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The present study was designed to assess the phytochemical contents as well as the in vitro biological activi-

ties fruit of Rosa pisiformis and possible in vivo cardioprotective and hepatoprotective properties of the aque-

ous extract of R. pisiformis fruit on trace elements (cadmium, selenium, nickel, zinc, iron, copper, cobalt,

chromium, manganese, lead), minerals (sodium, calcium, potassium, magnesium), glutathione and

malondialdehyde in heart and liver tissue samples, serum vitamin (retinol, cholecalciferol, phylloquinone,

�-tocopherol), total sialic acid, and lipid-bound sialic acid in a rat model of isoproterenol-induced oxidative

damage. In the study, 40 Wistar albino rats were divided into four groups of ten each: control, isoproterenol

100 mg/kg bodyweight; isoproterenol 100 mg/kg bodyweight; then R. pisiformis 300 mg/kg bodyweight, and

R. pisiformis 300 mg/kg bodyweight. Rats were given isoproterenol twice at an interval of 24 h for two days

(on days 28 and 29) subcutaneously. The experimental period was maintained at 30 days. According to analy-

sis results, caffeic acid and p-coumaric acid were found to be the high contents of the fruit extracts at

6.01 � 0.0006 and 3.93 � 0.007 mg/100 g dry weight. It showed that R. pisiformis (300 mg/kg bodyweight)

aqueous extract had a potent action on oxidative damage. The R. pisiformis (300 mg/kg bodyweight) treatment

significantly alleviated toward normalcy on the zinc, manganese, cobalt, magnesium, and sodium values in

the heart, and zinc and magnesium values in liver tissue samples. These positive effects may be related to the

action of p-coumaric acid and caffeic acid present in the R. pisiformis 300 mg/kg and it has hypolipidemic and

antioxidant properties that could protect from myocardial damage.
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1. INTRODUCTION

Cardiovascular disease is the leading cause of mortality

globally [1]. The most important risk factors for cardiovascu-

lar disease include hypercholesterolemia, hypertension,

smoking, and diabetes mellitus. All of these risk factors in-

duce oxidative stress in the vessel wall [2]. Free radicals, es-

pecially reactive oxygen species (ROS), play a major role in

the pathogenesis of oxidative myocardial damage with a con-

sequence of cardiac dysfunction [3]. It has been suggested

that the pathway of oxidative stress is an essential etiological

factor in the development of coronary heart disease and ath-

erosclerosis in experimental and prospective human studies

[4]. Isoproterenol (ISP), a synthetic �-adrenoceptor agonist,

has been observed to cause myocardial injury in rats owing

to a disturbance of the physiological balance between free

radical generation and the antioxidant defense system [5].

Medicinal plants have been used for centuries in the

world for the treatment of diseases. Owing to their low toxic-

ity and their good therapeutic performance, people are more

interested in medicinal plants [6]. As is known, phenolic

compounds are secondary metabolites derived from the

pentose phosphate, phenylpropanoid, and shikimate path-
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ways in plants [7]. These compounds are broadly found in al-

most all plant species and have important biological effects

[8]. Rosa pisiformis (R.PS) fruit have strong antioxidant and

antihyperlipidemic properties owing to their phytochemical

composition. R.PS fruit has been associated with a protective

effect on human health, such as systolic blood pressure and

chronic chest pain for the risk of cardiovascular and liver dis-

eases.

Our study was aimed at investigating the phytochemical

contents and biological activity of R.PS fruits, which are

publicly used against cardiovascular disease and are one of

the endemic rosehip species, used both as a food as well as

for therapeutic purposes. Their natural antioxidant com-

pounds are used to make humans healthy. We also tried to

see its protective effects on trace elements (Cd, Se, Ni, Zn,

Fe, Cu, Co, Cr, Mn, Pb), minerals (Na, K, Ca, Mg), GSH and

MDA in heart and liver tissue samples, vitamins

(�-tocopherol, retinol, cholecalciferol, phylloquinone), TSA

and LSA, and some biochemical parameters (LDH, AST,

ALT, albumin, total cholesterol, glucose, HDL, LDL,

triglyceride) in serum samples in a rat model that was sub-

jected to isoproterenol-induced oxidative damage.

2. EXPERIMENTALCHEMICAL PART

2.1. Plant Material

Rosa pisiformis (Christ.) D. Sosn. (R.PS) fruits were col-

lected in Van Hoºap, Güzelsu, Bahçecik village, Turkey.

R.PS was identified by Dr. Fevzi Ozgokce who works in the

Department of Biology. A specimen was stored in the Botany

Herbarium of Van Yuzuncu Yil University, VANF-F13827.

2.2. �-Glucosidase, �-Amylase and Pancreatic Lipase

Inhibitory Activities

Inhibitory enzyme activity of �-glucosidase was carried

out using a modification of the method used by Lam, et al.

[9] and recorded at 405 nm by using a microplate reader

(VersaMax). Enzyme inhibitory activity of R.PS fruit extract

was assayed at a concentration of 2000 �g/mL, which was

used as the reference. Inhibitory enzyme activity of �-amy-

lase of the extracts from the fruits of R.PS was determined by

modifying the method used by Ali, et al. [10] determined at a

wavelength of 505 nm. Acarbose was used as a reference. In-

hibitory enzyme activity of pancreatic lipase of R.PS fruit ex-

tracts was conducted by the modified method proposed by

Lee, et al. [11] estimated at 405 nm. Orlistat was used as the

reference.

2.3. Phenolic Contents of Rosa pisiformis Fruits

The extract was prepared at a concentration of 5 mg/mL

for the quantitative analysis of phenolic compounds. The

phenolic compounds were measured by RP-HPLC on ACE

5 �m, C18 column (150 � 4.6 mm). The temperature of the

column was maintained at 25°C. The mobile phase included

formic acid (0.2%) in acetonitrile (80%; solvent A) and for-

mic acid (0.2%) in water (solvent B). The gradient system

was as follows: 0 – 10 min, from 5% A to 15% A at

0.8 mL/min flow rate, 10 – 15 min 15% A at from

0.8 mL/min to 0.6 mL/minute flow rate, 15.01/17 min 15%

A at 0.6 mL/min flow rate, 17.01/32 min from 15% to 30% at

0.8 mL/min flow rate, 32/35 min from 30% A to 100% A at

0.8 mL/min flow rate. The analysis time was 45 min. The

sample injection volume was 20 µL. Within 5 min, it was re-

turned to the initial conditions. The caffeic acid, sinapic acid,

chlorogenic acid, ferulic acid, and p-coumaric acid were de-

tected with a UV detector at 320 nm; whereas 2-hydroxy-

cinnamic acid, vanillic acid, rutin, and protocatechuic acid

were measured with a UV detector at 265 nm. For calibra-

tion, six different phenolic compound concentrations were

prepared in acetonitrile (25%). For analysis of reprodu-

cibility, the phenolic compounds of standard solution were

injected three times at each level of concentration. Calibra-

tion plots were prepared by reading the peak areas against

the concentration. To measure the spike recovery, three dif-

ferent phenolic compound concentrations (1, 5, and 10 ppm)

were added to the extracts. At each addition level, six assays

were performed and the average was taken to calculate the

percentage recovery.

3. EXPERIMENTAL PHARMACOLOGICAL PART

3.1. Experimental Animals

A total of 40 male Wistar albino rats (weight 200 � 50 g,

4 weeks of age) were used for the present study. Rats were

provided by the Van Yuzuncu Yýl University, Faculty of

Medicine Animal Care Center. The rats were housed at nor-

mal temperature (22 � 2°C) and normal daylight with a 12-h

light/dark cycle and provided with drinking water and food

ad libitum. Experiments were performed in accordance with

the general principles of the Van Yuzuncu Yil University ani-

mal ethics committee (YUHADY-EK, 30.06.2011/Decision

no: 06).

3.2. Experimental Design

The rats were randomly assigned to four equal groups of

ten rats each. Group 1 rats were regarded as the control group

and given 0.9% NaCl. Rats in group II were given ISP

100 mg/kg bodyweight dissolved in saline and subcutane-

ously administered twice with an interval of 24 h for two

consecutive days (on days 28 and 29). Rats in group III sub-

cutaneously received ISP 100 mg/kg bodyweight with an in-

terval of 24 h for two following days (on days 28 and 29) and

R.PS fruits 300 mg/kg bodyweight with an intragastric tube.

Rats in group IV were given R.PS fruits 300 mg/kg

bodyweight with an intragastric tube throughout the experi-

mental period. The duration of treatment was 30 days for all

groups.

3.3. Plant Material and Preparation of Extract

The fruits of R.PS (3 g) were infused in 300 mL of boiled

distilled water for 15 min. The filtrate was then dried at 38°C

in an incubator. The aqueous extracts were then prepared

1800 Suat Ekin et al.



daily in physiological saline. The prepared extract was used

to assess cardioprotective and hepatoprotective properties.

3.4. Determination of Metals in Liver and Heart Tissues

Lead (Pb), nickel (Ni), cadmium (Cd), selenium (Se),

manganese (Mn), zinc (Zn), iron (Fe), cobalt (Co), copper

(Cu), chromium (Cr), magnesium (Mg), sodium (Na), cal-

cium (Ca), potassium (K) measurements in liver and heart

tissue samples were performed using ICP-OES

(Thermo-iCAP, 6300). Metal concentrations were measured

with wet weight. Metal determination was performed with

reference materials of multi-element (IV Stock 8 inorganic

ventures).

3.5. Preparation of Heart and Liver Homogenates

Liver and heart tissues were washed with physiological

saline (sodium chloride 0.9%), and the tissue samples were

kept at –64°C until determination. Tissue homogenates was

prepared according to the method of Xia, et al. [12].

Supernatant was used to determine GSH and MDA analysis.

3.6. Serum Sample Preparation

Blood samples were obtained by the intracardiac

method. The serum was separated by centrifugation at 500 g

at 4°C for 15 min and collected serum samples kept at –64�C

until all experimental procedures were carried out.

3.7. Biochemical Parameters

Biochemical parameter measurements, namely, glucose,

lactate dehydrogenase (LDH), albumin (ALB), alanine

transaminase (ALT), aspartate transaminase (AST), total

cholesterol (TC), triglyceride (TG), low-density lipoprotein

cholesterol (LDL-C), HDL-C (high-density lipoprotein cho-

lesterol) were determined at the laboratory of the Van YYU,

Medicine Faculty, Department of Pharmacology by kit meth-

ods using a biochemical autoanalyzer (Vitros DT 60 II) in ac-

cordance with the manufacturer’s instructions.

3.8. GSH and MDA in Heart and Liver Tissue

The GSH levels of the heart and liver tissues were mea-

sured at 412 nm according to the method of Rizzi, et al. [13].

Data are presented as µmol/g protein. Malondialdehyde

(MDA) levels of the heart and liver tissues were determined

using the modified method by Jain, et al. [14], and recorded

at 532 nm. Values were presented as �mol/g protein.

3.9. Total Protein Concentration Determination

Total protein levels of heart and liver tissue homogenates

was measured according to the standard method of Lowry, et

al. [15] and estimated at 695 nm.

3.10. Analysis of Vitamins (A, E, D, and K) in Serum

The serum samples were prepared according to the

method determined by Su, et al. [16]. The chromatographic

system used consisted of ALS autosampler G1329 (–8°C)

and HP-Agilent (1100) with a diode array detector (G-1328).

Separation was performed using a GL-Science, 5-�m C
18
re-

versed phase column (250 � 4.6 mm). The mobile phase of

the methanol-tetrahydrofuran mixture (80/20) was described

by Siluk, et al. [17]. The chromatogram was observed at 325,

290, 265, and 248 nm for the simultaneous measuring of

retinol, cholecalciferol, �-tocopherol, and phylloquinone.

3.11. TSA and LSA Analysis

Serum concentration of TSAwere measured according to

the method reported by Sydow [18]. The optical density was

measured at 525 nm. Serum LSA level was measured using

the method described by Katopodis, et al. [19], as 580 nm.

3.12. Statistical Evaluation

The results are presented as means � standard error of

the means (X � SEM). The Kruskal–Wallis or ANOVA test

was performed for statistical analysis, and then, Tukey’s test

was performed for post hoc comparisons of means. Statisti-

cal significance was regarded as p < 0.05. The statistical

evaluation was conducted using the statistical software SPSS

v23, (Chicago, USA).

4. RESULTS AND DISCUSSION

The present study was conducted to determine the con-

tent of phytochemicals (caffeic acid and p-coumaric acid) as

well as the in vitro biological activity of R.PS fruits and the

possible in vivo cardioprotective and hepatoprotective prop-

erties of aqueous extract of R.PS fruits on trace elements

(Cd, Se, Ni, Zn, Fe, Cu, Co, Cr, Mn, Pb), minerals (Na, K,

Ca, Mg), GSH, and MDA in heart and liver tissue samples,

serum vitamin (retinol, �-tocopherol, phylloquinone, chole-

calciferol), LSA and TSA, and some biochemical parameters

(LDH, AST, ALT, albumin, total cholesterol, glucose, HDL,

LDL, triglyceride) in a rat model of isoproterenol-induced

oxidative damage.

The presence of the caffeic acid, p-coumaric acid,

chlorogenic acid, ferulic acid, 2-hydroxycinnamic acid,

protocatechuic acid, rutin, sinapic acid, and vanillic acid was

investigated in the R.PS fruit extract by using HPLC. The

chlorogenic acid, p-coumaric acid, ferulic acid, caffeic acid

have been identified in the extract, but, owing to the fact that

the amount of chlorogenic acid and ferulic acid was below the

LOQ, their amount cannot be calculated. Retention times, lin-

ear relations between concentrations and peak areas, test

ranges, LOD, LOQ, RSD%, spike recovery values, and the

caffeic acid and p-coumaric acid levels were given in Table 1.

Figures 1, 2, and 3 illustrate at 320 nm the chlorogenic

acid, caffeic acid, sinapic acid, ferulic acid, and p-coumaric

acid and at 265 nm 2-hydroxycinnamic acid, protocatechuic

acid, vanillic acid, and rutin chromatograms.

Among the investigated phenolics, 2-hydroxycinnamic

acid, protocatechuic acid, rutin, sinapic acid, and vanillic

acid were not found in the R.PS fruit, whereas caffeic acid

and p-coumaric acid were detected using the RP-HPLC

method. The HPLC chromatograms of phenolic compounds

Phenolic Contents, Enzyme Inhibitory Activities 1801



are shown in Figs. 1, 2, and 3. In the results of RP HPLC

analysis, caffeic acid and p-coumaric acid were found to be

the important components of R.PS fruit extracts as

6.01 � 0.0006 and 3.93 � 0.007 mg/100 g dry weight. When

the results were assessed, it was observed that R.PS fruit con-

sist of caffeic acid and p-coumaric acid at significant levels.

�-Glucosidase and �-amylase were compared with the

reference drug acarbose (97.62 � 0.30% at 2000 �g/mL) and

(83.35 � 1.66%, at 2000 �g/mL), and for pancreatic lipase

inhibitory activity orlistat was used (71.16 � 3.56% at

1 �g/mL). �-Glucosidase inhibitory activity was found to be

62.58 � 2.78%, at 2000 �g/mL. Pancreatic lipase and �-am-

ylase inhibitory activity were not detected in R.PS fruit, at

2000 �g/mL. The inhibitory activity on �-glucosidase en-

zyme was about two times lower than that of acarbose. While

assessing the results, it was shown that R.PS fruit have low

inhibitory activity (IC
50
= 1311 �g/mL) in �-glucosidase en-

zyme in comparison with the reference, acarbose

(IC
50
= 0.510 �g/mL). Our findings that showed R.PS fruit

have a strong inhibitory effect on the enzyme �-glucosidase.

TABLE 2 demonstrates retinol, �-tocopherol,

phylloquinone, cholecalciferol, TSA, LSA, LDH, AST, ALT,

albumin, total cholesterol, glucose, HDL, LDL, and

triglyceride in controls, and administration with ISP

100 mg/kg bodyweight, ISP 100 mg/kg bodyweight + R.PS

300 mg/kg bodyweight, and R.PS 300 mg/kg bodyweight

groups in serum samples.

The effects of ISP and R.PS administration on trace ele-

ments (Cd, Se, Ni, Zn, Fe, Cu, Co, Cr, Mn, Pb), minerals

(Na, K, Ca, Mg), GSH, and MDA levels in heart and liver tis-

sue samples of controls and ISP 100 mg/kg bodyweight, ISP

100 mg/kg bodyweight and R.PS 300 mg/kg bodyweight,

and (300 mg/kg bodyweight R.PS) groups were presented in

Table 3.

Atherosclerosis is considered a chronic inflammatory

process and is affected by several events, such as oxidative

stress caused by the excessive ROS generation [20]. These

1802 Suat Ekin et al.

TABLE 2. The mean TSA, LSA, �-tocopherol, retinol, cholecalciferol, phylloquinone, LDH, AST, ALT, albumin, total cholesterol, glucose,

HDL-C, LDL-C, triglyceride levels in controls, and administration with ISP, ISP+R. PS, and R. PS groups in serum samples

Parameters
Control

X � SEM

ISP

X � SEM

ISP+R. PS

X � SEM

R. PS

X � SEM

�-Tocopherol (�mol/L) 0.94 � 0.026 0.75 � 0.035
a

0.78 � 0.045 0.95 � 0.068
a

Retinol (�mol/L) 2.85 � 0.072
a

2.62 � 0.044
a

2.79 � 0.086 2.86 � 0.046
a

Cholecalciferol (�mol/L) 0.67 � 0.072 0.53 � 0.064 0.56 � 0.068 0.66 � 0.075

Phylloquinone (�mol/L) 0.79 � 0.079 0.69 � 0.083 0.71 � 0.092 0.81 � 0.061

TSA (mmol/L) 2.06 � 0.049
b

2.35 � 0.057
a, b

2.25 � 0.048 2.10 � 0.056
a

LSA (mmol/L) 0.80 � 0.062
a

1.21 � 0.16
a

0.85 � 0.054 0.79 � 0.055
a

LDH (U/L) 995.50 � 184
b

1739.20 � 88.59
b

1396.67 � 179.45 959.25 � 130.32
b

AST (U/L) 94.57 � 4.15
a, b

164.40 � 20.86
b

139.25 � 13.81 138.86 � 6.93
a

ALT (U/L) 38.57 � 2.09 46.60 � 2.06
a

37.50 � 3.12 36.14 � 2.20
a

Albumin (g/dl) 3.82 � 0.12
a, c

2.60 � 0.11
c

3.06 � 0.055
a

3.02 � 0.44
a

Total Cholesterol (mg/dL) 72.92 � 1.92
b, c

103.73 � 2.66
c

93.32 � 6.93
b

84.40 � 5.62

Glucose (mg/dL) 159.75 � 6.14 194.83 � 8.56 185.20 � 4.19 179.29 � 17.69

HDL-C (mg/dL) 44.45 � 3.42 29.06 � 2.23 35.47 � 6.65 42.26 � 5.42

LDL-C (mg/dL) 19.17 � 5.09
b

58.87 � 7.64
b

48.23 � 4.36 32.38 � 5.53

Triglyceride (mg/dL) 44.17 � 4.83
b

74.80 � 4.12
a, b

49.60 � 3.75
b

48.50 � 6.50
a

Cholesterol/HDL 1.69 � 0.14
a, c

3.59 � 0.18
b, c

2.87 � 0.45
a

2.09 � 0.20
b

a
p < 0.05,

b
p < 0.01,

c
p < 0.001, (different letters indicate significant differences between groups).

TABLE 1. Retention times, linear relationships between peak areas and concentrations, test ranges, LOD, LOQ, precision, and recovery values

of Rosa pisiformis

Compound
X � SEM

(mg/100g dry extract)

RT

(min)
Standard curve R

2 Test range

(ppm)

LOD

(ppm)

LOQ

(ppm)

RSD

%

Recovery

(%)

Caffeic acid 6.0127 � 0.00066 17.762 y = 130.70x – 8.78 0.99 0.3 – 50 0.096 0.292 1.74 110.53 – 119.69

p-Coumaric acid 3.9353 � 0.0068 24.753 y = 183.59x + 10.20 0.99 0.1 – 50 0.033 0.100 1.67 80.70 – 102.62



ROS caused a direct injury to vascular cells and

cardiomyocytes and may trigger a series of local chemical

reactions that increase the initial ROS-mediated cardiac

myocyte dysfunction [3]. The metabolism of ISP produces

quinones that react with oxygen to form hydrogen peroxide

and superoxide anions, causing oxidative stress and degrada-

tion of the endogenous antioxidant system [21].

Lim, et al. [22] examined the cardioprotective effect of

Korean red ginseng extracts (500 mg/kg) on serum samples

taken from rats. They observed that serum LDH, AST, ALT,

and heart tissue MDA levels were significantly elevated in

ISP-administered alone group (for all p < 0.01). Another

study by Suchal, et al. [23] evaluated serum LDH and heart

tissue MDA, and GSH levels in rats administered ISP and re-
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TABLE 3. The mean trace elements (Cu, Zn, Se, Fe, Mn, Cr, Co, Cd, Ni, Pb), minerals (Ca, Mg, K, Na), MDA, and GSH levels in controls, ad-

ministration with ISP, ISP+R. PS, and R. PS groups in heart and liver tissue samples

Tissue

Samples
Parameters

Control

X � SEM

ISP

X � SEM

ISP+R. PS

X � SEM

R. PS

X � SEM

Heart Cu (�mol/kg) 3.08 � 0.12
a

2.34 � 0.14
a, b

2.72 � 0.20 3.03 � 0.11
b

Zn (�mol/kg) 26.06 � 1.52
a

20.13 � 1.24
a

23.87 � 1.15 26.21 � 0.79
a

Se (�mol/kg) 0.28 � 0.017
a

0.19 � 0.014
a.b

0.23 � 0.016 0.27 � 0.017
b

Fe (�mol/kg) 36.49 � 2.82 29.62 � 1.57 33.02 � 3.39 35.31 � 1.62

Cr (�mol/kg) 0.68 � 0.28 0.46 � 0.043 0.53 � 0.067 0.63 � 0.063

Mn (�mol/kg) 0.58 � 0.027
b

0.45 � 0.030
b

0.52 � 0.042 0.57 � 0.034
b

Co (�mol/kg) 0.45 � 0.020
b

0.37 � 0.021
b

0.42 � 0.018 0.44 � 0.022

Cd (�mol/kg) 0.19 � 0.011 0.20 � 0.011 0.20 � 0.0084 0.19 � 0.0091

Ni (�mol/kg) 0.56 � 0.068 0.58 � 0.055 0.55 � 0.054 0.55 � 0.061

Pb (�mol/kg) 0.31 � 0.034 0.29 � 0.035 0.30 � 0.033 0.31 � 0.043

Mg (mmol/kg) 17.26 � 0.93
b

14.63 � 0.61
b

16.77 � 0.42
b

17.19 � 0.45
b

Ca (mmol/kg) 0.53 � 0.030 0.42 � 0.040 0.49 � 0.051 0.52 � 0.032

K (mmol/kg) 4.26 � 0.25 3.45 � 0.28 3.48 � 0.21 4.15 � 0.13

Na (mmol/kg) 1.76 � 0.055
c

1.35 � 0.069
c

1.59 � 0.077 1.77 � 0.088
c

MDA (nmol/mg protein) 1.19 � 0.026
a, b

1.32 � 0.027
a

1.28 � 0.015
b

1.19 � 0.021
a, b

Liver GSH (�mol/g protein) 1.65 � 0.043
b

1.45 � 0.065
b

1.55 � 0.046 1.49 � 0.048

Cu (�mol/kg) 7.72 � 0.29
b

6.79 � 0.20
b

6.81 � 0.23 7.66 � 0.26

Zn (�mol/kg) 80.65 � 2.94
a

65.66 � 3.36
a

73.48 � 2.63 79.61 � 2.46
a

Se (�mol/kg) 0.51 � 0.022
b

0.43 � 0.026
b

0.47 � 0.019 0.49 � 0.023

Fe (�mol/kg) 72.61 � 2.78 66.15 � 2.15 67.18 � 2.83 69.01 � 2.59

Cr (�mol/kg) 0.79 � 0.031
b

0.69 � 0.029
b

0.71 � 0.019 0.78 � 0.025
b

Mn (�mol/kg) 3.91 � 0.21 3.49 � 0.20 3.86 � 0.24 3.87 � 0.23

Co (�mol/kg) 0.77 � 0.072 0.58 � 0.073 0.71 � 0.071 0.75 � 0.057

Cd (�mol/kg) 0.32 � 0.017 0.31 � 0.041 0.33 � 0.029 0.30 � 0.038

Ni (�mol/kg) 1.56 � 0.077 1.57 � 0.071 1.59 � 0.064 1.56 � 0.062

Pb (�mol/kg) 0.36 � 0.032 0.35 � 0.036 0.35 � 0.026 0.34 � 0.024

Mg (mmol/kg) 27.09 � 0.60
a

23.39 � 1.04
a

24.97 � 0.90 27.16 � 0.52
a

Ca (mmol/kg) 1.67 � 0.033 1.58 � 0.033 1.61 � 0.027 1.67 � 0.023

K (mmol/kg) 8.15 � 0.29 7.23 � 0.33 7.69 � 0.39 8.07 � 0.24

Na (mmol/kg) 5.14 � 0.34 4.13 � 0.43 4.60 � 0.42 5.14 � 0.27

MDA (nmol/mg prot.) 1.23 � 0.081 1.48 � 0.061 1.39 � 0.11 1.26 � 0.068

GSH (�mol/g prot.) 2.95 � 0.21 2.66 � 0.17 2.87 � 0.27 2.99 � 0.32

a
p < 0.01,

b
p < 0.05,

c
p < 0.001 (different letters indicate significant differences between groups).



ported that the concentrations of serum LDH and heart tissue

MDA significantly (p < 0.001, p < 0.001) higher than those

of the control group and GSH lower than the control group

(p < 0.001). Othman, et al. [24] examined the serum samples

taken from total cholesterol, triglycerides, LDL, LDH, and

ALT in ISP-induced rats and observed that they were signifi-

cantly (p < 0.05, p < 0.05, p < 0.05, p < 0.05, and p < 0.05)

increased when comparing with control groups, whereas

there was a significant decrease in HDL-C level (p < 0.01).

Hussain, et al. [25] determined that there was a signifi-

cant increase in serum LDH, ALT, AST enzyme activities,

and heart tissue Ca and Na (p < 0.05, p < 0.05, p < 0.05,

p < 0.05, p < 0.05) in ISP-treated rats groups when compared

with control groups. By contrast, there were decreased levels

of K (p < 0.05) and reduced glutathione (p < 0.05) in the ISP

rat group. Khan, et al. [26] reported that serum LDH, choles-

terol, triglyceride, LDL, and heart MDA levels were signifi-

cantly higher (p < 0.01, p < 0.01, p < 0.01, p < 0.01,

p < 0.01) in ISP-administered rat groups than in the control

group; in contrast, GSH and HDL level had decreased signif-

icance (p < 0.01, p < 0.01) in ISP-caused myocardial infarc-

tion in rats compared with the control group.

In the present study, the statistical analysis demonstrated

clearly that Na and GSH levels of the heart tissue were lower

in the ISP group than in the control group (p < 0.001,

p < 0.05). Otherwise, the ISP group was also significantly el-

evated compared with the control group regarding MDA,

LDH, AST, cholesterol, triglyceride, and LDL level

(p < 0.01, p < 0.01, p < 0.01, p < 0.001, p < 0.01, p < 0.01),

whereas the R.PS group had an increased level of Na com-

pared with the ISP group (p < 0.001). Similarly, the

ISP+R.PS group had a significantly higher level of MDA and

cholesterol levels than the control group (p < 0.05, p < 0.01).

The ISP + R.PS group was also significantly lower than the
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Fig. 1. HPLC chromatogram of the phenolic compounds at 320 nm.

Fig. 2. HPLC chromatogram of the phenolic compounds at 265 nm.



ISP group with regard to triglyceride (p < 0.01). However,

the ISP group had a significantly higher level of MDA, LDH,

ALT, and triglyceride than the R.PS group (p < 0.01,

p < 0.01, p < 0.05, p < 0.05) in heart tissue and serum sam-

ples of rats. The level of AST concentrations was signifi-

cantly elevated between the R.PS and control groups

(p < 0.05).

In this study, the significant increase in triglyceride,

LDL-C, total cholesterol, LDH, AST, ALT, and heart tissue

MDA levels were consistent with those of other studies

[22 – 26]. Our present results, the significant reduction in

GSH and HDL-C levels in ISP-induced rats were agreement

with the values obtained by other studies [23 – 26]. Another

publication [25] did not support the findings of elevated Na

and Ca values in an ISP-administered rat group. However, the

decrease in K does agree with the data of Hussain, et al. [25].

As a result of in vivo studies on cardiac function negative

effects, isoproterenol (ISP), a synthetic adrenoreceptor ago-

nist properties is a substance on the study application with

ISP, compared with controls, statistically increase TSA,

LSA, MDA, LDH, AST, total cholesterol, LDL, triglyceride,

cholesterol/HDL and decrease Cu, Zn, Se, Mn, Co, Mg, Na,

GSH, retinol, albumin shown to have negative effects of the

ISP significant in terms of statistical results. The increase in

cholesterol, total lipids, and triglycerides in the serum lipid

profile can also be attributed to an increase in lipid

peroxidation. Our study clearly demonstrated that rats treated

with the R.PS fruit extract have hypolipidemic potency.

In rats ISP myocardial infarction, there was a reduction

in the marker enzymes LDH, CPK, and AST activities in the

heart homogenate, followed by an elevation in their serum

levels. These results confirmed the beginning of myocardial

necrosis and leaking of the marker enzymes from the heart

into the blood [27]. Hyperlipidemia, in particular, increased

serum LDL-C levels and has been demonstrated to be a risk

factor for cardiovascular disease [28]. In the current study,

ISP increased oxidative damage in the heart of rats, resulting

in a reduction in tissue GSH, and an increase in tissue MDA,

serum LDL-C, AST, and LDH. Hyperglyceridemia and in-

creased total cholesterol/HDL ratio indicate an increased risk

of cardiovascular disease.

According to the statistical analysis, Cu, Se, Zn, Mg, and

GSH levels were significantly lower in the heart tissue of the

ISP group than in that of the control group (p < 0.01,

p < 0.01, p < 0.01, p < 0.05, p < 0.05 respectively), whereas,

Zn, Cu, and Mg were increased in the R.PS group compared

with the ISP group (p < 0.05, p < 0.01, p < 0.05). Otherwise,

Mg level was significantly higher in the ISP + R.PS group

than in the ISP group (p < 0.05). The result of this study indi-

cated that the R.PS fruit has positive effects on the levels of

Mg and triglycerides, when there is a statistically significant

difference between the ISP and the ISP + R.PS groups. In

conclusion, our study has clearly shown that the fruits of

R.PS may be used to prevent and treat various cardiovascular

diseases.

It was found that R.PS fruit aqueous extract (300 mg/kg

bodyweight) had a strong effect on oxidative damage. The

results show that the R.PS (300 mg/kg bodyweight) aqueous

extract had a significant anti-cardiotoxic and anti-hepato-

toxic effect on ISP-induced heart and liver toxicity in vivo.

Treatment with R.PS (300 mg/kg bodyweight) also resulted

in significant normalization of the Zn, Mn, Co, Mg, and Na

levels in the heart and the Zn and Mg levels in liver tissue

samples.

Trace elements such as Cu and Co may contribute to

myocardial dysfunction. It has been shown that the onset of

cardiac dysfunction in Cu deficiency is rapid, when the Cu

level of the liver has decreased [29]. Several experimental, ep-

idemiological, and clinical studies have established the role of

Mg
2+
in the pathogenesis of cardiovascular disorders [30].

In the chronically developed CHD, decreased Se levels

have led to inadequate prevention of LDL oxidation through
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Fig. 3. HPLC chromatogram of the Rosa pisiformis extract at 320 nm.



uptake by macrophages and endothelial cells [31]. Zn defi-

ciency correlates directly with oxidative stress. Therefore,

control and regulation of the intracellular Zn content is es-

sential with involvement of different transporter and

Zn-binding proteins, such as metallothionein [32].

A reduction in �-tocopherol may result from the in-

creased consumption of �-tocopherol in scavenging the pro-

duced oxyradicals, or endogenous antioxidants, because of

an interaction between �-tocopherol and these compounds

[33]. In the present study, the statistical analysis clearly

shows that comparing between ISP and R.PS fruit groups in-

dicated that the ISP group had a significantly lower level of

�-tocopherol than the R.PS fruit group (p < 0.05).

The fruit extracts of R.PS had an apparently high enzyme

inhibitory activity of �-glucosidase. To clarify the important

antioxidant status of the plant, phenolic compounds such as

p-coumaric acid and caffeic acid were quantitatively mea-

sured using RP-HPLC. The results indicated that caffeic acid

and p-coumaric acid were the important constituents of the

fruit extracts. As a result of an in vivo study, it was found that

R.PS fruits (300 mg/kg bodyweight) may have a positive ef-

fect on rat cardiac tissue, with the damage caused by ISP

having a deleterious effect on cardiac and hepatic functions.

We can thus suggest that the constituents of the fruits of

R.PS, particularly caffeic acid and p-coumaric acid might be

in charge of the altered biochemical variables in the heart and

liver tissues, as well as the biological activity of R.PS ob-

served in this study.

In the present study, ISP caused increased oxidative dam-

age in the hearts of rats, which was confirmed by an increase

in LDL-C, LDH, total cholesterol, triglyceride, and choles-

terol/HDL ratio. Owing to the treatment with R.PS fruits,

these parameters were reduced. It was found that R.PS shows

lipid-lowering potential. Furthermore, R.PS (300 mg/kg

bodyweight) treatments successfully resulted in an improve-

ment of Zn, Mn, Co, Mg, and Na content in heart tissue. The

phytochemical composition is responsible for the pharmaco-

logical effects of R.PS fruit, containing caffeic and

p-coumaric acid. R.PS (300 mg/kg bodyweight) has antioxi-

dant and hypolipidemic properties that could protect against

myocardial damage.
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