to control rats. Our data revealed that the hypothyroid rats treated with
FO showed a significant improvement in free T, and free T, hormones.
The recorded result was supported by the finding [34] who reported
that thyroid peroxidase activity might, therefore, be stimulated by the
consumption of polyunsaturated n-3 USFAs. In addition, stimulating
effects of n-3 USFAs have also been observed for other elements
of hypothalamic-pituitary-thyroidal axis activity [35]. These data
indicated that FO administration could improve the TH action and
concentrations of both hyperlipidemic and hypothyroid rats.

Leptin hormone identified and cloned in 1994, is synthesized and
secreted specifically from white adipose cells [36]. Leptin has a variety
of important central and peripheral actions to regulate energy balance
and metabolism, fertility, and bone metabolism that are mediated
by specific cell surface leptin receptors [37]. The current study
showed a significant elevation in leptin hormone level in the serum of
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Fig. 4: The effect of fish oil administration on serum
lactate dehydrogenase activity in hyperlipidemic and

hypothyroid rats
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Fig. 5: The effect of fish oil administration on
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Table 3: Hepatic lipid peroxidation (MAD), GSH and GST
concentrations and CAT activity of control, hyperlipidemic and
hyperlipidemic treated rats with fish oil.

Group Control

MAD 25.60+3.50° 42.02+1.08°
(nmol/g. tissue)

GSH (mg/g.tissue) 5.08+0.18* 9.25+0.38°
GST (u/g.tissue)  8.91+0.06° 3.74+0.36° 4.85+0.18"> 4.05
CAT (u/gtissue)  1.98+0.01°> 1.91+0.022 1.96+0.01> 0.07

Values significantly different to control at (p<0.05), Data are expressed

as mean+SE, Values which share the same superscript symbol are not
significantly different, F-probability: p<0.05, SD: Standard deviation,

LSD: Least significant difference, MAD: Malondialdehyde, GSH: Glutathione,
GST: Glutathione-s-transferase, CAT: Catalase

Hperlipidemic Treated LSD
28.88+1.76* 16.47

7.22+0.34> 2.13

Table 4: Hepatic lipid peroxidation (MAD) ,GSH and GST
concentrations and CAT activity of control, hypothyroid and
hypothyroid treated rats with fish oil.

Group Control Hypothyroid Treated LSD

MAD (nmol/g.tissue) 25.60+£3.50* 21.51+2.08* 19.85+1.94* -
GSH (mg/gtissue)  5.08+0.18"> 3.53+0.24* 5.02+0.28" 1.5
GST (u/g.tissue) 8.91+0.06"* 8.59+0.09°  8.83+0.07° 0.32
Catalase (u/g.tissue) 1.98+0.01° 1.96+0.02* 1.95£0.02* -

Values significantly different to control at (p<0.05), Data are expressed

as mean+SE, Values which share the same superscript symbol are not
significantly different, F-probability: p<0.05, SD: Standard deviation,

LSD: Least significant difference, MAD: Malondialdehyde, GSH: Glutathione,
GST: Glutathione-s-transferase, CAT: Catalase

hyperlipidemic rats as compared with control rats and this result was
an agreement with the data recorded [38]. Moreover, the hypothyroid
rats were recorded significant elevation in leptin level as compared
with control rats which in parallel with that of [32]. Furthermore, leptin
levels correlate with body fat content [39] and the increase of fat cells in
number and in size is coupled with an increase in leptin secretion [40]
and this may be the reason of leptin level elevation. In addition, there is
a direct relationship between the amount of lipids and leptin hormone
concentration [41]. The hyperlipidemic and hypothyroid treated rats,
in the present investigation, were shown improvement of leptin levels
as result of FO administration, which contain n-3 PUFAS. These data are
supported with the finding of [42]. These results may be due to that
omega-3 PUFA can down regulate leptin in association with reduced
adiposity or up regulate its level in association with increased adiposity
[43]. The decreasing level of leptin in hypothyriod treated rats, which
treated by FO may be due to there is a direct negative relationship
between the level of fatand leptin, and also there is a significant negative
relationship between T3 and leptin [32] and the good relationship
between fat, leptin and TH [44]. Therefore, it may be speculated that
stimulation of peroxisome proliferator-activated receptor (PPARY) is
one of the mechanisms by which omega-3 PUFA mediate their insulin
sensitizing, lipid lowering, and antiinflammatory properties [42].

High blood cholesterol (hypercholesterolaemia) is a risk factor for
both fatal and non-fatal CVD events in people with and without a
past CVD, and lowering cholesterol, in particular LDL cholesterol, is
an important target for pharmacotherapy [45]. The present results
elucidated a significant increase in Tc, total lipids, TG, LDL-cholesterol,
VLDL-cholesterol concentrations and atherogenic index in the serum of
hyperlipidemic rats as compared to control rats. This result runs parallel
with the data of [46]. However, HDL-cholesterol concentration showed
a significant decrease in the serum of hyperlipidemic rats compared to
control rats which are in accordance with that of [47]. However, after
FO administration the lipid profile in hyperlipidemic treated group
showed significant improvement of Tc, LDL-cholesterol, TG, VLDL-
cholesterol and total lipids concentrations which are in agreement
with the study of [30]. In addition, FO showed a hypolipidemic effect
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and act predominantly through the modulation of the transcription of
hepatic metabolism genes [48]. The hypolipidemic effect of FO has been
explained via PPAR-a [49] and other hepatic transcriptional factors
such as sterol regulatory element-binding protein [50] and retinoic X
receptor [51].

On the other hand, the results of lipid profile in hypothyroid group
exhibited a significant increase of T, total lipids, LDL-cholesterol levels
and atherogenic index in the serum of hypothyroid rats as compared
to control rats. These results are agreed with the investigation of [52].
This may be due to the decreased LDL-receptors activity, resulting in
decreased catabolism of LDL [53]. Moreover, TH are potent modulators
of lipid metabolism [54], and hypothyroidism is associated with higher
serum lipids [55]. On the other hand, treatment of hypothyroid rats
with FO showed an amelioration of total lipids concentrations and HDL-
cholesterol and atherogenic index, but non-significant effect on Tc, LDL-
cholesterol, triglycerides and VLDL-cholesterol concentrations was
recorded. Furthermore, [56] reported that most of the hypolipidemic
effects of TH are due to their action in the liver via the TH receptor
(TR). Moreover, the interaction of triiodothyronine (T3) with TR
promotes the recruitment of cofactors, resulting in regulation of the
transcriptional activity of genes encoding key enzymes, and other
factors, involved in lipid metabolism. Otherwise, many studies have
shown a clear link between hypothyroidism and HC mediated through
decreased production of the LDL cholesterol receptor [57].

Cardiac marker enzymes are measured to evaluate the heart function.
The diagnosis of acute myocardial infarction can be achieved by
electrocardiogram changes and elevation of cardiac marker enzymes
like CK, LDH [58]. The current study showed that a significant elevation
in serum LDH and CK activities of the hyperlipidemic rats as compared
with control rats, which are agree with that of [59]. The activities of these
enzymes after FO administration were improved significantly, which
are an agreement with that of [60]. The author attributed the effects
of FO treatment to the hypolipidemic action. Furthermore, the cardiac
marker enzymes (LDH and CK) in the hypothyroid group were increased
significantly as compared with control rats, which are an agreement with
that [61]. These enzymes (LDH and CK) showed a negative correlation
with T3 and T4 levels [62]. Hence, our results in the hypothyroid treated
rats with FO observed that serum LDH and CK activities were decreased
by FO administration and this result may be due to the improvement of
thyroid function and the hypolipidemic effect of FO.

Antioxidants are substances that either directly or indirectly protects
cells against adverse effects of xenobiotics, drugs, carcinogens and toxic
radical reactions [63]. Oxidative stress contributes to the development
of atherosclerosis in the vascular wall through the formation of reactive
oxygen species (ROS) [64]. This study in liver tissue of hyperlipidemic
rats recorded a significant increase in GSH reduced content GSH and
lipid peroxidation (MDA) level, and a significant decrease in GST
and CAT activities, which were agreement with the finding of [65].
Concerning the present study, the hepatic GSH and CAT activities
and hepatic GST and lipid peroxidation contents were ameliorated
significantly after FO administration in the hyperlipidemic treated rats.
The improvement in hepatic oxidative stress after FO administration
may be due the hepatoprotective effect of omega 3 fatty acids, which
found in FO [30]. In addition, [66] reported that Omega-3 fatty acid
supplementation leads to a significantly lower level of MDA compared
to the control group, which had good clinically relevant aspects. The
authors suggested that mechanisms for the decrease in MDA may
relate to the assembly of omega-3 fatty acids in membrane lipids and
lipoproteins making the double bonds less available for free radical
attack, inhibition of the pro-oxidant enzyme phospholipase A2 and
stimulation of anti-oxidant enzymes. In this regard, [67] reported
that omega-3 fatty acids up regulate gene expressions of antioxidant
enzymes and down regulate genes associated with production of ROS.

On the other hand, the hypothyroid rats in the current study showed
a significant decrease of hepatic GSH activity and GST concentration
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while, non-significant change of hepatic CAT activity and lipid
peroxidation content were recorded as compared to control rats. These
data are in parallel with that [68]. Furthermore, there is no statistically
significant difference found between hypothyroid and control groups in
the lipid peroxidation indicator MDA [69]. The present study showed
that omega 3 fatty acids in FO induced hepatoprotective effect against
oxidative stress, which may be due to its hypolipidemic, hyperthyroid
and anti-oxidative effects.

CONCLUSION

The above results confirmed the benefit therapeutic effect of FO
administration on hyperlipidemic and hypothyroid albino rats due
to the presence of omega-3 fatty acids, which showed hypolipidemic,
antioxidant and hyperthyroid effects. Additionally, the results
elucidated a positive relationship between the hypothyroidism and
hyperlipidemia.

ACKNOWLEDGMENTS

We are grateful to the staff members of Biochemistry and Zoology
Departments, Faculty of Science, Beni Suef University, for providing
facilities to carry out this research work.

REFERENCES

1. Calder PC. Omega-3 polyunsaturated fatty acids and inflammatory
processes: Nutrition or pharmacology? Br J Clin Pharmacol
2014;75(3):645-62.

2. Lenihan-Geels G, Bishop KS, Ferguson LR. Alternative sources of
omega-3 fats: Can we find a sustainable substitute for fish? Nutrients
2013;5(4):1301-15.

3. Moghadasian MH. Advances in dietary enrichment with n-3 fatty acids.
Crit Rev Food Sci Nutr 2008;48(5):402-10.

4. Virtanen JK, Mursu J, Voutilainen S, Tuomainen TP. Serum long-chain
n-3 polyunsaturated fatty acids and risk of hospital diagnosis of atrial
fibrillation in men. Circulation 2009;120:2315-21.

5. Ervin RB. Prevalence of metabolic syndrome among adults 20 years
of age and over, by sex, age, race and ethnicity, and body mass index:
United States, 2003-2006. Nat Health Stat Report 2009;5(13):1-8.

6. Lai J, Wu B, Xuan T, Liu Z, Chen J. Efficacy and tolerability of
adding coenzyme A 400 U/d capsule to stable statin therapy for the
treatment of patients with mixed dyslipidemia: An 8-week, multicenter,
double-blind, randomized, placebo-controlled study. Lipids Health Dis
2014;13:1.

7. Bernstein AM, Ding EL, Willett WC, Rimm EB. A meta-analysis shows
that docosahexaenoic acid from algal oil reduces serum triglycerides
and increases HDL-cholesterol and LDL-cholesterol in persons without
coronary heart disease. J Nutr 2012;142(1):99-104.

8. Kris-Etherton PM, Harris WS, Appel LJ, American Heart Association.
Nutrition Committee. Fish consumption, fish oil, omega-3 fatty acids,
and cardiovascular disease. Circulation 2002;106(21):2747-57.

9. Kim EJ, Lyass A, Wang N, Massaro JM, Fox CS, Benjamin EJ, et al.
Relation of hypothyroidism and incident atrial fibrillation (from the
Framingham Heart Study). Am Heart J 2014;167(1):123-6.

10. Souza LL, Nunes MO, Paula GS, Cordeiro A, Penha-Pinto V, Neto JF,
et al. Effects of dietary fish oil on thyroid hormone signaling in the
liver. J Nutr Biochem 2010;21(10):935-40.

11. McAnulty SR, Nieman DC, Fox-Rabinovich M, Duran V, McAnulty LS,
Henson DA, et al. Effect of n-3 fatty acids and antioxidants on oxidative
stress after exercise. Med Sci Sports Exerc 2010;42(9):1704-11.

12. Chitra S, Semmalar R, Shyamala Devi CS. Effect of fish oil on
cigarette smoking induced dyslipidemia in rats. Indian J Pharmacol
2000;32:114-9.

13. Minhajuddin M, Beg ZH, Igbal J. Hypolipidemic and antioxidant
properties of tocotrienol rich fraction isolated from rice bran oil in
experimentally induced hyperlipidemic rats. Food Chem Toxicol
2005;43(5):747-53.

14. Abdelatif AM, Saeed IH. Effect of altered thyroid status in the domestic
rabbit (Lepus Cuniculus) on thermoregulation, heart rate and immune
response. Glob Vet 2009;3(6):447-56.

15. Fernandez-Ulloa M, Maxon HR. Thyroid. In: Kaplan LA, Pesce AJ,
editors. Clinical Chemistry: Theory, Analysis, and Correlation. 2™ ed.
St. Louis: CV Mosby; 1989. p. 620-38.

16. Maffei M, Halaas J, Ravussin E, Pratley R, Lee G, Zhang Y, et al. Leptin

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Asian ] Pharm Clin Res, Vol 8, Issue 4, 2015, 324-329

levels in human and rodent: Measurement of plasma leptin and ob RNA
in obese and weight reduced subjects. Nat Med 1995;1(11):1155-61.
Zollner N, Kirsch K. Serum total lipids determination colorimetrically.
Z Ges Exp Meal 1970;1335:5.

Allain CC, Poon LS, Chan CS, Richmond W, Fu PC.
Enzymatic determination of total serum cholesterol. Clin Chem
1974;20(4):470-5.

Fossati P, Prencipe L. Serum triglycerides determined colorimetrically
with an enzyme that produces hydrogen peroxide. Clin Chem
1982;28(10):2077-80.

Lopes-Virella MF, Stone P, Ellis S, Colwell JA. Cholesterol
determination in high-density lipoproteins separated by three different
methods. Clin Chem 1977;23(5):882-4.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972;18(6):499-502.
Norbert WT. Clinical Guide to Laboratory Tests. 3™ ed. Philadilphia:
W. B. Saunders Company; 1995.

Harnafi H, Hana SC, Nour el Houda B, Mohammed A,
Souliman A. Hypolipemic activity of polyphenol-rich extracts from
ocimumbasilicum in Triton WR-1339-induced hyperlipidemic mice.
Food Chem 2008;108:205-12.

WeiBhaar D, Grossau E, Faderal B. Normal ranges of alpha- HBDH,
LDH, AP and LAP as measured with substrate-optimated test charges.
Med Welt 1975;26:387-92.

Chemnitz G, Schmidt E, Koller PU, Busch EW. Creatine kinase:
Reference values and clinical aspects of the revised standard method
(author’s transl). Dtsch Med Wochenschr 1979;104(7):257-60.

Satoh K. Serum lipid peroxide in cerebrovascular disorders determined
by a new colorimetric method. Clin Chim Acta 1978;90(1):37-43.
Beutler E, Duron O, Kelly BM. Improved method for the determination
of blood glutathione. J Lab Clin Med 1963;61:882-8.

Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferases. The
first enzymatic step in mercapturic acid formation. J Biol Chem
1974;249(22):7130-9.

Fossati P, Prencipe L, Berti G. Use of 3,5-dichloro-2-
hydroxybenzenesulfonic acid/4-aminophenazone chromogenic system
in direct enzymic assay of uric acid in serum and urine. Clin Chem
1980;26(2):227-31.

Chavan T, Khadke S, Harke S, Ghadge A, Karandikar M, Pandit V,
et al. Hepatoprotective effect of polyunsaturated fatty acids against
repeated subacute acetaminophen dosing in rats, Int J Pharm Bio Sci
2013;4(2):286-95.

Shearer GC, Pottala JV, Hansen SN, Brandenburg V, Harris WS. Effects
of prescription niacin and omega-3 fatty acids on lipids and vascular
function in metabolic syndrome: A randomized controlled trial. J Lipid
Res 2012;53(11):2429-35.

Zarei A, Ashtiyani SC, Sokhandani M, Rezaei A, Zaheiri S, Taheri S.
Comparison between the effects of the alcholic extract of Mellissia
officinalis and atorvastatin on serum levels of thyroid hormones in
hypercholesterolemic male rats. Zahedan J Res Med Sci (ZJRMS)
2013;15(8):6-12.

Ashtiyani SC, Zarei A, Taheri S, Rasekh F, Ramazani M. The effects of
portulacaoleracea alcoholic extract on induced hypercholesteroleomia
in rats. Zahedan J Res Med Sci (ZJRMS) 2013;15(6):34-9.

Lachowicz K, Koszela-Piotrowska I, Rosotowska-Huszcz D. Thyroid
hormone metabolism may depend on dietary fat. J] Anim Feed Sci
2008;17:110-9.

Puskas LG, Kitajka K, Nyakas C, Barcelo-Coblijn G, Farkas T. Short-
term administration of omega 3 fatty acids from fish oil results in
increased transthyretin transcription in old rat hippocampus. Proc Natl
Acad Sci U S A 2003;100(4):1580-5.

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM.
Positional cloning of the mouse obese gene and its human homologue.
Nature 1994;372:425-32.

Al-Azzam SI, Alkhateeb AM, Alzoubi KH, Alzayadeen RN,
Ababneh MA, Khabour OF. Atorvastatin treatment modulates the
interaction between leptin and adiponectin, and the clinical parameters
in patients with type II diabetes. Exp Ther Med 2013;6(6):1565-569.
Nadeem S, Raj C, Raj N. The influence of alpiniacalcarata extract on
the serum lipid and leptin levels of rats with hyperlipidemia induced by
high-fat diet. Asian Pac J Trop Biomed 2012;2(3):S1822-6.

Meier C, Trittibach P, Guglielmetti M, Staub JJ, Miiller B. Serum thyroid
stimulating hormone in assessment of severity of tissue hypothyroidism
in patients with overt primary thyroid failure: cross sectional survey.
BM1J 2003;326(7384):311-2.

Song YB, An YR, Kim SJ, Park HW, Jung JW, Kyung JS, et al. Lipid

328



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Abdel-Moneim et al.

324-329

metabolic effect of Korean red ginseng extract in mice fed on a high-fat
diet. J Sci Food Agric 2012;92(2):388-96.

Zarei A, Changizi Ashtiyani S, Taheri S, Rasekh F. Comparison
between effects of different doses of Melissa officinalis and atorvastatin
on the activity of liver enzymes in hypercholesterolemia rats. Avicenna
J Phytomed 2014;4(1):15-23.

Mostowik M, Gajos G, Zalewski J, Nessler J, Undas A. Omega-3
polyunsaturated fatty acids increase plasma adiponectin to leptin
ratio in stable coronary artery disease. Cardiovasc Drugs Ther
2013;27(4):289-95.

Puglisi MJ, Hasty AH, Saraswathi V. The role of adipose tissue in
mediating the beneficial effects of dietary fish oil. J Nutr Biochem
2011;22(2):101-8.

Pourjafar M, Mohebbi A, Nazifi S, Tarakeme S. In vitro study of effect
of high-fat diet on serum leptin and thyroid hormone levels in mice.
Persian J Shaheed Sadoughi Univ Med Sci 2010;18(5):428-43.

Taylor F, Huffman MD, Macedo AF, Moore TH, Burke M, Davey
Smith G, et al. Statins for the primary prevention of cardiovascular
disease. Cochrane Database Syst Rev 2013;1:CD004816.

Bhardwaj M, Kumar A, Tripathi S, Kumar S. Commiphorawightii
down regulates HMG COA reductase in hyperlipidemic rats. Int J Biol
Pharm Res 2013;4(6):441-7.

Durkar AM, Patil RR, Naik SR. Hypolipidemic and antioxidant activity
of ethanolic extract of symplocos racemosa Roxb. in hyperlipidemic
rats: an evidence of participation of oxidative stress in hyperlipidemia.
Indian J Exp Biol 2014;52(1):36-45.

Jump DB, Botolin D, Wang Y, Xu J, Demeure O, Christian B.
Docosahexaenoic acid (DHA) and hepatic gene transcription. Chem
Phys Lipids 2008;153(1):3-13.

Sugiyama E, Ishikawa Y, Li Y, Kagai T, Nobayashi M, Tanaka N, ef al.
Eicosapentaenoic acid lowers plasma and liver cholesterol levels in the
presence of peroxisome proliferators-activated receptor alpha. Life Sci
2008;83(1-2):19-28.

Yahagi N, Shimano H, Hasty AH, Amemiya-Kudo M, Okazaki H,
Tamura Y, et al. A crucial role of sterol regulatory element-
binding protein-1 in the regulation of lipogenic gene expression by
polyunsaturated fatty acids. J Biol Chem 1999;274(50):35840-4.
Suzuki K, Takahashi K, Nishimaki-Mogami T, Kagechika H,
Yamamoto M, Itabe H. Docosahexaenoic acid induces adipose
differentiation-related protein through activation of retinoid x
receptor in human choriocarcinoma BeWo cells. Biol Pharm Bull
2009;32(7):1177-82.

Kumar AN. The effect of L-Thyroxine on metabolic parameters
in newly diagnosed primary hypothyroidism. Clin Exp Pharmacol
2013;3(3):128.

Rizos CV, Elisaf MS, Liberopoulos EN. Effects of thyroid dysfunction
on lipid profile. Open Cardiovasc Med J 2011;5:76-84.

Hashimoto K, Cohen RN, Yamada M, Markan KR, Monden T, Satoh T,
et al. Cross-talk between thyroid hormonereceptor and liver X receptor
regulatory pathways is revealed in a thyroidhormone resistance mouse

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Asian ] Pharm Clin Res, Vol 8, Issue 4, 2015,

model. J Biol Chem 2006;281:295-302.

Erem C, Deger O, Bostan M, Orem A, Sonmez M, Ulusoy S, ef al.
Plasma lipoprotein (a) concentrations in hypothyroid, euthyroid and
hyperthyroid subjects. Acta Cardiol 1999;54:77-81.

Araki O, Ying H, Zhu XG, Willingham MC, Cheng SY. Distinct
dysregulation of lipid metabolism by unliganded thyroid hormone
receptor isoforms. Mol Endocrinol 2009;23(3):308-15.

Feld S, Dickey RA. An Association Between Varying Degrees of
Hypothyroidism and Hypercholesterolemia in Women: The Thyroid-
Cholesterol Connection. Prev Cardiol 2001;4(4):179-82.

Prabodh V, Prakash D, Sudhakar G, Reddy Y, Chowdary N, Desai S,
et al. Importance of cardiac marker enzymes (Aspartate transaminase
and troponin I) in acute myocardial infarction: A case-control study
from South India. Int J Med Sci Public Health 2012;1(2):118-20.
Prabha SP, Ansil PN, Nitha A, Wills PJ, Latha MS. Anti-atherogenic
activity of methanolic extract of gardenia gummiferalinn.f. on
high fat diet induced atherosclerosis in rats. Int J Pharm Pharmsci
2013;5(2):388-93.

Vijaya Padma V, Shyamala Devi CS, Ramkumar KM. Effect of fish
oil pretreatment on isoproterenol-induced changes in myocardial
membrane phospholipids. Nutrition 2006;22(11-12):1171-6.
McGrowder DA, Fraser YP, Gordon L, Crawford TV, Rawlins JM.
Serum creatine kinase and lactate dehydrogenase activities in patients
with thyroid disorders. Niger J Clin Pract 2011;14:454-9.

Mushtaq S, Tilak MA, Rashid MR, Shinde SA, Phalak PJ. Biochemical
evaluation of myopathy in patients of hypothyroidism. Indian J Basic
Appl Med Res 2014;3(2):364-72.

Kamesh V, Sumathi T. Effect of bacopamonnieralinn. In attenuating
hepatic oxidative stress in hypercholesterolemic induced rats. Asian J
Pharm Clin Res 2012;5(3):90-5.

Shi W, Haberland ME, Jien ML, Shih DM, Lusis AJ. Endothelial
responses to oxidized lipoproteins determine genetic susceptibility to
atherosclerosis in mice. Circulation 2000;102(1):75-81.

Hong JH, Lee IS. Effects of Artemisia capillaris ethyl acetate fraction
on oxidative stress and antioxidant enzyme in high-fat diet induced
obese mice. Chem Biol Interact 2009;179(2-3):88-93.

Mori TA, Woodman RJ, Burke V, Puddey IB, Croft KD, Beilin LJ.
Effect of eicosapentaenoic acid and docosahexaenoic acid on oxidative
stress and inflammatory markers in treated-hypertensive type 2 diabetic
subjects. Free Radic Biol Med 2003;35(7):772-81.

Takahashi M, Tsuboyama-Kasaoka N, Nakatani T, Ishii M, Tsutsumi S,
Aburatani H, er al. Fish oil feeding alters liver gene expressions to
defend against PPARalpha activation and ROS production. Am J
Physiol Gastrointest Liver Physiol 2002;282(2):G338-48.

Dariyerli N, Toplan S, Akyolcu MC, Hatemi H, Yigit G. Erythrocyte
osmotic fragility and oxidative stress in experimental hypothyroidism.
Endocrine 2004;25(1):1-5.

Petrulea MS, Duncea I, Hazi G, Dragotoiu G, Decea N, Muresan A.
Oxidative stress in experimental hypothyroidism: Effect of vitamin E
supplementation. Clujul Med 2010;84(2):245-9.

329




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


