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ABSTRACT
Objective: The aim of this study is to investigate the effects of caffeic acid phenethyl ester (CAPE) on isoproterenol (ISO)-induced myocardial 
injury in hypertensive rats. 
Methods: Rats were divided into 4 groups (n=29): Control group (n=8), L-NNA (NG-Nitro-L-arginine) group (n=8), L-NNA+ISO (L-NNA+isoproterenol) 
group (n=7) and L-NNA+ISO+CAPE (L-NNA+ISO + caffeic acid phenethyl ester) group (n=6). ISO (150 mg/kg/day) was given intraperitoneally 
(i.p.) once a day for 2 consecutive days (at the 12th and 13th days of L-NNA treatment). NG-Nitro-L-arginine (L-NNA) was given orally (25 mg/kg/
day) in drinking water for 14 days. CAPE (10 μmol/kg/day) was given (i.p.) for 7 days after the first week. Systolic blood pressure (SBP) was 
evaluated by the tail-cuff method and biochemical analysis were performed using an autoanalyzer and a spectrophotometer.
Results: SBP in all L-NNA-treated groups was found to be increased at seventh day. AST and LDH levels in LNNA+ISO group were signifi-
cantly increased compared to control (AST: 125±5 vs. 105±2; LDH: 861±154 vs. 571±46 U/L respectively) (p<0.05). Also, ISO caused to extensive 
necrosis and mononuclear cell infiltration in hypertensive rat myocardium. CAPE application reversed the enhanced AST and LDH levels as well 
as the extensive necrosis and the mononuclear cell infiltration in LNNA+ISO+CAPE group compared LNNA+ISO.
Conclusion: According to our findings, it might be suggested that CAPE may be a favorable agent to protect the hypertensive myocardium from 
the injury induced by isoproterenol via mechanisms such as the induction of the antioxidant enzymes and the inhibition of lipid peroxidation.
(Anadolu Kardiyol Derg 2014; 14: 576-82)
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The effect of caffeic acid phenethyl ester on isoproterenol-induced 
myocardial injury in hypertensive rats

Introduction

Hypertensive heart disease is a major cause of death asso-
ciated with high blood pressure and it relates to disorders such 
as cardiac failure, ischemic heart disease and left ventricular 
hypertrophy. Myocardial infarction (MI) is an acute condition of 
myocardial necrosis caused by critical imbalance between the 
coronary oxygen supply and the demand of the myocardium. 
There are data arising from experimental and clinical studies 
concerning the enhanced free radical generation and/or inter-
rupted endogenous antioxidant enzymes production in heart 
diseases (1). Increased levels of reactive oxygen species and 
increased migration of neutrophils to the ischemic tissue play an 
important role in the pathophysiology of ischemic myocardial 
injury (2).

Nitric oxide (NO) plays an important role in the physiological 
control of blood pressure (BP) and the alterations in NO synthe-
sis cause vasoconstriction and have been suggested to be 
involved in the pathogenesis of hypertension (3). Pharmacological 
inhibition of NO synthesis produces acute and chronic hyper-
tension in many animal species (4).

Caffeic acid phenyl ester (CAPE), a flavonoid-like compound 
and an active component of propolis from honey bee hives (5). 
CAPE has strong antimicrobial, antiviral, antiinflammatory, anti-
neoplastic, antiarrhythmic, cardioprotective and antioxidant 
properties (6-11). CAPE can completely block the production of 
reactive oxygen species (ROS) in human neutrophils and in the 
xanthine/xanthine oxidase (XO) system at a concentration of 10 
μmol (12). In the previous studies it has been shown that CAPE 
preserves heart tissue from isoproterenol-induced cardiac dam-



age and restores the impaired antioxidant enzyme activity in the 
rat kidney and heart (13-17). Furthermore, it was reported that 
CAPE (10 μmol/kg) application significantly reversed the 
increased MDA, decreased NO levels and the increased diam-
eters of myocardial myofibrils in cadmium-induced hypertensive 
rats (11). 

A toxic dosage of isoproterenol causes characteristic myo-
cardial damage and subsequently results in mild heart failure in 
experimental conditions (18). To the best of our knowledge, the 
effects of CAPE on ISO-induced myocardial damage in hyper-
tensive rats have not yet been known. Therefore, the aim of the 
present study was to investigate the effects of CAPE against 
ISO-induced myocardial injury in an experimental hypertensive 
rat model. In this study, We used NG-Nitro-L-arginine (L-NNA), 
an inhibitor of nitric oxide synthase (NOS) enzyme, to produce 
hypertension and isoproterenol (ISO) to induce myocardial 
infarction.

Methods

Animals
The study was checked for compliance with ARRIVE guide-

lines for presentation of experimental animal studies (19). The 
experiments were performed in accordance with the Guide for 
the Care and Use of Laboratory Animals [DHEW Publication 
(NIH) 8523, 1985] and approved by the Fırat University Animal 
Experimentation Ethics Committee (FUAEEC). Twenty-nine 
Sprague-Dawley male rats, 200-250 g, were used in experi-
ments. The animals were housed in quiet rooms with: 12 hours 
light/dark cycle (7 a.m. to 7 p.m.) and allowed a commercial 
standard rat diet and water ad libitum.

Experimental protocols
Rats were divided into 4 groups (n=29): Control group (n=8), 

L-NNA (NG-Nitro-L-arginine) group (n=8), L-NNA+ISO 
(L-NNA+isoproterenol) group (n=7) and L-NNA+ISO+CAPE 
(L-NNA+ISO + caffeic acid phenethyl ester) group (n=6). Systolic 
blood pressure (SBP) was measured by tail-cuff method (MAY 
BPHR 9610-PC, Commat Ltd., Ankara, Turkey) for 3 consecutive 
days before the starting the protocol and then at 3- to 4-day 
intervals during the 2-week study period. L-NNA was given 
orally (25 mg/kg/day) in drinking water to rats during 14 days to 
produce hypertension. To induce myocardial infarction, ISO was 
given intraperitoneally to rats (150 mg/kg/day) once a day for 2 
consecutive days (20). Control group: untreated, LNNA group: 
rats were treated with L-NNA (25 mg/kg/day), LNNA+ISOgroup: 
L-NNA treated rats were given ISO (150 mg/kg) for 2 consecutive 
days in the 12th and 13th days of L-NNA treatment, 
LNNA+ISO+CAPE group: L-NNA treated rats were also given 
CAPE (10 μmol/kg/day) during 7 days after the first week and 
treated with ISO (150 mg/kg) for 2 consecutive days at the 12th-
13th days of L-NNA treatment.

Animals were sacrificed at 48th hour after second isoproter-
enol administration. All rats fasted about 12 hours, but had free 

access to water at the last administration of the drug. Then, the 
rats were anesthetized with ketamine (60 mg/kg) and Xylazine (5 
mg/kg, i.p.) at the end of the experiments, respectively. Blood 
was collected, serum was separated and used for various bio-
chemical analyses. The heart tissue was excised immediately 
from the rats, washed with prechilled physical saline and used 
for further biochemical estimations. The tissues homogenized 
with prechilled physical saline in tissue homogenizer, then cen-
trifuged at 3000 g for 10 min at 4°C, and the supernatant was 
used for the estimation of various biochemical parameters.

Biochemical analysis
Serum aspartate aminotransferase (AST), lactate dehydroge-

nase (LDH), and creatine kinase MB isoenzyme (CK-MB) enzyme 
activities were measured with a Beckman Coulter LH 750 
(Fullerton, CA, USA) autoanalyzer. The protein content in the 
heart were analysed in homogenate, supernatant and extracted 
samples according to the method of Lowry et al. (21). 
Malondialdehyde (MDA) levels in heart homogenate were mea-
sured by the thiobarbituric acid reaction by the method of 
Esterbauer et al. (22). The values of MDA were expressed as 
nmol/g protein. Glutathione peroxidase (GSH-Px) activity was 
measured by the method of Paglia et al. (23). The enzymatic reac-
tion in the tube containing NADPH, reduced glutathione, sodium 
azide and glutathione reductase was initiated by addition of 
H2O2, and the change in absorbance at 340 nm was monitored by 
a spectrophotometer. Total superoxide dismutase (SOD) activity 
was determined according to the method of Sun et al. (24). The 
SOD activity was expressed as U/mg protein. Catalase (CAT) 
activity was determined according to Aebi’s method (25). Since 
NO measurement is very difficult in biological specimens, tissue 
nitrite (NO2-) and nitrate (NO3-) were estimated as an index of 
NO production, and the colorimetric assay based on the Griess 
reaction for assessment of NO activity was used (26).

Histological examination
For light microscopic examinations, cardiac samples were 

fixed at 10% neutral buffered formalin. Tissues were embedded 
in paraffin following dehydration with graded alcohol series. 
Several 5 μm thick transverse sections were obtained from the 
tissue blocks and stained with hemotoxylin and eosin for histo-
logical evaluation. Sections were examined and photographed 
with Olympus DP20 camera attached-Olympus CX41 photomi-
croscope for characteristic histological changes.

Chemical reagents
NG-nitro-L-arginine, superoxide dismutase, malondialde-

hyde, myeloperoxidase, xanthine oxidase diagnostic agents and 
caffeic acid phenyl ester and isoproterenol were bought from 
Sigma Chemical Co (St Louis, USA).

Statistical analysis
The distribution of the groups was analyzed with one sample 

Kolmogrov-Smirnov test. Experimental groups showed normal 
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distribution for blood pressure and antioxidant parameters. One-
way ANOVA test was performed and posthoc multiple compari-
sons were made using least-squares differences to analyze 
antioxidant parameters and blood pressures at the end of study. 
ANOVA for repeated measures was used and posthoc multiple 
comparisons performed Dunnett test to analyze repeated blood 
pressure measurements. Groups have abnormal distribution for 
AST, LDH and CK-MB, so that Kruskal-Wallis test was performed 
to analyze the data and nonparametric Tukey HSD test were 
used to posthoc analyze. Results are presented as mean±SEM; 
p<0.05 was regarded as statistically significant.

Results

Blood pressure
SBP values were shown in Table 1. The average SBP in 

L-NNA treated groups increased throughout the study. At the 
end of the study, the average SBP in isoproterenol treated rats 
were reversed initial levels compared on day 7th of the same 
groups. There were no any differences between LNNA and 
LNNA+ISO groups for L-NNA consume (data not shown).

Biochemical results
The serum levels of AST, LDH and CK-MB in all groups were 

summarized in Table 2. The levels of AST and LDH in LNNA+ISO 
group were increased compared to control but not significant. 
CAPE treatment reversed the enhanced levels of AST and LDH 
in LNNA+ISO+CAPE group. There were no statistically signifi-
cant difference in the levels of CK-MB among all groups. The 
serum levels of AST, LDH and CK-MB increased in LNNA group, 
but it was not significant in statistic.

Table 3 summarizes the activities of heart SOD, GSH-Px and 
CAT enzymes and MDA levels in all groups. SOD enzyme activity 
in LNNA and LNNA+ISO decreased compared to control group. 
The activity of the CAT enzyme in LNNA+ISO group was signifi-
cantly increased compared to control group. CAPE treatment 
enhanced activities of SOD and CAT enzymes in LNNA+ISO+CAPE 

group but not significant for SOD. The levels of MDA in LNNA+ISO 
group were significantly increased compared to control group 
and CAPE treatment reversed the enhanced levels of MDA. There 
were no differences in NO levels among all groups. Really, L-NNA 
treatment decreased NO levels but not significant statistically.

Histological results
In histological evaluation, control tissues showed normal 

cardiac histology (Fig. 1). LNNA caused diffuse edema, myocy-
tolysis and fiber disorganization (Fig. 2). In LNNA+ISO group, 
marked necrosis, hemorrhage and mononuclear cell infiltration 
was observed (Fig. 3). CAPE administration decreased degen-
eration and improved cardiac histology (Fig. 4). However signs of 
degeneration like increased eosinophily persisted in some 
areas.

Discussion

The present study has targeted the hypothesis that CAPE 
may prevent the myocardial damage caused by ISO in L-NNA-

   SBP (mmHg)  F values
     (ANOVA for repeated 
Group  Initial Day 7th Day 14th measurements)

Control (n=8) 107±1 106±1 107±1 0.273

L-NNA (n=8) 110±1 134±1ax 145±2abx 69.656

L-NNA+ISO (n=7) 108±1 133±2ax 107±2by 58.595

L-NNA+ISO+CAPE (n=6) 108±1 136±2ax 102±1byz 90.111

F values (one-way ANOVA)  0.671 55.750 87.257

P values (Between Groups)  0.577 <0.001 <0.001
aP<0.001, vs initially; bP<0.001, vs day 7th; xP<0.001, vs Control; yP<0.001, vs L-NNA ; zP<0.05, vs L-NNA+ISO. Results are represented as mean±SEM. ANOVA for repeated measures 
was used and post hoc multiple comparisons performed Dunnett test. Control: untreated, LNNA: rats were treated with L-NNA (25 mg /kg/day) for weeks, LNNA+ISO: L-NNA treated 
rats were given isoproterenol (150 mg/kg/day) for 2 consecutive days in the 12th and 13th days of L-NNA treatment, LNNA+ISO+CAPE: L-NNA treated rats were given CAPE (10 μmol /
kg/day) for 7 days after the first week and treated with isoproterenol (150 mg/kg/day) for 2 consecutive days at the 12th-13th days of L-NNA treatment

Table 1. Systolic blood pressure at days initial, 7th and 14th of L-NNA treatment

Figure 1. Control; Normal cardiac histology (HE x200)
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induced hypertensive rats. CAPE prevented the inceased MDA, 
AST and LDH levels induced by ISO as well as the extensive 
necrosis and the mononuclear cell infiltration in hypertensive 
heart tissue. According to present results, this study has demon-
strated that CAPE might protect the hypertensive myocardium 
against to the injury induced by ISO application via antioxidant 
effects.

L-NNA application caused high blood pressure throughout 
14 days and ISO returned SBP to normal values. The reason of 
this situation may be to development of heart failure as a result 
of mild myocardial infarction (18). Data regarding the effects of 
CAPE on blood pressure are controversial: CAPE administration 
does not affect the hemodynamic parameters or it may exert a 
hypotensive effect via a central parasympathetic control mech-
anism on heart rate (16, 27). We have not given CAPE alone to 
animals, but it slightly reduced the blood pressure in LNNA+ISO 
group. Additionally, we have given CAPE to animals for a sub-
acute period (seven days), but they gave it acutely. Probably, the 
slight hypotensive effect of the agent will be balanced in this 
subacute period. On the other hand, it has been reported that 
CAPE has a vasorelaxant effect on porcine coronary artery ring 
segments via the induction of NO and adrenergic beta-receptors 
(28). Indeed, CAPE treatment improved the levels of NO 
decreased by ISO administration in the heart (0.010±0.002 vs. 
0.020±0.004, μmol/g wet tissue). As a result, CAPE can act as 
positive inotropic agent via the induction of beta-adrenoceptors 
and dilate coronary arteries inducing NO without affecting blood 
pressure. We suggest that CAPE might be useful in both hyper-
tensive or normotensive patients with a heart attack.

  MDA, nmol/g SOD, GSH-Px, U/g CAT,  NOx, µmol/g wet 
Group  protein U/mg protein protein ku/mg protein tissue

Control (n=8) 2.50±0.22 0.890±0.095 3.53±0.15 0.196±0.012 0.023±0.009

LNNA (n=8) 2.37±0.16 0.646±0.044a 3.45±0.11 0.236±0.023 0.017±0.001

LNNA+ISO (n=7) 3.22±0.25a 0.591±0.040a 3.31±0.17 0.263±0.011c 0.010±0.002

LNNA+ISO+CAPE (n=6) 2.55±0.19b 0.737±0.116 3.63±0.24 0.312±0.013b 0.020±0.004

F values (one-way ANOVA)  3.176 2.975 0.603 10.339 0.890

P values (Between groups)  0.042 0.051 0.619 <0.001 0.460
aP<0.05 compared with control group; bP<0.05 compared with LNNA+ISO group; cP<0.01 compared with control group. Results are represented as mean±SEM. One-way ANOVA test 
was performed and posthoc multiple comparisons were made using LSD test. Control- untreated, LNNA-rats were treated with L-NNA (25 mg/kg/day) for weeks, LNNA+ISO-L-NNA 
treated rats were given isoproterenol (150 mg/kg/day) for 2 consecutive days in the 12th and 13th days of L-NNA treatment, LNNA+ISO+CAPE-L-NNA treated rats were given  
CAPE (10 μmol/kg/day) for 7 days after the first week and treated with isoproterenol (150 mg/kg/day) for 2 consecutive days at the 12th-13th days of L-NNA treatment;  
CAT - catalase; GSH-Px - glutathione peroxidase; MDA - malondialdehyde; Nox - nitrite (NO2-) and nitrate (NO3-), SOD - superoxide dismutase

Table 3. The levels of MDA and NO, the activities of SOD, GSH-Px and CAT enzymes in all groups

Figure 3. LNNA+ISO; Extensive necrosis (*) and mononuclear cell 
infiltration (→) (HE x200)Figure 2. LNNA; Degeneration, edema (*) and myocytolysis (→) (HE x200)

Group  AST (U/l) LDH (U/l) CK-MB (U/l)

Control (n=8) 105±2 571±46 179±19

LNNA (n=8) 121±8 778±151 312±110

LNNA+ISO (n=7) 125±5a 861±154b 458±257

LNNA+ISO+CAPE (n=6) 106±9 372±46c 321±194
aP<0.01 compared with control group; bP<0.05 compared with control group; cP<0.001 
compared with LNNA+ISO group; Results are represented as mean±SEM. Kruskal-
Wallis test was performed to analyze the data and nonparametric Tukey HSD test 
were used to posthoc analyze. Control-untreated, LNNA-rats were treated with L-NNA 
(25 mg/kg/day) for weeks, LNNA+ISO- L-NNA treated rats were given isoproterenol 
(150 mg/kg/day) for 2 consecutive days in the 12th and 13th days of L-NNA treatment, 
LNNA+ISO+CAPE- L-NNA treated rats were given CAPE (10 μmol/kg/day) for 7 days 
after the first week and treated with isoproterenol (150 mg/kg/day) for 2 consecutive 
days at the 12th-13th days of L-NNA treatment

Table 2. Biochemical parameters of serum in all groups
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L-NNA alone caused to decrease in SOD activity compared 
to control. In the previous studies reported that L-NNA decreas-
es the activities of antioxidant enzymes and enhances lipid 
peroxidation (29). In accordance with previous studies, it was 
observed that 150 mg/kg dose of ISO induced a myocardial dam-
age and significantly altered biochemical parameters and anti-
oxidant enzyme activities in the present study (13). In the pres-
ent study ISO administration caused myocardial damage which 
was reflected by a significant increase in serum AST and LDH 
levels. Serum CK-MB level was not changed by isoproterenol 
treatment probably as a result of the killing of rats at 48th hour 
after second isoproterenol administration in this study. Indeed, 
CK-MB begins to elevate at 4-6 hours after the start of myocar-
dial infarction and reaches a peak at 12-24 hours and returns to 
normal in 36-72 hours (30). CAPE treatment prevented the 
increase in LDH and AST level in ISO-induced myocardial infarc-
tion. ISO increased oxidative stress parameters and deteriorat-
ed antioxidant enzymes in heart tissue. Despite the increased 
oxidative stress parameters in heart, cardiac marker enzymes 
may not correlate with the activity of antioxidant enzymes (31).

Malondialdehyde is a major lipid peroxidant end product and 
our present results were consistent with the previous findings 
indicating the increases of lipid peroxidation (32). CAPE treat-
ment significantly decreased the MDA levels by probably pre-
venting the formation of lipid peroxides. Myeloperoxidase (MPO) 
is a neutrophil and monocyte enzyme that amplifies the reactiv-
ity of hydrogen peroxide (33). We did not measure MPO activity, 
but we previously showed that CAPE decreases the rised MPO 
activity in heart (13). MPO and its oxidation products can play a 
key role for the enzyme in promoting of lipid peroxidation and 
other oxidative modifications in acute myocardial infarction (34). 
The activation of MPO enzyme in myocardial infarction is asso-
ciated and positively correlated with lipid oxidation.

Superoxide dismutase, CAT and GSH-Px are the main antioxi-
dant enzymes in the body. First, the function of SOD is to convert 
superoxide anion free radicals (O2-) to H2O2 and to molecular 

oxygen and therefore, the decline in SOD enzyme level may lead 
to excessive formation of superoxide anions and might induce a 
serious damage of myocardium (35). In the present study, SOD 
activity decreased and CAT activity increased significantly in the 
ISO treated rats. The decline in SOD activiy may be explained by 
the fact that excessive superoxide anions may inactivate SOD 
enzyme (32). CAPE treatment improved unsignificantly SOD activ-
ity. The increase in the enzyme activity was 24% and this rise is 
really significant because it is greater than 20% (36). Second, 
H2O2 is converted to O2 and H2O using catalase. H2O2 scaveng-
ing enzyme CAT increased significantly after ISO administration 
and CAPE enhanced CAT activity much more. We cannot show 
that how CAPE alone affects the activities of antioxidant enzymes 
because it was not studied. On the other hand, we have shown 
previously that CAPE alone may directly increase CAT activity 
(37). Generally, CAPE does not affect GSH-Px activitiy in normal 
or injured animals. It is likely that the current increase in CAT 
enzyme is sufficient to break raised the amount of H2O2. Probably, 
CAPE indicates a direct effect on CAT and may exist an indirect 
effect on other antioxidant enzymes.

As a result, we demonstrated an increase in lipid peroxida-
tion and a decrease in SOD and CAT activity in heart tissue of 
hypertensive rats given ISO and oxidative stress-mediated pos-
sible myocardial injury was prevented by CAPE treatment. 

In the present study CAPE administration improved cardiac 
tissue structure histologically. The protective effects of CAPE on 
cardiac tissue in myocardial ischemia reperfusion injuries were 
previously reported (9, 38, 39). Çağlı et al. (39) and Parlakpınar et 
al. (16) showed decreased apoptosis in ischemia reperfusion-
induced cardiac injury. However this is the first study in the lit-
erature evaluating the effects of both LNNA and CAPE on car-
diac tissue from a histological point of view.

Study limitations

Our study has some limitations. First, in our study, biomarkers 
such as troponins (T and I) and total CK that are important param-
eters for the diagnosis of myocardial infarct were not performed. 
Secondly, after ISO application, EKG recording was not made. But, 
on the other hand, the light microscopic examination of heart tis-
sues for all groups which shows the injury directly was performed 
to the evaluation of the ISO-induced myocardial injury.

 
Conclusion

The current study suggests that CAPE may help to protect 
against to myocardial injury induced by isoproterenol via inhibition of 
lipid peroxidation and induction of antioxidant enzymes in hyperten-
sive rats. Further experimental and clinic studies are needed to elu-
cidate the preventive effects of CAPE against myocardial damage.

Conflict of interest: None declared.

Peer-review: Partially external peer-reviewed.

Figure 4. LNNA+ISO+CAPE; Improved cardiac histology (HE x200)

İlhan et al.
Caffeic acid in hypertensive rats Anadolu Kardiyol Derg 2014; 14: 576-82580



Authorship contributions: Concept - S.İ., N.Y., S.M., S.O., E.Ş.; 
Design - S.İ., S.O., N.Y., E.N., S.M.; Supervision - S.İ., N.Y., S.M., 
S.O.; Resource - S.İ., E.N., E.Ş., N.Y., S.M.; Materials - S.İ., S.O., 
E.N., N.Y., S.M.; Data collection&/or Processing - S.İ., S.O., E.Ş.; 
Analysis &/or interpretation - S.İ., S.M., S.O., E.Ş.; Literature 
search - S.İ., N.Y., S.O., E.Ş.; Writing - S.İ., N.Y., E.N., S.M., S.O., 
E.Ş.; Critical review - S.İ., N.Y., E.N., S.M., S.O., E.Ş.

Acknowledgment: This study was supported by The 
Research Fund of Mustafa Kemal University (1003M0103).

References

1. De Biase L, Pignatelli P, Lenti L, Tocci G, Piccioni F, Riondino S, et al. 
Enhanced TNF-alpha and oxidative stress in patients with heart 
failure: effect of TNF -alpha on platelet O2- production. Thromb 
Haemost 2003; 90: 317-25. 

2. Sahna E, Deniz E, Bay-Karabulut A, Burma O. Melatonin protects 
myocardium from ischemia-reperfusion injury in hypertensive rats: 
role of myeloperoxidase activity. Clin Exp Hypertens 2008; 30: 673-
81. [Crossref]

3. Deniz E, Çolakoğlu N, Sarı A, Sönmez MF, Tuğrul I, Oktar S, et al. 
Melatonin attenuates renal ischemia-reperfusion injury in nitric oxide 
synthase inhibited rats. Acta Histochem 2006; 108: 303-9. [Crossref]

4. Salazar FJ, Pinilla JM, Lopez F, Romero JC, Quesada T. Renal 
effects of prolonged synthesis inhibition of endothelium-derived 
nitric oxide. Hypertension 1992; 20: 113-7. [Crossref]

5. Tseng TH, Lee YJ. Evaluation of natural and synthetic compounds 
from East Asiatic folk medicinal plants on the mediation of cancer. 
Anticancer Agents Med Chem 2006; 6: 347-65. [Crossref]

6. Okutan H, Özçelik N, Yılmaz HR, Uz E. Effects of caffeic acid 
phenethyl ester on lipid peroxidation and antioxidant enzymes in 
diabetic rat heart. Clin Biochem 2005; 38: 191-6. [Crossref]

7. Chang GJ, Chang CJ, Chen WJ, Yeh YH, Lee HY. Electrophysiological 
and mechanical effects of caffeic acid phenethyl ester, a novel 
cardioprotective agent with antiarrhythmic activity, in guinea-pig 
heart. Eur J Pharmacol 2013; 702: 194-207. [Crossref]

8. Kumaran KS, Prince PS. Protective effects of caffeic acid on lactate 
dehydrogenase isoenzymes, electrocardiogram, adenosine triphos-
phatases, and hematology on isoproterenol-induced myocardial 
infarcted rats. J Biochem Mol Toxicol 2011; 25: 60-7. [Crossref]

9. Tan J, Ma Z, Han L, Du R, Zhao L, Wei X, et al. Caffeic acid pheneth-
yl ester possesses potent cardioprotective effects in a rabbit 
model of acute myocardial ischemia-reperfusion injury. Am J 
Physiol Heart Circ Physiol 2005; 289: 2265-71. [Crossref]

10. Kumaran KS, Prince PS. Preventive effect of caffeic acid on lyso-
somal dysfunction in isoproterenol-induced myocardial infarcted 
rats. J Biochem Mol Toxicol 2010; 24: 115-22. [Crossref]

11. Mollaoğlu H, Gökçimen A, Özgüner F, Öktem F, Koyu A, Koçak A, et 
al. Caffeic acid phenethyl ester prevents cadmium-induced cardi-
ac impairment in rat. Toxicology 2006; 227: 15-20. [Crossref]

12. Sud'ina GF, Mirzoeva OK, Pushkareva MA, Korshunova GA, 
Sumbatyan NV, Varfolomeev SD. Caffeic acid phenethyl ester as a 
lipoxygenase inhibitor with antioxidant properties. FEBS Lett 1993; 
329: 21-4. [Crossref]

13. Oktar S, Aydın M, Yönden Z, Alçin E, İlhan S, Nacar A. Effects of caf-
feic acid phenethyl ester on isoproterenol-induced myocardial 
infarction in rats. Anadolu Kardiyol Derg 2010; 10: 298-302. [Crossref]

14. Irmak MK, Koltuksuz U, Kutlu NO, Yağmurca M, Özyurt H, Karaman 
A, et al. The effect of caffeic acid phenethyl ester on ischemia-
reperfusion injury in comparison with alpha-tocopherol in rat kid-
neys. Urol Res 2001; 29: 190-3. [Crossref]

15. Motawi TK, Darwish HA, Abd El Tawab AM. Effects of caffeic acid 
phenethyl ester on endotoxin-induced cardiac stress in rats: a 
possible mechanism of protection. J Biochem Mol Toxicol 2011; 25: 
84-94. [Crossref]

16. Parlakpınar H, Sahna E, Acet A, Mızrak B, Polat A. Protective effect 
of caffeic acid phenethyl ester (CAPE) on myocardial ischemia-
reperfusion-induced apoptotic cell death. Toxicology 2005; 209: 
1-14. [Crossref]

17. Özer MK, Parlakpınar H, Acet A. Reduction of ischemia-reperfusion 
induced myocardial infarct size in rats by caffeic acid phenethyl 
ester (CAPE). Clin Biochem 2004; 37: 702-5. [Crossref]

18. Grimm D, Elsner D, Schunkert H, Pfeifer M, Griese D, Bruckschlegel 
G, et al. Development of heart failure following isoproterenol 
administration in the rat: role of the renin-angiotensin system. 
Cardiovasc Res 1998; 37: 91-100. [Crossref]

19. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. Improving 
bioscience research reporting: the ARRIVE guidelines for reporting 
animal research. PLoS Biol 2010; 8: e1000412. [Crossref]

20. Sangeetha T, Quine SD. Protective effect of S-allyl cysteine sul-
phoxide (alliin) on glycoproteins and hematology in isoproterenol 
induced myocardial infarction in male Wistar rats. J Appl Toxicol 
2008; 28: 710-6. [Crossref]

21. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-
ment with the folin phenol reagent. J Biol Chem 1951; 193: 265-75.

22. Esterbauer H, Cheeseman KH. Determination of aldehydic lipid 
peroxidation products: malonaldehyde and 4-hydroxynonenal. 
Methods Enzymol 1990; 186: 407-21. [Crossref]

23. Paglia DE, Valentine WN. Studies on the quantitative and qualita-
tive characterization of erythrocyte glutathione peroxidase. J Lab 
Clin Med 1967; 70: 158-69.

24. Sun Y, Oberley LW, Li Y. A simple method for clinical assay of super-
oxide dismutase. Clin Chem 1988; 34: 497-500.

25. Aebi H. Methods of Enzymatic Analysis. Bergmeyer HU ed. New 
York: Academic Press; 1974.

26. Cortas NK, Wakid NW. Determination of inorganic nitrate in serum 
and urine by a kinetic cadmium-reduction method. Clin Chem 1990; 
36: 1440-3.

27. Iraz M, Fadıllıoğlu E, Taşdemir S, Erdoğan S. Role of vagal activity 
on bradicardic and hypotensive effects of caffeic acid phenethyl 
ester (CAPE). Cardiovasc Toxicol 2005; 5: 391-6. [Crossref]

28. Long Y, Han M, Chen J, Tian XZ, Chen Q, Wang R. The vasorelaxant 
effect of caffeic acid phenethyl ester on porcine coronary artery 
ring segments. Vascul Pharmacol 2009; 51: 78-83. [Crossref]

29. Zhou B, Guo Z, Xing J, Huang B. Nitric oxide is involved in abscisic 
acid-induced antioxidant activities in Stylosanthes guianensis. J 
Exp Bot 2005; 56: 3223-8. [Crossref]

30. Hornykewycz S, Gabriel H, Huber K. Biochemical markers of myo-
cardial necrosis in acute myocardial infarction and thrombolysis. 
Ann Hematol 1994; 69: 59-63. [Crossref]

31. Büyükgüzel E, Kalender Y. Penicillin-induced oxidative stress: 
effects on antioxidative response of midgut tissues in instars of 
Galleria mellonella. J Econ Entomol 2007; 100: 1533-41. [Crossref]

32. Panda VS, Naik SR. Cardioprotective activity of ginkgo biloba phy-
tosomes in isoproterenol-induced myocardial necrosis in rats: a 
biochemical and histoarchitectural evaluation. Exp Toxicol Pathol 
2008; 60: 397-404. [Crossref]

İlhan et al.
Caffeic acid in hypertensive ratsAnadolu Kardiyol Derg 2014; 14: 576-82 581

http://dx.doi.org/10.1080/10641960802251966
http://dx.doi.org/10.1016/j.acthis.2006.04.002
http://dx.doi.org/10.1161/01.HYP.20.1.113
http://dx.doi.org/10.2174/187152006777698150
http://dx.doi.org/10.1016/j.clinbiochem.2004.10.003
http://dx.doi.org/10.1016/j.ejphar.2013.01.040
http://dx.doi.org/10.1002/jbt.20359
http://dx.doi.org/10.1152/ajpheart.01106.2004
http://dx.doi.org/10.1002/jbt.20319
http://dx.doi.org/10.1016/j.tox.2006.06.020
http://dx.doi.org/10.1016/0014-5793(93)80184-V
http://dx.doi.org/10.5152/akd.2010.086
http://dx.doi.org/10.1007/s002400100185
http://dx.doi.org/10.1002/jbt.20362
http://dx.doi.org/10.1016/j.tox.2004.10.017
http://dx.doi.org/10.1016/j.clinbiochem.2004.01.012
http://dx.doi.org/10.1016/S0008-6363(97)00212-5
http://dx.doi.org/10.1371/journal.pbio.1000412
http://dx.doi.org/10.1002/jat.1330
http://dx.doi.org/10.1016/0076-6879(90)86134-H
http://dx.doi.org/10.1385/CT:5:4:391
http://dx.doi.org/10.1016/j.vph.2009.03.002
http://dx.doi.org/10.1093/jxb/eri319
http://dx.doi.org/10.1007/BF02215959
http://dx.doi.org/10.1603/0022-0493(2007)100[1533:POSEOA]2.0.CO;2
http://dx.doi.org/10.1016/j.etp.2008.03.010


33. Heinecke JW, Li W, Francis GA, Goldstein JA. Tyrosyl radical gen-
erated by myeloperoxidase catalyzes the oxidative cross-linking of 
proteins. J Clin Invest 1993; 91: 2866-72. [Crossref]

34. Nicholls SJ, Hazen SL. Myeloperoxidase and cardiovascular dis-
ease. Arterioscler Thromb Vasc Biol 2005; 25: 1102-11. [Crossref]

35. Sharma M, Kishore K, Gupta SK, Joshi S, Arya DS. Cardioprotective 
potential of ocimum sanctum in isoproterenol induced myocardial 
infarction in rats. Mol Cell Biochem 2001; 225: 75-83. [Crossref]

36. Eckelman WC, Kilbourn MR, Joyal JL, Labiris R, Valliant JF. 
Justifying the number of animals for each experiment. Nucl Med 
Biol 2007; 34: 229-32. [Crossref]

37. Gökçe A, Oktar S, Yönden Z, Aydın M, İlhan S, Özkan OV, et al. 
Protective effect of caffeic acid phenethyl ester on cyclosporine 
A-induced nephrotoxicity in rats. Ren Fail 2009; 31: 843-7. [Crossref]

38. Ince H, Kandemir E, Bağçı C, Güleç M, Akyol O. The effect of caf-
feic acid phenethyl ester on short-term acute myocardial isch-
emia. Med Sci Monit 2006; 12: 187-93.

39. Çağlı K, Bağçı C, Güleç M, Cengiz B, Akyol O, Sarı I, et al. In vivo 
effects of caffeic acid phenethyl ester on myocardial ischemia-
reperfusion injury and apoptotic changes in rats. Ann Clin Lab Sci 
2005; 35: 440-8.

İlhan et al.
Caffeic acid in hypertensive rats Anadolu Kardiyol Derg 2014; 14: 576-82582

http://dx.doi.org/10.1172/JCI116531
http://dx.doi.org/10.1161/01.ATV.0000163262.83456.6d
http://dx.doi.org/10.1023/A:1012220908636
http://dx.doi.org/10.1016/j.nucmedbio.2007.07.005
http://dx.doi.org/10.3109/08860220903137517

