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 Background: Myocardial infarction (MI) is the most lethal 

manifestation of cardiovascular disease, cause morbidity and mortality 

in the world. Rooibos (Aspalathus linearis) naturally derived plant, 

used as a traditional medicine against cardiovascular diseases (CVD). 

Aim: The present study aims to elucidate whether rooibos possesses 

cardio-protective effect against MI driven by isoproterenol (ISO).  

Materials & Methods: Swiss male adult albino rats were divided into 

5 groups: 1
st
gp served as negative control; 2

nd
gp served as Rooibos 

group administrated orally 3 times a week for 8 weeks, 3
rd

gp served as 

ISO group injected with 85 mg/kg S.C. for days 54, 55; 4
th

gp served 

as preventive group rooibos administrated then injected with ISO; and 

5
th

gp served as therapeutic group injected with ISO then rooibos 

administrated. Blood and tissues samples were collected for some 

biochemical and histopathological studies. Results: Isoproterenol 

induced MI that characterized by alterations in cardiac markers and 

functions, enhanced the levels of antioxidant level in heart tissue, and 

induced myocardial necrosis and inflammation; as these changes were 

accompanied with elevation of lipid profile except HDL. Our data 

resulted in Rooibos could ameliorate cardiac injury (aspartate 

transferase, lactate dehydrogenase, creatine kinase-MB, troponin and 

Galectin-3), up-regulate antioxidant systems (decreasing MDA and 

increasing superoxide dismutase, catalase, glutathione reduced, 

glutathione peroxidase in heart homogenate), and maintain the levels 

of circulating lipids driven by ISO as well. Rooibos showed 

significant preventive effects in all the biochemical and histological 

studies in myocardial infarcted rats rather than therapeutic ones. 

Conclusions: Rooibos extract may be apparently safe and non-toxic 

exerts strong favorable cardio-protective action in ISO induced rats 

due to high antioxidant capacity that decrease the oxidative stress, 

anti-dyslipidemia, and inhibition of lipid peroxidation. 
 

 
© 2014Publisher All rights reserved. 

Introduction 

Cardiovascular diseases (CVD) remain the biggest 

cause of deaths worldwide, though over the last 

two decades. The etiology of CVD is 

multifactorial, where a complex combination of 

environmental, genetic and clinical risk factors 

seems to play determinant role
 (1)

. Myocardial 

infarction (MI) is the most lethal manifestation of 

CVD. MI is the leading cause of morbidity and 

mortality worldwide, and according to the WHO, 

it will be the major cause of death in the world by 

the year 2020 
(2)

. Isoproterenol (ISO) {4-[1-

hydoxy-2-(1methyl ethyl amino) ethyl] benzene-1, 

2 diol}, a synthetic catecholamine and β-

adrenergic agonist has been shown to cause severe 

http://syndic8.scopus.com/action/redirectFile?&zone=main&currentActivity=&usageType=outwardLink&url=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-50949124489%26rel%3DR4.0.0%26partnerID%3D35%26md5%3Dcbdb48a8e203904fb9e00c10795fbdd4
http://syndic8.scopus.com/action/redirectFile?&zone=main&currentActivity=&usageType=outwardLink&url=http%3A%2F%2Fwww.scopus.com%2Finward%2Frecord.url%3Feid%3D2-s2.0-50949124489%26rel%3DR4.0.0%26partnerID%3D35%26md5%3Dcbdb48a8e203904fb9e00c10795fbdd4
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stress in the myocardium resulting in infarct like 

necrosis of the heart muscle
 (3)

.The infarction 

induced by ISO, which arises from a physiological 

imbalance between free radical production and the 

cardiac anti-oxidative defense system of 

experimental animals, is similar to that observed in 

human MI 
(4)

. 

High dietary intake of plant foods and beverages 

linking with a lower incidence of CVD and other 

chronic diseases may be due to their polyphenolic 

antioxidant capacity 
(5)

. Herbal teas have received 

much attention in recent years due to their health-

promoting properties, in particular their 

antioxidant properties
 (6)

. Rooibos is an herbal tea 

made from the leaves and stems of the indigenous 

South African plant, Aspaluthus linearis (Brum.f) 

Dahlg. (Family Fabaceae; tribe Crotalarieae)
(7)

. 

Rooibos is gaining popularity as a 

health/functional beverage both locally and 

worldwide 
(8)

 due to the natural absence of 

caffeine and low tannin content 
(9)

. Rooibos is a 

good dietary source of antioxidants containing 

mostly flavonoids such as flavonols (aspalathin) 
(10)

. Studies have reported on the in 

vivo and invitro antioxidant 
(11)

, anti-inflammatory 

properties 
(12 )

 as well as the modulation of 

oxidative stress by Rooibos 
(5)

.  

Galectin-3 is a new biomarker indicator of CVD; it 

is a member of a family of proteins comprising 

soluble β_galactoside–binding lectin that appears 

to be a direct mediator of pro-fibrotic pathways 

and is a potential marker of adverse cardiac 

remodeling 
(13)

. Gal-3 may play a role in the 

pathophysiology of CVD, through promotion of 

myocardial fibrosis and inflammation, two related 

processes involved in myocardial remodeling 
(14)

.  

The present study is to investigate the cardio-

protective effect and therapeutic effects of 

Rooibos against isoproterenol induced myocardial 

injury in rats. 

MATERIALS AND METHODS 

Plant extraction: 

Rooibos tea: an herbal tea drink made from a 

woody shrub like leguminous bush stems and 

leaves of Aspalathus linearis 
(15)

. Rooibos aqueous 

extracts were prepared by the addition of freshly 

boiled tap water to the tea leaves and stems to a 

final concentration of [2 g/100ml], as used by 

Beltrán-Debón et al.,
 (16)

. The mixture was 

allowed to cool at room temperature for 30 min, 

filtered (Whatman no. 4) and dispensed into water 

bottles.  

Acute toxicity study: Approximate LD50 of 

Aqueous extract of Aspalathus linearis (Rooibos 

tea) in rat were determined according to method 

OECD 420,
 (17)

. The limit dose recommended by 

human equivalent dose (HED) by the formula 
HED(mg/kg)=Animal dose(mg/kg)*(Animal Km: Human Km) 
(18). Km was determined from Table (1) 

(19)
. 

 
  

Animals 
Adult male Swiss albino rats weighing (150-200g) 

were housed in experimental animal house of the 

Faculty of Science, Zagazig University. The 

animals were maintained in controlled 

environment of temperature, humidity, light, and 

fed on a commercial standard diet and tap water 

ad libitum. 

Chemicals 
Isoproterenol hydrochloride was purchased from 

Sigma-Aldrich Chemical Co., (St Louis, MO, 

USA), Troponin T (TnT) a sandwich ElISA Rat 

Kit method from (Cloud- Clone Crop),Galectin 3 

(Gal-3) a sandwich ELISA Rat Kit method from 

(BG Medicine, Waltham, MA).  

Induction of myocardial infarction 

Isoproterenol was freshly dissolved in sterile 

saline and subcutaneously (S.C.) injected into the 

animals at a dose level of 85mg/kg b.w. 
(20)

. 

Experimental design 
40 adult male Swiss albino rats were divided into 

5 groups 8 rats/each one as follows: Negative 

Control group: received sterile saline solution for 

8 weeks serving as normal control, Rooibos group: 

received Rooibos extract orally three times 

weekly, for 8 consecutive weeks, ISO group: ISO 

was injected S.C. at an interval of 24h on day 54 

and 55 of experiment, Preventive Group: received 

Rooibos extract orally three times weekly for 8 

consecutive weeks then injected with ISO at an 

interval of 24h on day 54 and 55, and Therapeutic 

Group: ISO was S.C. injected at an interval of 24h 

on day 1
st
  and 2

nd
, then received Rooibos extract 

orally gavaged three times weekly for 8 

consecutive weeks. At the end of the experiment 

animals (56
th

 day), animals were weighed then 

anaesthetized under light diethyl-ether and 

dissected. Blood samples and heart tissues were 

collected for biochemical and histopathological 

analysis. 

(A) Biochemical analysis 

http://en.wikipedia.org/wiki/Cardiovascular_disease#cite_note-4
http://www.sciencedirect.com/science/article/pii/S0944711311004570#bbib0025
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Anti-oxidant assays: The heart homogenate were 

prepared (0.1g heart tissue/2ml saline) for 

different antioxidant assays. Superoxide dismutase 

(SOD), glutathione peroxidase (GPx), Catalase 

(CAT) activities,  reduced glutathione (GSH), and 

malondialdhyde (MDA) levels were  determined 

by using Bio-diagnostic kit method according to 

the method of according to Nishikimi et al., 
(21)

, 

Paglia &Valentine,
(22)

, Aebi 
(23)

, Beutler et al., 
(24)

, and Satoh, 
(25)

 methods; respectively. 

Cardiac Biomarkers measurements: 
Galectin-3 (GAL-3) and Troponin T (TnT) levels 

were determined by using a sandwich ELISA Rat 

Kit method in serum according to the method of 

Christenson et al., 
(26)

, and Zhang et al., 
(27)

; 

respectively. AST Kinetic methods according to 

the Karmen et al., 
(28)

 recommendation, Lactate 

dehydrogenase (LDH) activity was measured 

through the decrease in NADPH concentration 

according to Bergmeyer, 
(29)

, and CK-MB 

measured in the presence of an antibody to CK-M 

monomer according to Wu & Bowers, 
(30)

 method 

in serum. 

Lipid profile measurements:  
Lipid profile (Cholesterol, Triglycerides "TG", and  

high density lipoprotein-cholesterol (HDL-C), 

were estimated in serum according Young,
(31)

, 

Buccolo et al., 
(32)

, and Tietz 
(33)

 methods; 

respectively. Low density lipoprotein- cholesterol 

(LDL-Cholesterol) and very low density 

lipoprotein-cholesterol (VLDL-cholesterol) were 

calculated as described by Friedewald et al., 
(34)

 

and Atherogenic Index (AI) AI was calculated by 

the formula: (TC − HDL-C)/HDL-C 
(35)

. 

(B) Histopathological studies 
Histological evaluation was performed on other 

portion of the heart tissue. Specimen were fixed in 

10% formalin and embedded in paraffin wax. 

Heart sections were cut at 5µm in thickness, 

stained with hematoxylin and eosin (H&E) and 

viewed under light microscopy and examined the 

histological changes according to Lillie, 
(36)

. 

Statistical analyses 
Data were evaluated by one-way analysis of 

variance (ANOVA)by "SPSS" 14.0 for Microsoft 

Windows, SPSS Inc. Chicago USA 
(37)

 and 

considered statistically significant at a two-sided 

P<0.05. Numerical data were expressed as mean ± 

SD. 

RESULTS  

Rooibos tea was prepared by (64.35 mg 

rooibos/30ml boiled water) then filtrations remain 

27ml filtrate as the extract. 

Acute toxicity study: The acute toxicity was 

estimated by oral administration of the extract to 

determine the median lethal dose (LD50) of it. Our 

results revealed that, doses up to 2000 mg /kg b.w 

were considered to be safe dose for extract, where 

no mortality was observed. As the selected dose 

was 14.3 mg/kg b.w. is the smaller dose of a 

rooibos extract produce an effect equal to that 

produced in human's equivalent to dose 1000mg 

per human weight. 

Effect of Rooibos tea extract on antioxidants in 

heart homogenate in all studied groups: 

Table (2) summarized the mean values of MDA, 

SOD, CAT, GPx and GSH in heart homogenate in 

all groups. On a hand, the mean value of MDA 

levels were found to be 23.3±1.3, and 18.2 ±0.9 

(nmol/g tissue) in negative control group and 

Rooibos (R.Ex.) group; respectively.  ISO (Iso.) 

group showed a significant increase in MDA levels 

to be 65.6 ±7.0 (nmol/g tissue) (p<0.001), 

compared to negative control group. But, 

Preventive and Therapeutic groups showed a 

significant decrease to 22.4 ±1.1&39.8±3.6 

(nmol/g tissue) (p<0.001) respectively; compared 

to the ISO group. On the other hand; SOD, CAT 

and GPx activities were decreased from 95.9±8.4, 

1.1±0.09, and 72.1.0±4.7 (U/g tissue) in negative 

control group to 59.6 ±6.3, 0.75±0.13, and 

35.5±3.3 in ISO group respectively, (p<0.001). 

While, their activities were significantly increased 

to 819.9±65.6, 3.8 ±0.68, and 340.7±65.3 & to 

579.7±99.1, 2.1±0.27, 149.1±23.5 in preventive 

and therapeutic groups; respectively, (p<0.001) 

compared to ISO group. Moreover, GSH content 

was found to be 2.5±0 and 2.6±0.4 4 (nmol/g 

tissue) in negative control group and Rooibos 

Control (R.Ex.) group, where there was non-

significant difference between two groups. This 

content was significantly decreased to be 

0.71±0.13 in ISO group, (p<0.001). While, in 

preventive and therapeutic groups, this content was 

significantly increased to 5.9±0.99 and 3.8±0.34 

respectively,(p<0.001). 

Effect of Rooibos tea extract on heart biomarkers 

in all studied groups: 

Table (3) summarized the effect of extract on heart 

function tests in sera of studied groups. 
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Measurement of heart enzymes activities 

demonstrated  significant increase in AST, LDH, 

and CK-MB activities in ISO group to 277.7 ±20.8, 

915.0±106.3, and 124.6±7.1 (U/L) respectively 

compared to negative control group, (p<0.001). 

These high activities of heart enzymes were 

significantly reduced to 116.8 ±2.7, 396.1±57.5, 

and 55.6 ±4.6& to 198.9±6.0, 640.8±60.4, and 

82.2±4.1 respectively in preventive group and 

therapeutic group; compared to ISO group 

(p<0.001). Also, Troponin and Galactin-3 

concentrations were significantly increased in ISO 

group from 64.5±4.5 to 260.7±8.0 (pg/ml), and 

from 3.7±0.07 to11.3±0.9 (ng/ml); respectively, 

(p<0.001) compared to negative control group. The 

troponin and Galctin-3 concentrations were 

significantly decreased to 201.4±2.7, and  

186.2±4.5 (pg/ml) & to 3.8±0.19 (ng/ml) and 

4.2±0.13   respectively in preventive group and 

therapeutic group; compared to ISO group, 

(p<0.001).  

Effect of Rooibos tea extract on lipid profile in all 

studied groups: 

Lipid profile (triglycerides "TG", total cholesterol, 

LDL-cholesterol, HDL-cholesterol, VLDL, and 

Atherogenic index "AI") were demonstrated in 

table (4).There was a non-significant difference 

between negative control group and Rooibos 

Control (R.Ex.) group, in lipid profile 

measurements'. TG and total Cholesterol levels 

were increased in the ISO group to 90.7 ±0.88 

&131.0 ±3.5 (mg/dl); respectively compared to 

negative control group 60.0±3.3 & 82.2±1.3 

(mg/dl) respectively (p<0.001). Meanwhile, a 

significant decrease in TG and cholesterol levels to 

53.5 ±1.6& 74.2±1.4 and to 62.1±3.9 & 87.2±3.8, 

(p<0.001); respectively in preventive group and 

therapeutic group compared to ISO group. 

Moreover, LDL-C, VLDL, and AI were increased 

from 51.4±3.0, 11.3±1.2, and 1.33± 0.148  in 

negative control group to 89.5±3.0, 18.6±0.7, and 

6.71± 0.325, respectively, in ISO group, (p<0.001). 

But, these measurements were significantly 

decreased by 55.8%, 46.8%, and 38.3% & by 

37.5%, 31.2%, and 45.0%; respectively in 

preventive & therapeutic groups, (p<0.001). 

Meanwhile, HDL-C was significantly decreased 

from 35.3±2.1 to 16.9±0.5 in ISO group, compared 

to negative control group, (p<0.001).  While, this 

concentration was increased to 40.8±2.7 and to 

30.4±4.7; in preventive and therapeutic groups; 

respectively,(p<0.001). 

Histological studies in all studied groups: 

The histological examinations of heart tissues with 

Hematoxylin and Eosin stain in the different 

studied groups confirm the biochemical study in 

all different groups, as shown in Fig. (1). Negative 

control Group revealed that, the normal 

myocardial muscles, exhibited clear integrity of 

myocardial membrane, Fig (a). Also, Rooibos 

(R.Ex.) group showed normal heart, as rats showed 

normal cardiac fibers without any infarction and 

infiltration of inflammatory cells Fig. (b). 

However, ISO Group showed disturbance in 

myocardial muscles. Where, isoproterenol induced 

of MI. Heart tissues from ISO treated rats showed 

widespread myocardial structure disorder and sub-

endocardial necrosis with capillary dilatation and 

leukocyte infiltration. Whereas ISO-induced rats 

revealed significant myofiber loss, extensive 

necrosis, infiltration of inflammatory cells, marked 

myocellular edema and vacuolar degeneration, as 

shown in Fig. (c). Nevertheless, Rooibos 

administration induced heart affection either in 

both therapeutic and preventive groups.  As 

illustrated in Fig.  (d), as Rooibos alleviated the 

ISO induced alterations seen in the above group, 

reduction of inflammation and re-arrangement of 

myocardial muscles as normal case, as shown in 

the preventive group. While, in the therapeutic 

group, Rooibos administration resulted in mild 

heart affection, as heart showing congested blood 

vessel, Fig. (e). 

DISCUSSION 

Myocardial infarction (MI) is the leading cause of 

death all over the world 
(38)

. Isoproterenol (ISO) is 

a synthetic catecholamine and β-adrenergic 

receptor agonist represents the most widely used 

model for MI 
(39)

. ISO causes severe stress in the 

myocardium, resulting in an infarct like necrosis 

of the heart muscle due to generation of highly 

cytotoxic free radicals through autoxidation of 

catecholamine 
(40)

. Natural plants play an 

important role in the modulation of oxidative 

stress and inflammation and, as a consequence, in 

the regulation of metabolic pathways and 

bioenergetics 
(41)

. Rooibos, a traditional medicinal 

plant from South Africa, has been reported to have 

cardio-protective effects and mitigate metabolic 

disorders 
(16)

. Our results cleared that, aqueous 
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extract of rooibos was considered to be safe, 

where no mortality was observed. So, the use of 

rooibos as a beverage for everyday consumption 

has led to a general assumption of its safety as no 

reports of toxicity. Beltrán-Debón et al., 
(16) 

reported that, the consumption of rooibos "natural 

products", certain beverages containing 

polyphenols are widely distributed, and they are 

generally nontoxic and safety. 

We studied the effect of Rooibos tea extract on 

antioxidants (MDA, SOD, CAT, GPx, and GSH) 

in heart homogenate. On a hand, our results 

showed that, a significant increase in MDA levels 

in ISO group by 181.5%, (p<0.001), compared to 

negative control group this results is due to ISO 

auto-oxidation leads to generation of reactive 

oxygen species (ROS) that forming peroxyl 

radicals that attack membranes fatty acids causing 

a chain reaction of lipid peroxidation expressed as 

MDA
 (42)

.  But, preventive and therapeutic groups 

showed a significant decrease by 65.8% and 

39.3%, (p<0.001) respectively; compared to the 

ISO group due to rooibos polyphenol high content 

that inhibit lipid peroxidation (MDA) 
(43)

.  

Free radical scavenging enzymes such as (SOD, 

CAT, GPx & GSH) are the first line cellular 

defense against oxidative stress, eliminating ROS 
(44)

, and preventing the formation of more reactive 

radical of hydroxyl radical 
(45)

. On the other hand, 

SOD, CAT, GSH, and GPx  activities were 

decreased by 37.8%, 31.8%,252.1, and 50.7%;, 

respectively, (p<0.001) in ISO group compared to 

negative control group due to ISO administration 

induce severe oxidative stress through auto-

oxidation of catecholamines 
(46)

 produces 

quinones, which react with oxygen produce ROS 

(superoxide anions and hydrogen peroxide), 

leading to oxidative stress, enzyme inactivation 

and that lead to make myocardial cell membranes 

more susceptible to oxidative damage. While, their 

activities were significantly increased by 1275.6%, 

406.7%; 730.9%, and 865.2% & by 867.7%, 

180.0%,435.2%; and 320.0% in preventive and 

therapeutic groups; compared to ISO group, 

respectively due to rooibos extract contain high 

polyphenol, in particular flavonoids, flavonols and 

phenolic acids with potential health benefits as 

their antioxidant , chelating abilities 
(47)

and 

increase free radical scavenging enzymes. Our 

results were in agreement with many authors; Li et 

al., 
(48)

 reported a significant increase in the levels 

of lipid peroxidation products (MDA) in ISO-

induced rats due to oxidative damage and 

increased production of free radicals. İlhan et al., 
(49)

 demonstrated that, a decrease in SOD and CAT 

activities in ISO given rats and oxidative stress-

mediated possible MI. This is due to the fact that 

excessive superoxide anions may inactivate SOD 

enzyme, which convert superoxide anion free 

radicals (O2
-
) to H2O2 and to molecular oxygen 

(50)
. Prince & Roy., 

(51)
 found, a significant decline 

in the concentration of GSH in ISO-induced rats 

resulted in enhanced lipid peroxidation and 

lowered activities of heart GPx. Moreover, Hong 

et al., 
(52)

, reported that treatment with Rooibos tea 

restored the oxidative stress-induced reduction of 

GSH levels. As, Rooibos tea had an ability to 

prevent lipid peroxidation, regulated glutathione 

metabolism, and modulated changes in the activity 

of SOD and CAT by immobilization stress-

induced inhibitory effects on the activities of these 

anti-oxidative enzymes. 

Troponins and cytosolic enzymes such as LDH, 

AST and CK-MB are localized in the heart 

myocardium at high concentration, released into 

blood stream rapidly following myocardial 

damage 
(53)

. Galectin-3 is a novel biomarker used 

as prognostication, treatment, and therapeutic 

target in chronic heart failure (HF) 
(54)

 and may 

contribute to the development of HF by mediating 

progressive alteration of the myocardial 

extracellular matrix 
(14)

. These markers have tissue 

specificity and catalytic activities are the best 

markers of MI. Measurement of these markers 

demonstrated significant increase in AST, LDH, 

CK-MB, Troponin and Galectin-3 in ISO group by 

185.7%, 290.5%, 109.4%, 304.2%, and 205.4%; 

respectively compared to negative control group, 

(p<0.001) due to ISO administration cause cellular 

damage and loss of functional integrity and /or 

permeability of cell membrane 
(55)

. These high 

activities of heart  markers were significantly 

reduced by 57.9%, 56.7%, 55.4%, 22.7% & 

66.4%; and by 28.4%, 29.9%,  34.0%, 28.6% & 

62.8% ; respectively in preventive group and 

therapeutic group; compared to ISO group (p 

<0.001). This is due to rooibos high levels content 

of total polyphenols, in particular flavonoid, with 

proven antioxidant capacity 
(5)

 and beneficial 

effects on vascular function 
(56)

 cause cardio-
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protective competence and maintenance of 

membrane integrity, thus restricting the leakage of 

these cardiac markers into circulation. 

Many authors were in accordance with our 

findings, Panda et al., 
(38)

 reported increased of 

LDH, CK-MB and troponin levels in the serum 

following ISO administration are indicative of 

cellular damage and loss of functional integrity 

and/or permeability of cell membrane due to 

myocardial damage following necrosis in the 

myocardium 
(42)

. Chen et al., 
(57)

 found that, 

increased Galectin-3 was positively associated 

with the severity of heart failure, that is, Galectin-

3 levels higher in those with heart failure than that 

in healthy controls. 

In lipid profile measurements, Triglycerides and 

total Cholesterol levels were increased in the ISO 

group by 51.2% & 59.4%; respectively (p<0.001) 

compared to negative control group. Also, LDL-C, 

VLDL, and AI were increased by 74.1%, 64.6%, 

and 403.8%; respectively, in ISO group compared 

to negative control group., (p<0.001). But, HDL-C 

was significantly decreased from by 52.1% in ISO 

group, compared to negative control group, 

(p<0.001).This is due to ISO elevated circulatory 

lipids levels (altered lipid metabolism)
 (56)

 by 

increasing cholesterol content due to increased 

uptake of LDL-C from the blood by myocardial 

membranes 
(4)

, increasing triglycerides due to 

elevated flux of fatty acids and impaired removal 

of VLDL from the plasma 
(59)

, increasing LDL 

fraction along with a decrease in HDL-C 
(60)

. 

Meanwhile a significant decrease in TG and 

cholesterol levels by 69.5% & 43.4%, and by 

31.5% & 33.4%; (p<0.001); respectively in 

preventive group and therapeutic group compared 

to ISO group. But, LDL-C, VLDL, and AI 

measurements were significantly decreased by -

55.8%, 46.8%, and 38.3% & by 37.5%, 31.2%, 

and 45.0%; respectively in preventive & 

therapeutic groups, (p<0.001). While, HDL-C 

concentration was increased by 141.4%, and by 

79.8%; in preventive and therapeutic groups; 

respectively,(p<0.001). Rooibos showed 

ameliorate lipid profile due to rooibos high content 

of polyphenols and their antioxidant activity 

provide protection against oxidative stress 

conditions; modulate the plasma lipid profile and 

antioxidant status 
(5)

.  

Our data were inagreement with, Sharmila& 

John, 
(61)

 who observed that, an altering plasma 

lipid profile in ISO-induced rats due to increased 

levels of plasma triglycerides, decreased number 

of LDL receptors and high levels of LDL-C, in 

addition, the decreased levels of HDL makes the 

heart able to oxidized LDL and cause MI. The 

increased lipolysis induced by ISO is the reason 

for increased VLDL-C. Marnewick et al., 
(5)

 

showed that the dietary intervention with rooibos 

modulated the serum lipid profile of the 

participants by significantly decreasing the 

triglyceride and LDL-C levels and increasing the 

HDL-C level. Total cholesterol was also lowered, 

while HDL-C was significantly higher compared 

to the control.  

To confirm our biochemical data, 

Histopathological study was done. Negative and 

Rooibos groups revealed normal healthy heart 

while, ISO induced of MI heart tissues showed 

widespread myocardial structure disorders and 

subendocardial necrosis with capillary dilatation 

and leukocyte infiltration. However, Rooibos 

administration resulted in heart affection either in 

both therapeutic and preventive groups. But, 

Rooibos showed a preventive effect more than 

therapeutic effect. Therefore, Rooibos has a 

protective potential role as in MI. Our findings are 

in accordance with other authors, Li et al 

.,
(48)

reported that, histopathological examination of 

myocardial tissue in control illustrated clear 

integrity of the myocardial cell membrane where 

ISO injected rats showed coagulative necrosis, 

separation of cardiac muscle fibers and infiltration 

of inflammatory cells. 

CONCLUSION: 

In conclusion rooibos extract may be safe and non-

toxic, it has a significant effect on the protection of 

the heart against isoproterenol induced myocardial 

infarction through maintaining endogenous 

antioxidant enzyme activities preserving the 

integrity of membranes, preventing lipid 

peroxidation. Therefore, Galectin-3 may be a 

culprit biomarker in heart failure. Daily 

consumption of rooibos tea may have health-

promoting characteristics and prevents heart 

disorders without side effects. 
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Table (1):  Table (1). Representative Surface Area to Weight Ratios, [km] for Various 

Species: 
 
 
 
 
 
 
 
 

 
Table (2):  Heart Biomarkers in all studied groups:  

Significant difference at (*P < 0.05, **P < 0.01, ***P < 0.001) 

 

 

 

 

Table (3): Non-enzymatic and Enzymatic anti-oxidants in all studied groups: 

Significant difference at (*P < 0.05, **P < 0.01, ***P < 0.001) 

 

 

 

 

 

 

 

Species              Body Weight [kg]      Body Surface Area [sq.m.]                      km factor 

Mouse                            0.02                                  0.0066                                       3.0  

Rat                                 0.15                                   0.025                                        5.9  

Monkey                          3.0                                     0.24                                          12  

Dog                                 8.0                                     0.40                                         20 

Human, Child               20                                      0.80                                         25 

Human, Adult               60                                      1.6                                           37 

 

 

Variables 

Negative control 

group 

Rooibos Control (R.Ex.) 

group" 

ISO Control (Iso.) Group  Preventive Group 

 (Iso + R.Ex.) 

Therapeutic Group  

(R.Ex+ Iso.) 

Mean± 

SD. 

% 

Change 

Mean± 

SD. 

% 

Change 

Mean± SD. % 

Change 

Mean± SD. % 

Change 

Mean± SD. % 

Change 

AST(U/

L) 

97.2±3.9 ------- 82.3 ±2.3 -15.3% 277.7 ±20.8 

*** 

185.7% 116.8 ±2.7 

*** 

-57.9% 198.9±6.0 

*** 

-28.4% 

LDH(U/

L) 

234.3±17.1 ------- 240.1 ±6.2 2.4% 915.0 ±106.3 

*** 

290.5% 396.1±57.5 

*** 

-56.7% 640.8±60.4 

*** 

-29.9% 

CK-MB 

(U/L) 

59.5±2.0 ------- 64.5 ±0.9 8.4% 124.6±7.1 

*** 

109.4% 55.6 ±4.6 

*** 

-55.4% 82.2±4.1 

*** 

-34.0% 

Troponi

n  

(pg/ml) 

64.5±4.5 ------- 54.7±2.9 -15.2% 260.7±8.0 

*** 

304.2% 201.4±2.7 

*** 

-22.7% 186.2±4.5 

*** 

-28.6% 

Galctin-

3 

(ng/ml) 

3.7±0.07 ------- 3.6±0.05 -2.7% 11.3±0.9 
*** 

205.4% 3.8±0.19 
*** 

-66.4% 4.2±0.13 
*** 

-62.8% 

 

Variables 

Negative control 

group 

Rooibos Control (R.Ex.) 

group" 

ISO Control (Iso.) Group  Preventive Group 

 (Iso + R.Ex.) 

Therapeutic Group  

(R.Ex+ Iso.) 

Mean± 

SD. 

% 

Change 

Mean 

± SD. 

% 

Change 

Mean± SD. % 

Change 

Mean 

± SD. 

% 

Change 

Mean± 

SD. 

% 

Change 

MDA 

(nmol/g 

tissue) 

23.3±1.3 ------- 18.2 ±0.9 -21.8% 65.6 ±7.0 

*** 

181.5% 22.4 ±1.1 

*** 

-65.8% 39.8±3.6 

*** 

-39.3% 

SOD (U/ 

g tissue) 

95.9±8.

4 

------- 141.5 

±23.7 

47.5% 59.6 ±6.3 

*** 

-37.8% 819.9±65.6 

*** 

1275.6% 579.7±99.1 

*** 

867.7% 

CAT (U/ 

g tissue) 

1.1±0.09 ------- 1.6 ±0.2 45.5% 0.75±0.13 
*** 

-31.8% 3.8 ±0.68 
*** 

406.7% 2.1±0.27 
*** 

180.0% 

GPx (U/ g 

tissue) 

72.1±4.7 ------- 87.5±5.8 21.4% 35.5±3.3 

*** 

-50.7% 340.7±65.3 

*** 

865.2% 149.1±23.5 

*** 

320.0% 

GSH 

(nmol/ g 

tissue) 

2.5±0.4 ------- 2.6±0.4 4.0% 0.71±0.13 

*** 

-252.1% 5.9±0.99 

*** 

730.9% 3.8±0.34 

*** 

435.2% 



81                                                                         Reda M.Fekry et al, 2014 

Biochemistry letters, 9(6) 2014, Pages: 71-81 

 81 

Table (4):  Lipid profile in all studied groups: 

Significant difference at (*P < 0.05, **P < 0.01, ***P < 0.001) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1)The histological examinations of heart tissues in all studied groups, (H&E X 400). 

(a): A photograph of Negative Control Group: Heart with normal myocardial muscles. 

(b): A photograph of Rooibos (R.Ex.) group Heart apparently healthy myocardial muscles.  

(c): A photograph of ISO group Heart with muscular hyalinosis, hemorrhagic areas (black arrow), 

 and infiltration of mononuclear cells (blue arrow).  

(d): A photograph of Preventive group Heart apparently normal myocardial muscles.  

(e): A photograph of Therapeutic group Heart with congested blood vessel (arrow). 

 

Variables 

Negative control group Rooibos Control 

(R.Ex.) group" 

ISO Control (Iso.) 

Group  

Preventive Group 

 (Iso + R.Ex.) 

Therapeutic Group  

(R.Ex+ Iso.) 

Mean± 

SD. 

% 

Change 

Mean± 

SD. 

% 

Change 

Mean± SD. % 

Change 

Mean± 

SD. 

% 

Change 

Mean± 

SD. 

% 

Change 

TG (mgdl) 60.0±3.3 ------- 52.0 ±0.7 -13.3% 90.7 ±0.88 
** 

51.2% 53.5 ±1.6 
*** 

-69.5% 62.1±3.9 
*** 

-31.5% 

Cholesterol 

(mg/dl) 

82.2±1.3 ------- 85.2 ±1.9 3.6% 131.0 ±3.5 
*** 

 

59.4% 74.2±1.4 
*** 

-43.4% 87.2±3.8 

*** 

-33.4% 

LDL-C 

(mg/dl) 

51.4±3.0 ------- 48.8 ±4.4 -5.1% 89.5±3.0 
*** 

74.1% 39.5 ±5.0 

*** 
-55.8% 55.9±42.6 

*** 
-37.5% 

HDL-C 

(mg/dl) 

35.3±2.1 ------- 37.0±1.7 4.8% 16.9±0.5 
*** 

-52.1% 40.8±2.7 
*** 

141.4% 30.4±4.7 
*** 

79.8% 

VLDL 

(mg/dl) 

11.3±1.2 ------- 10.2±0.3 -9.7% 18.6±0.7 
*** 

64.6% 9.9±0.6 
*** 

-46.8% 12.8±01.0 
*** 

-31.2% 

AI 1.33± 0.148 ------ 1.30± 0.125 -2.25% 6.71± 0.325*** 403.8% 0.82± 0.094 
          *** 

-38.3% 1.93±  0.486 
              *** 

-45.0% 


