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Thyroid hormones are important in regulating cardiac function and cardiovascular hemodynamic. Caffeic acid phenethyl ester 
(CAPE) is an active component of honeybee propolis extracts and has been used in folk medicine for many years.

Design
The aim of this study was to investigate the effects of caffeic acid phenethyl ester on may be endothelial dysfunction in rats with 

experimentally induced hyperthyroidism. This study is the first examining the effects of caffeic acid on these parameters. 
Material and Method
We used fifty male Wistar albino rats in this study. The experimental animals were divided into five groups. The first group was 

control group. The second group was placebo group. The third group received L-tiroxine, the fourth group received caffeic acid and 
the fifth group received both caffeic acid and L-tiroxine. Plasma freeT3, freeT4, total cholesterol, HDL cholesterol and triglyceride 
levels were measured by autoanalyzer. Plasma homocysteine levels were measured by high-performance liquid chromatography 
(HPLC) with fluorescence detect. Plasma nitric oxide and asymmetric dimethylarginine concentrations were measured by ELISA. 
Statistical analysis was performed using one-way analysis of variance   (ANOVA)  test in SPSS 13.0 program.

Findings
Caffeic acid phenethyl ester, significantly decreased (p<0.001) free T3, free T4 and asymmetric dimethylarginine levels and 

significantly increased (p<0.001)  nitric oxide, homocysteine, total cholesterol, HDL cholesterol and triglycerid levels.
Result
In conclusion; CAPE may show a protective effect against endothelial damage by increasing plasma nitric oxide levels and 

decreasing asymmetric dimethylarginine levels, in hyperthyroidism induced rats.
Keywords: Hyperthyroidism, rat, asymmetric dimethylarginine, nitric oxide.

INTRODUCTION

Thyroid hormone has relevant effects on the cardiovascular 
system (1). Many symptoms and signs recognized in patients 
with overt hyperthyroidism and hypothyroidism are due to the 
increased or reduced action of thyroid hormone on the heart and 
the vascular system, respectively, and the related hemodynamic 
derangements (2). The relationship between thyroid status and 
the cardiovascular system is not unidirectional. A body of data 
indicates that acute and chronic cardiovascular disorders may 
alter the metabolism of thyroid hormones (2).  

Nitric oxide (NO) is synthesized from L-arginine by 
nitric oxide synthase (NOS) (3) and is a substance that plays 
an important role in vascular homeostasis regulating vessel 
tonus (4). At the same time, it counteracts some vital steps 
in atherosclerosis such as platelet aggregation, leukocyte-
endothelium interaction, and proliferation of vascular smooth 
muscle cells (4,5). Asymmetric dimethylarginine (ADMA) is 
an endogenous competitive inhibitor of endothelial NOS and 
decreases its production and bioavailability (6). ADMA is 
produced by methylation of arginine remnants during normal 
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protein cycle in many tissues including vascular endothelium (4). 
It is metabolized to citrulline via dimethylaminohydrolase (4, 
7).A  lot of data have recently been published on the importance 
of ADMA in endothelial dysfunction as a cardiovascular risk 
factor (8).

Homocysteine is an amino acid formed from the 
metabolism of methionine, an essential amino acid derived 
from dietary protein. Increased levels of Hcy have been 
associated to increased overall mortality and to high mortality 
from cardiovascular disease (CVD) (9,10). All except one study 
(11) described some relation between vascular disease and Hcy 
levels. There is also evidence that Hcy can alter the coagulation 
system and the resistance of the endothelium to thrombosis 
(12). It also interferes with the antithrombotic and coagulation 
functions of nitric oxide (13).

Caffeic acid phenethyl ester (CAPE) is an active component 
of honey bee propolis extracts and has been used in folk 
medicine for many years. Caffeic acid phenethyl ester was 
known to have antioxidant, antiinflammatory, antimicrobial, 
immunomodulatory, and antineoblastic effects (14,15).
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It has been shown to inhibit 5-lipooxygenase catalyzed-
oxygenation of linoleic acid and arachidonic acid and to potently 
induce the inflammatory cell apoptosis through a glucocorticoid 
receptor independent mechanism (16,17). Caffeic acid phenethyl 
ester effectively downregulates a variety of proinflammatory 
cytokines and mediators by inhibition of the transcription of 
the nuclear factor-Kappa (NF-κB) (18). At a concentration of 
10 μM, CAPE completely blocks the production of reactive 
oxygen species (ROS) in human neutrophils and xanthine/ 
xanthine oxidase system (19). 

This study was designed in rats with experimentally induced 
hyperthyroidism to investigate the protective effects of caffeic 
acid phenylethyl ester (CAPE) on may be formed endothelial 
dysfunction that based on thyroid hormons. 

MATERIALS AND METHODS

Materials
Animals
Fifty male Wistar albino rats weighing 250-300 g were 

used in the experiments. They had continuous access to food 
and water and were housed under controlled conditions of 
temperature (21–23°C) and illumination (12 hr light: dark 
cycle) with light on from 8 a.m. to 8 p.m. daily. 

Experimental Design
The animals were randomly divided into five groups of ten 

animals in each group. The animals in the experimental group 
I were received control rats received only vehicle. The animals 
in the experimental group II were placebo rats received only 
intraperitonially 0.5 ml sterile physiological saline for 4 weeks. 
The animals in the experimental group III were intraperitonially 
administered L -thyroxin (0.3 mg/kg) in 0.5 ml sterile 
physiological saline.  The animals in the experimental group IV 
were CAPE intraperitonially administered at a dose of 10 μg/
kg per day for 4 weeks. The animals in the experimental group 
V received L-thyroxin (0.3 mg/kg) and CAPE (10 g/kg) for 4 
weeks. The CAPE was administered at the same time each day. 
At the end of the experimental period, the animals were killed 
by cervical decapitation (20). The blood samples were collected 
after overnight fasting in test tubes with anticoagulant plasma 
fractions separated by centrifugation.

Chemicals
L-Thyroxine (Sigma-Aldrich, St. Louis, USA)  was 

dissolved in 0.01 mol/ l NaOH (Merck & Co., Inc. Rahway, 
NJ, USA) and diluted with saline (21). CAPE (Sigma-Aldrich, 
USA) was dissolved in ethanol and further dilutions were made 
in saline. 

Assay Prosedure
Levels of plasma thyroid hormones were determined by 

chemiluminescence method in autoanalyzer. Levels of plasma 
lipids were determined by autoanalyzer. Levels of plasma plasma 
Nitric oxide concentrations were measured by ELISA(Cayman 
Colorimetric Assay Kit, USA ). Asymmetric dimethylarginine 
concentrations were measured by ELISA (Immun Diagnostik

Colorimetric Assay mause/rat Kit, Germany & England). 
Plasma homocysteine levels were measured by high-
performance liquid chromatography (HPLC) with fluorescence 
detect.

Statistical Analysis
Statistical analysis was performed using one-way analysis 

of variance   (ANOVA)  test in SPSS 13.0 (SPSS, Chicago, IL, 
USA) program. Data are presented as mean values S.D. A value 
of P < 0.001 was accepted as significant. 

Fig.1. Homocyteine Laevels

HT: hyperthyroidism group , CAPE: Caffeic acid group , CAPE+HT: 
Caffeic acid and hyperthyroidism  group , K: Control

Fig.2. ADMA Levels

Fig.3. NO Levels

HT: hyperthyroidism group , CAPE: Caffeic acid group , CAPE+HT: 
Caffeic acid and hyperthyroidism  group , K: Control

HT: hyperthyroidism group , CAPE: Caffeic acid group , CAPE+HT: 
Caffeic acid and hyperthyroidism  group , K: Control
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RESULTS

Plasma fT3, fT4 concentrations were significantly increased 
in rats with hyperthyroidism compared to controls, placebo, 
CAPE and “CAPE+HT” groups (p<0,001). Co-administration 
of CAPE with L thyroxine significantly decreased (p<0.001) 
the elevated fT3 and fT4 levels (table1). Plasma homocysteine 
concentrations were significantly decreased in rats with 
hyperthyroidism compared to controls, placebo, CAPE 
and “CAPE+HT” groups  (p<0,001). Plasma homocystein 
levels obtained from “CAPE+hyperthyroidism” group were 
significantly (p<0,001) higher compared to hyperthyroidism 
group (fig1). 

Plasma ADMA concentrations obtained from 
hyperthyroidism group were significantly higher compared 
to other groups. Plasma ADMA concentrations obtained from 
“CAPE+hyperthyroidism” group were significantly (p<0,001)  
higher compared to control, placebo and CAPE groups and 
significantly (p<0,001) low compared to hyperthyroidism group 
(fig2). Plasma NO concentrations obtained from hyperthyroidism 
group were significantly (p<0,001) low compared to control, 
placebo, CAPE and “CAPE+hyperthyroidism” groups. Plasma 
NO concentrations obtained from “CAPE+hyperthyroidism” 
group were significantly higher (fig3). Plasma total cholesterol, 
HDL, LDL and triglycerid levels obtained from hyperthyroidism 
group were significantly lower (p<0,001) than other groups 
(table1). Plasma total cholesterol, HDL, LDL and triglycerid 
levels obtained from “CAPE+hyperthyroidism” group were 
significantly (p<0,001) higher (table 1). 

DISCUSSION

Thyroid hormone has various effects on the cardiovascular 
system and both hyperthyroidism and hypothyroidism cause or 
accelerate cardiovascular diseases. Hyperthyroidism causes a 
hyperdynamic cardiovascular state including a faster heart rate, 
increased left ventricular contraction and relaxation, and atrial 
fibrillation.

The aim of this study was to investigate the effects of caffeic 
acid phenethyl ester on may be endothelial dysfunction in rats 
with experimentally induced hyperthyroidism. Endothelial 
dysfunction is common in patients with apparent coronary 
atherosclerosis or patients with cardiovascular risk factors. 
Clinical studies revealed that endothelial dysfunction seems 
to be the possible cause of such complications (22). Elevated 
plasma concentrations of the endogenous nitric oxide synthase 
(eNOS) inhibitor asymmetric dimethylarginine (ADMA) 
represent a novel risk factor for the development of endothelial 
dysfunction and a predictor for all-cause and cardiovascular 
mortality. In the present study, increased plasma ADMA 
levels and decresed plasma NO levels were observed in the 
hyperthyroid group. Therefore, it is conceivable that an increase 
in ADMA in hyperthyroidism might represent a compensatory 
mechanism to decrease NO production. 

The major findings of the present study are that: 1) ADMA 
levels are increased whereas NO levels are decreased in plasma 
from rats with experimentally induced hyperthyroidism. 2) there 
is a significant, direct relationship between free T4 and free T3 
levels and plasma ADMA; and 3) there is also a significant, but 

Table 1

Control Placebo HT CAPE CAPE+HT p

fT4
(ng/dL)

2,49±0,07c 2,68±0,13c 25,20±0,46a 2,73±0,08c 14,39±0,14b 0,000

fT3
(pg/ml)

2,33±0,09c 2,55±0,13c 11,63±0,35a 2,40±0,10c 5,35±0,07b 0,000

Homocyteine
(µmol/l)

26,94±1,28a 26,98±1,08a 13,56±1,30b 29,86±1,41a 27,75±1,51a 0,000

ADMA
( µmol/l)

0,44±0,01c
0,44±0,02c

0,74±0,03a 0,46±0,01c 0,54±0,02b 0,000

NO
(µM)

9,91±0,90a,b 10,96±1,02a 5,86±0,14c 9,59±0,72a,b 8,37±0,44b 0,000

T.Colesterol
(mg/dl)

57,40±1,76a 57,70±2,29a 26,40±1,57c 58,30±2,42a 47,40±1,18b 0,000

HDL
(mg/dl)

20,16±0,66a 19,64±0,61a 14,25±0,43b 19,82±0,59a 14,03±0,47b 0,000

LDL
(mg/dl)

19,70±1,82a 20,69±1,62a 3,65±0,72c 21,39±1,74a 15,74±1,20b 0,000

TG
(mg/dl)

89,70±2,40a 80,70±2,47a 58,50±2,47b 87,50±3,36a 85,40±4,34a 0,000

(P<0,001),  HT: Hyperthyroidism  Group, CAPE: Caffeic acid Group, CAPE+HT: Caffeic acid and Hyperthyroidism group.
a,b,c: the similar line: different character moved groups significantly
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inverse, relationship between free T4 and free T3 levels and NO 
4) Homocysteine and lipid levels are decreased in in plasma 
from rats with experimentally induced hyperthyroidism.5) A 
novel finding in the present study was Caffeic acid phenethyl 
ester, significantly decreased free T3, free T4 and asymmetric 
dimethylarginine levels and significantly increased nitric oxide, 
homocysteine total cholesterol, HDL cholesterol and triglycerid 
levels.

Our results are in accordance with Arıkan et al (23) who 
report a significant increase in ADMA levels and decreased 
NO levels of hyperthyroidism. The mechanisms involved in 
the rise in ADMA concentrations in the present study have not 
been defined Several lines of evidence indicate that ADMA is 
synthesized from the degradation of methylated proteins rather 
than from the methylation of free arginine. The specific enzyme 
protein arginine N-methyltransferase (protein methylase I) 
has been shown to methylate internal arginine residues in a 
variety of polypeptides. Thyroid hormone up-regulates protein 
methylase I activity (24), offering a putative mechanisms for 
elevated ADMA levels associated with hyperthyroidism. 

However, one of the major effects of thyroid hormone is to 
increase mitochondrial respiration (25, 26) by many complex 
changes in the number and activity of mitochondrial respiratory 
chain components. Accelerated mitochondrial electron transport, 
brought about by a thyroid hormone-induced hypermetabolic 
state, results in the increased generation of superoxide at the 
site of ubiquinone (27). Superoxide radical can lead to the 
formation of many other reactive species, including hydroxyl 
radicals, which can readily start the free radical process of lipid 
peroxidation (28).

Also, it could be hypothesized that hyperthyroidism would 
decrease dimethylarginine dimethylaminohydrolase (DDHA) 
activity through increased production of oxygen free radicals 
and increased lipid peroxidation (29).

Thus, oxidative stress in the vasculature should always 
stimulate ADMA production and/or inhbit ADMA degradation, 
in concentrations that significantly inhibit eNOS activity (30) 
or even uncouple the enzyme which would further increase 
superoxide production in a positive feedback fashion.

In the present study, we found homocysteine levels that 
rats with hyperthyroidism had a significantly lower compared 
with the control group. Both animal and human studies have 
demonstrated that hyperthyroidism with hight glomerular 
filtration rate, which in turn in closely related to plasma total 
homocysteine (31,32). 

It has been demonstrated that CAPE has antioxidant, 
antiinflammatory, immunomodulatory, and anticarcinogenic 
properties (33). 

The mechanisms behind the CAPE-induced reduction 
in thyroid hormone are not clear. Possibilities include CAPE 
induced modulation in deiodination system, which affects 
deiodinase activity through its antioxidant properties (34). 

The present study was thus designed to investigate the 
efficacy of CAPE pretreatment on may be endothelial dysfunction 
in rats with experimentally induced hyperthyroidism. 

Normalization of thyroid hormone levels with CAPE 
administration was associated with a significant tHcy and NO 
levels increase however ADMA levels decrease.

In conclusion; CAPE may show a protective effect on 
endothelial damage by increasing plasma NO levels and 
decreasing ADMA levels, in hyperthyroidism induced rats.
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