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Abstract: Citrus medica L. commonly known as Otroj, is an important medicinal plant 

reputed for its nutritious and therapeutic uses. The present work was undertaken to 

investigate the protective effect of the ethanolic extract of otroj (EEOT) against 

isoproterenol (ISO)-induced cardiotoxicity in rats. In addition, the antioxidant activity and 

the phenolic and flavonoidal contents were determined. Rats were administered EETO 

(250 and 500 mg/kg) or vehicle orally for 15 days along with ISO (85 mg/kg, s.c.) on the 

14th and 15th day. ISO induced cardiac dysfunction, increased lipid peroxidation and 

alteration of myocyte-injury specific marker enzymes. ISO also showed an increase in 

levels of plasma cholesterol, triglycerides (TG), LDL-C, and VLDL-C. Moreover, the 

histological investigations showed myocardial necrosis and inflammation. EETO treatment 

brought the above parameters towards normal level. Moreover, in vitro DPPH radical 

scavenging and β-carotene-linoleic acid tests of the EEOT exhibited a notable antioxidant 

activity in both assays used. In addition, histopathological examination reconfirmed the 
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protective effects of EEOT. Thus, the present study reveals that C. medica alleviates 

myocardial damage in ISO-induced cardiac injury and demonstrates cardioprotective 

potential which could be attributed to its potent antioxidant and free radical  

scavenging activity. 

Keywords: cardioprotective; Citrus medica; antioxidant; oxidative stress; lipid peroxidation; 

cardiac dysrhythmia 

 

1. Introduction 

According to an earlier estimation of the World Health Organization (WHO), about 17 million 

people die every year due to cardiovascular disease (CVD) [1]. Cardiovascular diseases are directly or 

indirectly responsible for oxidative damage, which causes an insufficient blood supply to the 

myocardium, leads to myocardial infarction (MI) or heart attack [2]. Despite improvement in clinical 

care and better awareness, MI still remains the leading cause of mortality in the world [3]. 

Isoproterenol (ISO), a synthetic nonselective β-adrenoceptor agonist is well accepted rat model to 

induce myocardial infarction in order to evaluate several cardiac dysfunctions in laboratory animals. 

The pathophysiological and morphological changes of ISO-induced myocardial changes are similar to 

those observed in human with MI [4]. 

Citrus medica L. “Otroj” (Brain citron), is a member of Rutaceae family. Citrus fruits in general 

have long been known to contain many important nutritious components such as phenolics, flavanones, 

ascorbic acid (vitamin C), and pectin, which are recognized as potent antioxidants [5]. Previously and 

reported that several species of Citrus peels have exerted antioxidant effects, has been reported to 

possess stress-induced antipeptic ulcer potential [6]. Earlier, Citrus medica peel extract has  

shown potent anti-inflammatory and pain reducing activity in rats [5]. In Arab traditions, Unani and 

Ayurvedic medicine, otroj peel and whole fruit are used as carminative, stomachic, cardiotonic, 

refrigerant, and as an appetizer. Moreover, it has been described that otroj is beneficial in the 

induration of the spleen tumors [7]. However, there is no scientific report available in the literature 

about the Citrus medica whole fruit (which is consumed in traditional medicine) on its usefulness in 

heart ailments. Therefore, in the present investigation, an attempt has been made to explore the 

possible in vivo cardioprotective and in vitro antioxidant potential of ethanol extract of the whole fruit 

of Citrus medica in rats against isoproterenol-induced cardiac disturbances. 

2. Experimental Section 

2.1. Animals 

Male Wistar albino rats, 12 weeks of age, weighing 150–170 g, obtained from the Experimental 

Animal Care Center, College of Pharmacy, King Saud University, Riyadh, Saudi Arabia were used in 

the experiments. The animals were kept at a constant temperature (22 ± 2 °C), humidity (55%) and 

light-dark conditions (12/12 h light/dark ratio). The animals were provided with Purina chow diet and 

drinking water ad libitum. The conduct of experiments and the procedure of sacrifice (using ether) 
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were approved by the Ethics Committee of the Experimental Animal Care Center, College of Pharmacy, 

King Saud University, Riyadh, Saudi Arabia. 

2.2. Plant Material and Preparation of Extract 

The fruits of Citrus medica “otroj” were purchased from the local vegetable market in Riyadh and 

its identity was confirmed by Dr. M. Yusuf, Taxonomist of the Department of Pharmacognosy, College of 

Pharmacy, King Saud University, where a voucher specimen (No. 7262) of the sample has been kept in 

the Herbarium. The otroj fruits were cut into small pieces and dried in the drying room. The dried 

whole fruit (500 g) was coarsely powdered and macerated in 3 L of 96% ethanol for 72 h using the 

percolation method. The solvent was then removed at 40 °C under reduced pressure in a rotavapor. 

The ethanolic extract of otroj (EEOT) was then suspended in distilled water just before its 

administration to the animals. 

2.3. Acute Toxicity Test 

The acute toxicity of the ethanol extract of the whole fruit of Citrus medica was evaluated in rats. 

Six female rats (weight: 180–200 g) received a single high dose of EEOT (2 g/kg orally) by gavage. 

The animals were observed for toxic symptoms continuously for the first 4 h after dosing. Finally, the 

number of survivors was noted after 24 h and these animals were then maintained for a further 13 days 

with daily observation [8]. 

2.4. Induction of Myocardial Disturbance 

Experimental myocardial disturbance was induced by injecting isoproterenol hydrochloride (ISO) 

(dissolved in physiological solution) subcutaneously to rats at a dose of 85 mg/kg daily for  

two consecutive days [9]. To test the effect of Citrus medica extract on isoproterenol-induced cardiac 

disturbances, the animals were divided into four groups. Group 1 was the control administered saline 

only and group two was administered isoproterenol. Groups three and four were treated with  

Citrus medica alcoholic extract in doses of 250 and 500 mg/kg, respectively, for 15 days. Isoproterenol 

was administered (s.c.) on days 14 and 15. The animals were then anaesthetized with urethane  

(1.25 g/kg i.p) after the second dose of isoproterenol on day 15 and prepared for measurement of the 

ECG (Progetti ECG machine, Trofarello, Italy) from lead II as described before [10]. 

2.5. Preparation of Cardiac Tissue Homogenate 

At the end of the ECG recordings, blood was removed from the orbital sinuses to perform the 

biochemical test and then the animals were operated surgically to remove the hearts, which were 

washed with ice cold saline and homogenized in 0.15 M KCl solution in water. Heart tissues were 

immediately removed and washed with ice cold saline and homogenized in the appropriate buffer in a 

tissue homogenizer. 
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2.6. Estimation of Marker Enzymes 

Levels of plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST) [11],  

lactate dehydrogenase (LDH) [12], and creatine kinase (CK) [13] were then estimated using  

Reflotron® Plus Analyzer and Roche Diagnostic Kits (Roche Diagnostics GmbH, Mannheim, Germany). 

2.7. Estimation of Lipid Profile 

The total cholesterol (TC) [14], triglycerides (TG) [15], and high-density lipoproteins (HDL-C) [16] 

were estimated in plasma using the Refloton instrument of the specific kits (Roche Diagnostics GmbH, 

Mannheim, Germany). 

2.8. Lipid Peroxidation (LPO) Determination 

The method reported by Utley et al. [17] was followed. The heart tissue was homogenized in  

0.15 M KCl (at 4 °C, Potter-Elvehjem type C homogenizer) to give a 10% w/v homogenate.  

Aliquots of homogenate (1 mL) were incubated at 37 °C for 3 h in a metabolic shaker. Following this, 

1 mL of 10% aqueous trichloroacetic acid (TCA) was added and mixed. The mixture was then 

centrifuged at 800 g for 10 min. Following this, supernatant (1 mL) was mixed with 1 mL of 0.67% 

thiobarbituric acid and placed in a boiling water bath for 10 min. The mixture was cooled and diluted 

with 1 mL distilled water. The absorbance of the solution was then read using spectrophotometer 

(UVmini-1240, Shimadzu Italia, Milano, Italy) at 532 nm. The content of malondialdehyde (MDA) 

(nmol/g wet tissue) was then calculated, by reference to a standard curve of MDA solution. 

2.9. Estimation of Non-Protein Sulfhydryl Groups (NP-SH) 

Cardiac NP-SH was measured according to the method of Sedlak and Lindsay [18]. The heart was 

homogenized in ice-cold 0.02 M ethylene diamine tetraacetic acid (EDTA). Aliquots of 5 mL of the 

homogenates were mixed in 15 mL test tubes with 4 mL of distilled water and 1 mL of 50% TCA.  

The tubes were shaken intermittently for 10 min and centrifuged at 3000 rpm. Two milliliters  

of supernatant were mixed with 4 mL Tris buffer (0.4 mol/L, pH 8.9) and 0.1 mL of  

5,5′-dithio-bis(2-nitrobenzoic acid) (DTNB) and the sample was shaken. The absorbance was read 

within 5 min of addition of DTNB at 412 nm against a reagent blank. 

2.10. Determination of Total Protein (TP) 

The TP was estimated by the kit method, supplied by Crescent Diagnostics, Jeddah, Saudi Arabia. 

The absorbance of this complex at 546 nm is proportional to the protein concentration. The serum total 

protein was calculated using the equation: 

Serum total protein = Abssample/Absstandard × concentration of standard (1)
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2.11. Histopathological Studies 

The heart tissues were fixed in 10% buffered formalin and processed using a VIP tissue processor. 

The processed tissues were then embedded in paraffin blocks and sections of about 5 μm thickness 

were cut by employing an American optical rotary microtome. These sections were stained  

with hematoxylin and eosin using routine procedures [19]. The slides were examined for 

pathomorphological changes. 

2.12. Studies of the in Vitro Antioxidant Activity 

2.12.1. Scavenging Activity of DPPH Radical 

The radical scavenging ability of the EEOT against DPPH was evaluated as previously  

described [20]. In the presence of an antioxidant which can donate an electron to DPPH, the purple 

color, typical for free DPPH radical decays, and the change in absorbency at λ = 517 nm was 

measured. The test provides information on the ability of a compound to donate a hydrogen atom, on 

the number of electrons a given molecule can donate, and on the mechanism of antioxidant action.  

The extract was redissolved in methanol and various concentrations (10, 50, 100, 500, and  

1000 μg/mL) of the extract, 125 μL prepared DPPH (1 mM in methanol) and 375 μL solvent 

(methanol) were added. After 30 min incubation at 25 °C, the decrease in absorbance was measured at 

λ = 517 nm. The radical scavenging activity was calculated from the equation: 

% of radical scavenging activity = Abscontrol − Abssample

Abscontrol
× 100 (2)

2.12.2. β-Carotene-Linoleic Acid Assay 

The antioxidant activity of the crude extract was evaluated using the β-carotene bleaching method 

described and modified by Mothana [21]. One milliliter of a 0.2 mg/mL β-carotene solution in 

chloroform was added to flasks containing 0.02 mL of linoleic acid and 0.2 mL of Tween-20.  

The chloroform was removed at 40 °C using a rotary evaporator. The resultant mixture was 

immediately diluted with 100 mL of distilled water and mixed for 1–2 min to form an emulsion.  

A mixture prepared similarly but without β-carotene, was used as a blank. A control containing 0.2 mL 

of 80% (v/v) methanol instead of extract was also prepared. A 5 mL aliquot of the emulsion was added 

to a tube containing 0.2 mL of the sample extract at 1 mg/mL. Rutin (1 mg/mL) was used as a 

standard. The tubes were placed in a water bath at 40 °C for 2 h. Absorbance was read at 470 nm at  

15 min intervals. The antioxidant activity was calculated using the equation: 

% of antioxidant activity = 1 − (Abs0 − Abst)/(Abs0
° − Abst

°) × 100 (3)

where, 0Abs  and 0Abs°  are the absorbance values measured at zero time of incubation for sample 

extract and control, respectively. 

tAbs  and tAbs°  are the absorbance values for sample extract and control, respectively, at t = 120 min. 
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2.13. Total Phenolic Content 

The Folin-Ciocalteu method was used to determine the total phenolic content (TPC) of the extract 

according to [22]. Values of TPC were estimated by comparing the absorbance of each sample with  

a standard response curve generated using gallic acid (0, 12.5, 25, 50, 100, and 200 µg/mL).  

The results were expressed as mg gallic acid equivalents (GAE)/100 g of the extract. All the 

measurements were taken in triplicate and the mean values were calculated. 

2.14. Total Flavonoid Content 

The total flavonoid content was determined by using a colorimetric assay according to  

Djeridane et al. [23]. Briefly, an aliquot of 1 mL of EETO solution or standard solution was mixed 

individually with the same volumes of solution of 2% aluminum chloride (AlCl3) allowed standing at 

room temperature for 10 min. The absorbance was then read at 415 nm. A calibration curve was 

prepared with quercetin and the results were expressed as mg quercetin equivalents (CE)/100 g of  

the extract. 

2.15. Statistical Analysis 

Values are given as arithmetic means ± standard error of the mean (S.E.M). The data were 

statistically analyzed by using a one-way analysis of variance (ANOVA), followed by Dunnett’s t-test. 

3. Results 

3.1. Acute Toxicity Test 

No toxicity symptoms (e.g., convulsions, myosis, mydriasis, diarrhea, increasing respiration, 

urination, and muscle relaxation) were recorded. The LD50 value by oral route could not be determined 

as no lethality was observed up to 2.0 g/kg of the EEOT in the animals. 

3.2. Effect of Ethanolic Extract of Otroj (EEOT) on Marker Enzymes 

Table 1 represents the effect of the ethanolic extract of Citrus medica on cardiac marker enzymes 

(ALT, AST, LDH, and CK) of control and test rats. The subcutaneous administration of ISO developed 

a marked myocardiopathy, as evident from significant increase in plasma ALT, AST, LDH, and CK,  

as compared to normal (control) group. The elevated levels of these plasma markers were reduced in 

the animal groups treated with the EEOT in both doses used (250 and 500 mg/kg) (Table 1). Although, 

AST level was declined in the group treated with EEOT at 250 mg/kg dose, it was not found to be 

statistically significant. 

3.3. Effect of EEOT on Lipid Profile 

The levels TC, TG, HDL, LDL, and VLDL levels in serum of control and experimental groups of 

rats are shown in Table 2. Rats treated with ISO showed a significant increase in these levels, except 

that the HDL and VLDL levels were significantly decreased. Treatment of rats with EEOT caused 
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profound decreases in the serum levels of TC, TG, LDL, and VLDL (Table 2). However, a significant 

elevation of HDL level was observed in the extract treated animals. 

Table 1. Effect of Citrus medica (EEOT) on serum marker enzymes of control and 

experimental rats. 

Treatment Group (n = 6) AST (U/L) ALT (U/L) LDH (U/L) CK (U/L) 

Normal control 72.15 ± 2.34 29.28 ± 2.17  84.11 ± 2.62 139.50 ± 4.26 

ISO (85 mg/kg) 166.66 ± 10.61 ***, a 92.13 ± 4.88 ***, a 131.77 ± 4.01 ***, a 198.50 ± 6.14 ***, a

EEOT (250 mg/kg) + ISO 161.16 ± 5.85 b 84.25 ± 5.39 b 118.45 ± 2.86 *, b 171.33 ± 3.58 **, b

EEOT (500 mg/kg) + ISO 137.00 ± 3.44 * 69.11 ± 3.08 **, b 107.22 ± 3.38 ***, b 151.50 ± 3.38 ***, b

The results are expressed as mean ± SD of six rats * p < 0.05; ** p < 0.01; *** p < 0.001; ANOVA, followed by 

Dunnett’s multiple comparison test. a As compared with normal group; b As compared with only ISO only group. 

Table 2. Effect of EEOT on serum lipid metabolism and serum lipoproteins of control and 

experimental rats. 

Treatment Group (n = 6) 
Cholesterol 

(mg/dL) 
Triglycerides (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) VLDL-C (mg/dL)

Normal control 108.84 ± 5.83 58.66 ± 4.66 51.14 ± 2.88 45.96 ± 5.08 11.73 ± 0.93 

ISO (85 mg/kg) 225.17 ± 9.74 *** 121.51 ± 5.46 ***,a 29.68 ± 2.17 ***,a 171.18 ± 9.14 ***,a 24.30 ± 1.09 ***,a

EEOT (250 mg/kg) + ISO 189.11 ± 6.72 * 110.54 ± 6.15 b 42.01 ± 3.65 *,b 124.99 ± 9.65 **,b 22.10 ± 1.23 b 

EEOT (500 mg/kg) + ISO 157.82 ± 6.38 *** 69.19 ± 3.61 ***,b 40.18 ± 2.41 **,b 103.79 ± 6.21 ***,b 13.83 ± 0.72 ***,b

The results are expressed as mean ± SD of six rats, * p < 0.05; ** p < 0.01; *** p < 0.001; ANOVA, followed by 

Dunnett’s multiple comparison test. a As compared with normal group; b As compared with only ISO only group. 

3.4. Effect of EEOT on MDA, NP-SH, and TP 

The results also indicated that injection of ISO resulted in a significant elevation of MDA and a 

significant reduction in NP-SH and TP concentration in heart tissue (Figures 1–3). Treatment of rats 

with EEOT caused a significant attenuation in MDA contents and elevated the NP-SH and TP levels in 

heart muscle (Figures 1–3). 

Figure 1. Effect of EEOT on the concentration of malondialdehyde (MDA) in the heart 

tissue of the rats treated with isoproterenol. 

 
All values represent mean ± SEM. * p < 0.05; *** p < 0.001; ANOVA, followed by Dunnett’s 
multiple comparison test; a As compared with normal group; b As compared with only ISO group. 
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Figure 2. Effect of EEOT on the level of nonprotein sulfhydryl (NP-SH) in the heart tissue 

of the rats treated with isoproterenol. 

 
All values represent mean ± SEM. * p < 0.05; *** p < 0.001; ANOVA, followed by Dunnett’s multiple 
comparison test; a As compared with normal group; b As compared with only ISO only group. 

Figure 3. Effect of EEOT on the level of total protein (T.P.) in the heart tissue of the rats 

treated with isoproterenol. 

 
All values represent mean ± SEM. *** p < 0.001; ANOVA, followed by Dunnett’s multiple 
comparison test; a As compared with normal group; b As compared with only ISO group. 

3.5. Effect of EEOT on Histopathological Evaluation 

Histopathological assessment on the other hand, revealed that in the control group, the myocardium 

of rats had normal cardiac tissue fibers (Figure 4A). The histomorphology of the heart muscle in the 

ISO only treated group were characterized by chronic inflammation, indicating some macrophage with 

mitotic figures in some myocardial cells, indicating myocardial and ischemia (Figure 4B). Effect of 

treatment of rats with EEOT at (250 mg/kg/day) dose plus ISO group was mild nuclear enlargement 

with some damage to myofiber (Figure 4C). Rats pretreated with EEOT + ISO (500 mg/kg/day) 

showed no inflammation, mild residual muscle fiber injury (Figure 4D). 
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Figure 4. Light micrographs showing the effect of Citrus medica extract on myocardial 

cells. (A) normal rats (control group) showing normal myocardial cells, H & E. 200×;  

(B) histological changes after ISO only treated rats (group II) showing inflammation 

including some macrophage with mitotic figures in myocardial cells indicating myocardial 

injury and ischemia, H & E. 200×; (C) (250 mg/kg) + ISO group showing mild 

enlargement with some damage to myofiber at lower dose of EEOT, H & E. 200×;  

(D) (500 mg/kg) + ISO group showing no inflammation, mild residual cardiac muscle fiber 

injury, H & E. 200×. 

 

3.6. Effect of EEOT on Cardiac Rhythm 

Treatment of normal rats with isoproterenol at doses of 85 mg/kg s.c., for two days, significantly 

increased the heart rate from a basal level of 280 ± 11.4 beats/min to 430 ± 13.9 beats/min (p < 0.001, 

n = 6) with an increase of 53.5% ± 3.1%. Treatments of the animals with Citrus medica alcoholic 

extract at doses of 250 and 500 mg/kg, for 15 days, significantly suppressed isoproterenol induced 

cardiac disturbances and tachycardia. The mean heartbeats were 340 ± 17.3 and 330 ± 18.7, 

respectively (Table 3). The percentage effectiveness of the treatments in suppressing  

isoproterenol-induced tachycardia is shown in Table 3 (60% and 66%, respectively). 
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Table 3. Effect of EEOT on isoproterenol-induced cardiac tachycardia. 

Treatment Group (n = 6) 
% Increase in 

Heart Rate 
% Effectiveness in Suppressing 

Isoproterenol-Induced Tachycardia 

Isoproterenol (85 mg/kg) s.c. 53.35 ± 3.1 - 
EEOT (250 mg/kg) + ISO 21.4 ± 2.1 60 ± 5.9 * 
EEOT (500 mg/kg) + ISO 17.8 ± 2.5 66.7 ± 6.1 * 

The results are expressed as mean ± SD of six rats, * p < 0.01; ANOVA, followed by Dunnett’s multiple 

comparison test. 

3.7. Antioxidant Activity and Phenolic and Flavonoidal Contents 

The results of the antioxidant activity are presented in Table 4. EEOT was able to reduce the stable 

free radical DPPH to the yellow-colored DPPH at low concentrations (100 and 500 μg/mL), almost 

near to ascorbic acid. Moreover, in the β-carotene/linoleic acid model system, the EEOT was also able 

to inhibit the discoloration of β-carotene at a concentration of 1 mg/mL. The total antioxidant value 

was 92% (Table 4). The observed antioxidant activities were comparable to that of the positive control, 

rutin (Table 4). Moreover, the EEOT showed high total phenol and flavonoidal values (192.4 ± 2.52 mg 

gallic acid equivalents/100  g and 74.1 ± 3.12 mg quercetin equivalents/100 g). 

Table 4. Free radical scavenging activity, antioxidant activity and total phenolic and total 

flavonoidal contents of the EEOT. 

Plant Species 

Radical Scavenging  

Activity in (%) 

Total Antioxidant 

Activity in (%) 

TPC  

(mg GAE/100 g) 

TFC  

(mg QE/100 g)

10 50 100 500 1000 1000 (μg/mL)   

EEOT 13.1 39.0 72.9 87.0 93.5 92.8 ± 6.91 192.4 ± 2.52 74.1 ± 3.12 

Ascorbic acid 19.5 71.2 85.5 92.7 94.1 -   

Rutin      93.1 ± 7.22   

TPC: Total phenolic content; TFC: Total flavonoidal content. 

4. Discussion 

The present investigation demonstrates the cardioprotective potential of the ethanolic extract of 

Citrus medica “otroj” (EEOT) in ISO-induced model of myocardiopathy in Wistar albino rats. 

Isoproterenol is known to produce cardiotoxic effects on the myocardium. The ISO-induced cardiac 

damage can be explained as generation of highly cytotoxic free radicals through autooxidation of 

catecholamine [24]. ISO-induced myocardial necrosis is well-accepted model of myocardial infarction 

in rats and the lesions produced by ISO, resemble to myocardial infarction in human subjects [25],  

and is a reliable rat model to study myocardial injury [26]. ISO caused an imbalance between oxygen 

supply and myocardial hyperactivity due to tachycardia [27]; increased cAMP and increased Ca2+ 

overload [28]. Another possible mechanism involved in myocardial pathogenesis is an increased 

oxidative stress and generation of free radicals due to metabolic products of ISO [29]. 

In our experiments, the ISO treatment caused a high level of diagnostic marker enzymes AST, 

ALT, LDH, and CK due to leakage takes place from tissue to blood serum due to damages or 

destroyed myocardial cells, because of insufficient supply of oxygen, the cell membrane become 
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fragile or may rupture. The cellular enzymes in serum reflect the alteration in plasma membrane 

permeability [30]. The increased levels of these enzymes are indicative to severity of cell necrosis and 

ISO mediated peroxidative myocyte injury [31]. Pretreatment with EEOT significantly reduced the 

plasma enzyme levels, thereby restricting the leakage of these enzymes from myocardium.  

The restricted enzymes permeability might be due to the preservation of myofibrils and mitochondrial 

morphology, indicating cardioprotective activity of EEOT. 

Myocardial infarction (MI) is also associated with altered lipid metabolism. Lipids play an 

important role in cardiovascular disease, by way of hyperlipidemia and thereby modifying the cellular 

membranes’ structure, composition and stability [32]. The increased concentration of cholesterol and 

building up in cardiac tissue has a definite affinity with cardiovascular injury [33]. It was observed in 

this study that the ISO administration caused a significant increase in the level of cholesterol and 

triglycerides in serum. When the rats were cotreated with EEOT, a decrease in both levels of 

cholesterol and TG was noted. There is mounting evidence that oxidative stress is involved in the 

pathogenesis of various disease conditions and generates reactive oxygen species (ROS). In the present 

study, the improvement in hyperlipidemia by EEOT may be due to significant reduction in lipolysis, 

and could possibly be due to its notable antioxidant and antilipid peroxidative property by protecting 

cardiac tissue membrane lipids from ISO-mediated lipid peroxidation [34]. However, the increased 

cholesterol level might be a result of diminished HDL-C, as HDL-C is involved in the transportation of 

cholesterol to the liver for its catabolism [35]. In ISO-only-treated animals, the HDL-C level 

remarkably lowered, while serum total cholesterol, TGs, LDL-C, and VLDL-C were significantly 

elevated. These changes in lipid concentrations might be due to enhanced lipid biosynthesis. 

Pretreatment with EEOT decreases the levels of serum total cholesterol, TGs, LDL-C, VLDL-C, and 

elevated HDL-C concentration. Recently, it has been reported that neutraceutical supplements can 

significantly reduce LDL-C, decrease TGs, and increase HDL-C [36]. The protective effect observed 

in this study may be due to the potent antioxidant property of the extract of Citrus medica, which 

protects cardiac muscle from the oxidative damage and helps in maintaining the myocardial cell 

membrane integrity and function thereby protecting the rupture and preventing leakage of the enzyme 

and lipids [37]. The potent antioxidant activity of hesperidin was shown to have lipid metabolism 

improving capacity in ISO-induced cardiotoxicity [24]. Oxidative stress is a redox shift in the normal 

prooxidant/antioxidant balance, and this unbalance may also cause depletion of the antioxidants in the 

defense system, due to generation of ROS [38]. The administration of ISO produced oxidative stress 

by inducing lipid peroxidation (LPO) in cardiac muscle. 

Elevated LPO is a measure of cell membrane injury along with an alteration in its structure and 

function [39]. In the current investigation, ISO-treated animals have shown an increased concentration 

of malondialdehyde (MDA), suggests over-activity of LPO leading to tissue damage and diminishing 

or preventing antioxidant defensive mechanism causing failure to check excessive free radical 

formation [40]. However, pretreatment of rats with EEOT significantly diminished cardiac tissue 

MDA concentration. That might be due to the free radical scavenging activity of the otroj extract. 

Furthermore, in this study nonprotein sulfhydryl (NP-SH) and total proteins (TP) contents were 

estimated in the cardiac tissue. It is well established that sulfhydryls are an endogenous antioxidant 

which are involved in the protection of normal cell structure and function by maintaining redox 

homeostasis and suppressing of free radicals and by involving in detoxification process [41]. Our study 
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confirmed the earlier findings [42] that elevation in lipid peroxidation is a consequence of depletion of 

free-SH. The concomitant administration of EEOT significantly restored the NP-SH and total protein 

concentration in the heart muscle, when compared to the isoproterenol-treated group. The reduction in 

the total protein content observed in heart tissue of ISO-induced myocardiopathy might be due to 

inhibition of glycoprotein synthesis [43]. Pretreatment of rats with EEOT prevented the ISO-induced 

alterations in the levels of protein content in heart tissue. Experiments on in vitro antioxidant activity 

of the EEOT revealed a strong activity in the present investigation and high phenolic content.  

The possible mechanisms by which phenolic compounds including flavonoids could exert antioxidant 

activities include direct free radical scavenging capacities due to electron donating ability or indirectly 

by increasing the capacity of endogenous antioxidant defenses such as increasing production of NO, 

increasing the concentration of glutathione, activation of antioxidative enzymes, e.g., superoxide 

dismutase, peroxidase, and catalase or by reducing the formation of endogenous ROS [44–46].  

In addition to that, cardioprotective activity of phenolic compounds including flavonoids could arise by 

other mechanisms such as inhibition of signal transducer and activator of transcription 1 (STAT1) [47]. 

These findings support the observed protective effect of the EEOT on various enzymatic and  

non-enzymatic parameters. These findings further support the cardioprotective property of EEOT in 

the histological assessment. Rats, which received EEOT pretreatment, followed by isoproterenol 

administration, showed minimal histological changes. 

5. Conclusions 

In conclusion, the administration of Citrus medica “otroj” extract (EEOT) prevented biochemical 

and histomorphological alteration induced by ISO. The cardioprotective effect of EEOT could be 

attributed to the presence of antioxidative phenolic content as well as vitamin C in the fruits of  

C. medica, which cause significantly lowering the oxidative threat and leading to normal physiological 

function. The findings support the use of C. medica fruits as cardiotonic and antioxidant drug. Further 

work should be embarked upon with a view to elucidate further possible mechanisms of action of the 

extract. The present results can form the basis for selection of C. medica for further investigation in the 

potential discovery of naturally occurring bioactive compounds. Studies aimed at the isolation and 

structure elucidation of cardioprotective and antioxidant active constituents from C. medica are  

in progress. 

Acknowledgments 

The authors extend their appreciation to the Deanship of Scientific Research at King Saud University 

for funding the work through the research group project No. (RGP-VPP-073). 

Conflicts of Interest 

The authors declare no conflict of interests. 
  



Nutrients 2013, 5 4281 

 

References 

1. MacKay, J.; Mensah, G. The Atlas of Heart Disease and Stroke; World Health Organization: 

Geneva, Switzerland, 2004. 

2. Murugesan, M.; Revathi, R.; Manju, V. Cadrioprotective effect of fenugreek on isoproterenol 

induced myocardial infarction in rats. Indian J. Pharmacol. 2011, 43, 516–519. 

3. Aroow, W.S. Epidemiology, pathophysiology, prognosis, and treatment of systolic and diastolic 

heart failure. Cardiol. Rev. 2006, 14, 108–124. 

4. Wexler, B.C. Myocardial infarction in young vs old male rats: Pathophysiologic changes.  

Am. Heart J. 1978, 96, 70–80. 

5. Sood, S.; Bansal, S.; Muthuraman, A.; Gill, N.S.; Bali, M. Therapeutic potential of Citrus medica L. 

peel extract in carrageenan induced inflammatory pain in rat. Res. J. Med. Plant 2009, 3, 123–133. 

6. Sood, S.; Muthuraman, A.; Arora, B.; Bansal, S.; Bali, M.; Sharma, P.D. Potential effect of  

Citrus decumana extract on stress induced peptic ulcer in rat. Lat. Am. J. Pharm. 2009, 40, 945–948. 

7. Hartwell, J.L. Plants Used Against Cancer, a Survey; Quarterman Publications, Inc.: Lawrence, 

MA, USA, 1982; p. 154. 

8. OECD. Guidelines 423, Acute Oral Toxicity: Acute Toxic Class Method; In OECD Guidelines 

for Testing Chemicals; OECD: Paris, France, 2001. 

9. Panda, V.S.; Naik, S.R. Cardioprotective activity of Ginkgo biloba phytosomes in  

isoproterenol-induced myocardial necrosis in rats: A biochemical and histoarchitectural 

evaluation. Exp. Toxicol. Pathol. 2008, 60, 397–404. 

10. Bakheet, D.M.; ElTahir, K.E.H.; Al-Sayed, M.I.; El-Obeid, H.A.; Al-Rashood, K.A. Studies on 

the cardiovascular effect of N-ethyl- and N-benzyl-1,2-diphenyl ethanolamines in the rat: 

Elucidation of the mechanisms of action. Gen. Pharmacol. 1999, 33, 17–22. 

11. Reitman, S.A.; Frankel, A. A colorimetric method for the determination of serum glutamic 

oxaloaceric acid and glutamic pyruvic transaminases. Am. J. Clin. Pathol. 1957, 28, 56–63. 

12. Bergmeyer, H.U. Method of Enzymatic Analysis; Academic Press: London, UK, 1974. 

13. Okinada, S.; Kumagai, H.; Ebashi, S.; Sugita, H.; Momoi, H.; Toyokura, Y. Serum creatinine 

phosphokinase. Activity in progressive muscular dystrophy and neuromuscular disease.  

Arch. Nurol. 1961, 4, 520–525. 

14. Demacher, P.N.M.; Hijamaus, A.G.M. A study of the use of polyethylene glycol in estimating 

cholesterol. Clin. Chem. 1980, 26, 1775–1778. 

15. Foster, L.B.; Dunn, R.T. Stable reagents for the determination of serum triglycerides by a 

colorimetric Hantzch condensation method. Clin. Chem. 1973, 19, 338–340. 

16. Burstein, M.; Scholnick, H.R. Lipoprotein-polyanion-metal interaction. Adv. Lipid Res. 1973, 11, 

67–108. 

17. Utley, H.C.; Bernheim, F.; Hochslein, P. Effect of sulfhydryl reagent on peroxidation in 

microsome. Arch. Biochem. Biophys. 1967, 260, 521–531. 

18. Sedlak, J.; Lindsay, R.H. Estimation of total, protein bound and non-protein SH groups in tissue 

with Ellman’s reagent. Anal. Biochem. 1968, 25, 192–205. 

19. Culling, C.F.A. Handbook of Histopathological and Histochemical Techniques, 3rd ed.; 

Butterworth and Co.: London, UK, 1974; pp. 73–159. 



Nutrients 2013, 5 4282 

 

20. Brand, W.W.; Cuvelier, H.E.; Berset, C. Use of a free radical method to evaluate antioxidant 

activity. Food Sci. Technol. 1995, 82, 25–30. 

21. Mothana, R.A. Anti-inflammatory, antinociceptive and antioxidant activities of the endemic 

Soqotraen Boswellia elongata Balf. f. and Jatropha unicostata Balf. f. in different experimental 

models. Food Chem. Toxicol. 2011, 49, 2594–2599. 

22. Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. Analysis of total phenols and other 

oxidation substrates and antioxidant by means of Folin-Ciocalteu reagent. Method Enzymol. 1999, 

299, 152–178. 

23. Djeridane, A.; Yousfi, M.; Nadjemi, B.; Boutassouna, D.; Stocker, P.; Vidal, N. Antioxidant 

activity of some Algerian medicinal plants extracts containing phenolic compounds. Food Chem. 

2006, 97, 654–660. 

24. Selvaraj, P.; Pugalendi, K.V. Efficacy of hesperidin on plasma, heart and liver tissue lipids in rats 

subjected to isoproterenol-induced cardiotoxicity. Exp. Toxicol. Pathol. 2012, 64, 449–452. 

25. Dhalla, N.S.; Yates, J.C.; Lee, S.L.; Singh, A. Functional and subcellular changes in the isolated 

rat heart perused with oxidised isoproterenol. J. Mol. Cell. Cardiol. 1978, 10, 31–41. 

26. Zhou, B.; Wu, L.J.; Li, L.H.; Tashiro, S.; Onodera, S.; Uchiumi, F.; Ikejima, T. Silibinin protects 

against isoproterenol-induced rat cardiac myocyte injury through mitochondrial pathway after  

up-regulation of SIRTl. J. Pharmacol. Sci. 2006, 102, 387–395. 

27. Yeager, J.C.; Whitehurst, M.E. Verapamil prevents isoproterenol induced cardiac failure in the rat. 

Life Sci. 1982, 30, 299–306. 

28. Bloom, S.; Davis, D.L. Calcium as mediator of isoproterenol-induced myocardial necrosis.  

Am. J. Pathol. 1972, 69, 459–470. 

29. Singal, P.K.; Kapur, N.; Dhillon, K.S.; Beamish, R.E.; Dhalla, N.S. Role of free radicals in 

catecholamine-induced cardiomyopathy. Can. J. Physiol. Pharmacol. 1982, 60, 1390–1397. 

30. Senthil Kumar, H.; Anandan, R.; Santhosh Kumar, M. Cardioprotective effect of Picorrhiza kurrooa 

against isoproterenol induced myocardial stress in rats. Fitotherapia 2001, 72, 402–405. 

31. Gürgün, C.; Ildizlt, M.; Yavuzgil, O.; Sin, A.; Apaydin, A.; Cinar, C.; Kúltúrsay, H. The effects of 

short term statin treatment on left ventricular function and inflammatory markers in patients with 

chronic heart failure. Int. J. Cardiol. 2008, 123, 102–107. 

32. Karthikeyan, K.; Sarala, B.R.; Devaraj, N.S. Efficacy of grape seed proanthocyanidins on serum 

and heart tissue lipids in rats subjected to isoproterenol-induced myocardial injury. Vasc. 

Pharmacol. 2007, 47, 295–301. 

33. Gokkusu, C.; Mostafazadeh, T. Changes of oxidative stress in various tissues by long-term 

administration of vitamin E in hypercholesterolemic rats. Clin. Chim. Acta 2003, 328, 155–161. 

34. Nair, P.S.; Devi, C.S.S. Efficacy of mangiferin on serum and heart tissue lipids in rats subjected to 

isoproterenol induced cardiotoxicity. Toxicology 2006, 228, 135–139. 

35. Prince, P.S.M.; Suman, S.; Devika, P.T.; Vaithianathan, M. Cardioprotective effect of ‘Marutham’ a 

polyherbal formulation on isoproterenol induced myocardial infarction in Wistar rats. Fitoterapia 

2008, 79, 433–438. 

36. Kota, S.K.; Jammula, S.; Kota, S.K.; Venkata, S.; Krisbna, S.; Meher, L.K.; Rao, E.S.;  

Modi, K.D. Nutraceuticals in dyslipidemia management. J. Med. Nutr. Nutraceut. 2013, 2, 26–40. 



Nutrients 2013, 5 4283 

 

37. Prabhu, S.; Jainu, M.; Sabitha, K.E.; Devi, C.S. Cardioprotective effect of mangiferin on 

isoproterenol induced myocardial infarction in rats. Indian J. Exp. Biol. 2006, 44, 209–215. 

38. Brindha, E.; Pandian, M.R.; Indira, V. Phytic acid protects rat myocardium during  

isoproterenol-induced myocardial infarction: A biochemical and histological study. Int. J. Res. 

Pharm. Biomed. Sci. 2012, 3, 1779–1786. 

39. Halliwell, B.; Aeschbach, R.; Loliger, J.; Aruoma, O.I. The characterization of antioxidants.  

Food Chem. Toxicol. 1995, 33, 601–617. 

40. Fahmy, S.R.; Hamdi, S.A.H. Antioxidant effect of the Egyptian freshwater Procambarus clarkii 

extract in rat liver and erythrocytes. Afr. J. Pharm. Pharmacol. 2011, 5, 776–785. 

41. Punithavathi, V.R.; Prince, P.S.M. Combined effects of quercetin and α-tocopherol on lipids and 

glycoprotein components in isoproterenol induced myocardial infarcted Wistar rats. Chem. Biol. 

Afr. J. Pharm. Pharmacol. 2009, 181, 322–327. 

42. Al-Said, M.S.; Mothana, R.A.; Al-Yahya, M.A.; Al-Blowi, A.S.; Al-Sohaibani, M.; Ahmed, A.F.; 

Rafatullah, S. Edible oils for liver protection: Hepatoprotective potentiality of Moringa oleifera 

seed oil against chemical-induced hepatitis in rats. J. Food Sci. 2012, 77, T124–T130. 

43. Pushpakiran, G.; Mahalakshmi, K.; Anuradha, C.V. Protective effects of taurine on glutathione 

and glutathione-dependent enzymes in ethanol-fed rats. Pharmazie 2004, 59, 869–872. 

44. Borkowski, T.; Szymusiak, H.; Gliszczynska-Rwiglo, A.; Rietjens, I.; Tyrakowska, B. Radical 

scavenging capacity of wine anthocyanins is strongly pH-dependent. J. Agric. Food Chem. 2005, 

53, 5526–5534. 

45. Fukumoto, L.R.; Mazza, G. Assessing antioxidant and prooxidant activities of phenolic compounds. 

J. Agric. Food Chem. 2000, 48, 3597–3604. 

46. Ziberna, L.; Vanzo, A.; Passamonti, S.; Lunder, M.; Tramer, F.; Moze, S.; Drevensek, G.  

Acute cardioprotective and cardiotoxic effects of bilberry anthocyanins in ischemia-reperfusion 

injury: Beyond concentration-dependent antioxidant activity. Cardiovasc. Toxicol. 2010, 10,  

283–294. 

47. Scarabelli, T.M.; Mariotto, S.; Abdel-Azeim, S.; Shoji, K.; Darra, E.; Stephanou, A.;  

Chen-Scarabelli, C; Marechal, J.D.; Knight, R.; Ciampa, A.; et al. Targeting STAT1 by myricetin 

and delphinidin provides efficient protection of the heart from ischemia/reperfusion-induced 

injury. FEBS Lett. 2009, 583, 531–541. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


