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Background: Isoproterenol, a β-adrenergic agonist, may induce myocardial infarction when 
used in high dosage in rats. This study was conducted to evaluate the effect of the ethanol 
extract of Kleinhovia hospita leaves on cardiac biomarkers and myocardial structures of rats 
induced by isoproterenol.

Methods: Male rats (n=30) were assigned as a normal controls or treatment groups. The 
treatment groups received pretreatments, either placebo or the extract at doses of 250, 
500, or 750 mg/kg for 14 days, followed by two isoproterenol injections at 100 mg/kg. 
After 24 hours, blood samples were taken and the hearts dissected. The tested cardiac 
biomarkers were creatinine kinase myocardial band (CKMB) and lactate dehydrogenase 
(LDH). Heart histopathology analysis was performed followed by staining of samples 
with hematoxylin and eosin.

Results: The isoproterenol injections significantly increased CKMB and LDH levels in the 
placebo group compared to those in normal controls. Pretreatment with the extract at doses of 
500 and 750 mg/kg significantly reduced the serum CKMB and LDH levels compared to those 
of the placebo. The histopathological examinations showed the presence of diffused necrosis 
and severe inflammation in the placebo group. Pretreatment with the extract at 500 or 750 mg/
kg significantly reduced the myocardial tissue damages in rats.

Conclusion: The K. hospita extract at doses of 500 or 750 mg/kg significantly reduced the 
infarctions in the rats’ heart tissue, shown by significantly low levels of CKMB and LDH, 
and reduced necrotic lesions and inflammation in the rat heart tissue samples induced by 
isoproterenol pretreatment.
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Introduction

ardiovascular disease is one of the lead-
ing causes of death, which accounts for 
32% of the mortality around the world 
[1]. Myocardial Infarction (MI) is still 
one of the most fatal cardiovascular dis-

eases, even though the mortality rate is declining over 
the past two decades due to advancements in the health-
care [2]. This condition mainly occurs due to blockage 
of the coronary arteries, causing continuous deprivation 
of oxygen and nutrition to areas of the myocardium. As 
a result, oxidative stress, lipid membrane peroxidation, 
and damages occur in the cellular lipid membranes. 
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These events inevitably lead to pathological alterations 
in myocardial metabolism, and consequently terminate 
in cellular death or necrosis [3]. In an effort to search for 
potential treatments, it is important to use experimental 
models that mimic the pathogenesis of myocardial in-
farction in clinical settings. Isoproterenol is a β-1 and 
β-2 adrenergic receptor agonist. This drug over-stimu-
lates the receptors when used in high dosage, thereby, it 
is often used to induce myocardial infarction in animal 
models [4, 5].

For many years, the use of natural resources as tradi-
tional medicines has become a growing demand because 
they are considered safer, inexpensive, and reasonably 
effective [6]. Natural resources contain numerous bioac-
tive compounds, which may be useful in the treatment 
of myocardial infarction [7]. Kleinhovia hospita (K. 
hospita) is a plant that is commonly found in Indonesia 
and has been used for its therapeutic effects. This plant 
contains phytochemicals, such as flavonoids, tannins, 
and saponins [8]. Also, most of the bioactive compounds 
from K. hospita plant have demonstrated potent antioxi-
dant properties by earlier studies [9-12]. In addition, the 
K. hospita leaves are rich flavonoid glycosides with po-
tent anti-inflammatory properties [12].

The extract of K. hospita leaves have been extensively 
studied in preclinical settings since it has anti-inflamma-
tory and antioxidant activities [13-15]. Moreover, it has 
been reported that the extract is not only effective in pro-
tecting against hepatic injuries, but also reduces doxo-
rubicin-induced myocardial damages [16]. Therefore, 
the present study aimed to investigate the effects of K. 
hospita extract against cardiac biomarkers elevation and 
myocardial damages induced by isoproterenol in rats.

Materials and Methods

Chemicals and drugs: Isoproterenol was purchased 
from Sigma Chemical Co. (Singapore). Other labora-
tory chemicals, such as CK-MB NAC activated and 
LDH SCE mod. Liquid UV were purchased from HU-
MAN Biochemical and Diagnostic GmbH (Wiesbaden, 
Germany).

Plant materials and preparation of extract: Fresh 
samples of K. hospita leaves were collected in Makas-
sar, Indonesia. They were dried and cut into small pieces 
then softened for three days in 70% ethanol. The liquid 
extract was concentrated using a rotary evaporator, and 
stored in a desiccator. The thick extract material was 
suspended in 1% sodium carboxymethyl cellulose (Na-
CMC) and prepared at three concentrations of 250, 500 

and 750 mg/kg. Each of the extract preparations was dis-
solved in distilled water to make up a volume of 1ml/100 
g of the body weight and administered to the rats orally.

Experimental animals: In this study, thirty male Wi-
star rats, weighing 170-200 g, were used as the experi-
mental animals. The rats were cared for in a laboratory 
with standard facilities under 12-hour of light and dark 
cycles at 25oC temperature and 50-70% humidity. All 
study protocols were designed and adhered to the stan-
dards of care for animal experiments and were approved 
by the Institutional Ethics Committee, Hasanuddin Uni-
versity, Makassar, Indonesia (Code: 751/UN4.6.4.35.1/
PP36/2022).

Experimental design: The rats were divided into five 
groups of six:

Group 1: Normal controls; rats received no treatment. 

Group 2: Placebo; rats received 1% sodium carboxy-
methyl cellulose.

Group 3: Rats received the extract at 250 mg/kg. 

Group 4: Rats received the extract at 500 mg/kg.

Group 5: Rats received the extract at 750 mg/kg.

The treatments in the placebo and extract groups 
(groups 2-5) were administered daily for 14 consecu-
tive days. On days fourteenth and fifteenth, isoproter-
enol (ISO) was injected at 100 mg/kg into the animals 
subcutaneously. After 24 hours of administration of the 
last ISO dose, the animals were anesthetized with 0.5-
1 mL ether through inhalation. Subsequently, a blood 
sample was taken from each rat through the retro-orbit-
al veins and collected into a vacutainer tube, containing 
anticoagulant. The blood samples were centrifuged at 
3000 rpm for 10 minutes to obtain the sera, which were 
stored at -20oC until they were analyzed for their bio-
markers’ contents.

Serum Biomarker Analyses: The levels of creatinine 
kinase, myocardial band (CK-MB) and lactate dehydro-
genase (LDH) were determined with Humalyzer 3500 
(HUMAN; Wiesbaden, Germany), using the CK-MB 
NAC and LDH SCE reagents, based on the supplier’s 
instructions. 
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Histopathological examinations: After the blood sam-
ples collection, the rats were euthanized and the hearts 
were dissected carefully and fixed in 10% formalin for 48 
hours. Next, the hearts were sectioned at 1-cm thickness 
before being placed into a tissue processing machine for 
12 hours. The sample tissues were embedded in paraf-
fin wax blocks and cut into 4 µm sections on a micro-
tome. The tissue sections were placed onto glass slides 
and dried on a heating plate for 2 hours before staining 
with hematoxylin and eosin. Each slide was covered with 
a glass cover and allowed to dry. Finally, the slides were 
examined under light microscopy at 200x magnifications 
and photographed with a digital camera.

Histopathological scoring: The scores of myocardial 
damages were determined by an anatomy pathologist, 
who was blinded to the treatment groups. The damages 
were scored based on valid signs of inflammation, necro-
sis, and/or hemorrhage. A score of 0 meant no pathologi-
cal alterations found in the heart tissues, and considered 
as being healthy. A score of one meant slight to minimal 
damages affecting <25% of the observed areas. A score 
of two meant moderate damages found in 25-50% of the 
observed areas. A score of three meant severe damages 
affecting 50-75% of the areas, and a score of four meant 
heavy or massive damages observed in 75-100% of the 
examined histological areas [4].

Statistical analysis: All experimental data were pre-
sented as the Means±SE of the means, and the data nor-
mality was validated, using a Saphiro-Wilk test. All data 
representing cardiac biomarkers were normally distrib-
uted and statistically analyzed, using one-way ANOVA 
followed by a post hoc Tukey’s HSD test. The differ-
ences among and between the groups were considered 
statistically significant at P≤0.05. The categorical data 
were analyzed, using a Kruskal-Wallis analysis method 
followed by a Mann-Whitney test to obtain the statisti-
cal significance between pairs of the groups.

Results

Cardiac biomarkers analyses: The levels of rats’ car-
diac biomarkers are presented in Figure 1. The subcu-
taneous injection of ISO for two days (days 14 and 15) 
significantly increased CK-MB (P<0.001) and LDH 
levels (P<0.05) compared to the normal controls. The 
administration of the extract at doses of 500 and 750 mg/
kg before ISO injection significantly reduced the CK-
MB and LDH levels in the sera compared to the placebo 
group (P<0.05).

Histopathological examinations: Figure 2 illustrates 
the microscopic images of the myocardial tissue sam-
ples of the rats. It is shown that in the normal control, 
the heart tissue did not show marked histopathological 
changes, and the cardiac myocytes’ architecture was 
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Figure 1: The levels of creatine kinase myocardial band (CKMB) and lactate dehydrogenase (LDH)  
in various treatment groups.  *P<0.05, **P<0.01, and ***P<0.001 compared to the placebo group. 
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normal without the presence of hemorrhage, necrosis, 
and inflammation. Meanwhile, in the placebo group 
(group 2), the presence of myocardial infarction was 
evident, as characterized by diffuse necrosis and severe 
inflammation. The administration of the extract at doses 
of 500 or 750 mg/kg before ISO treatment, significantly 
reduced the cardiac necrosis and inflammatory changes 
subsequent to the ISO injection (P<0.05).

In Table 1, the extents of myocardial damages were 
scored based on the presence of necrosis, inflammation, 
and hemorrhage within the observed areas (magnifica-
tion x200). The rats in the normal control group had no 

or very minimal damages in the myocardial tissue sam-
ples (scored 0). The intensity of inflammation, hemor-
rhage and the area of necrosis were most severe in the 
placebo group (group 2). With the extract treatment at 
250 mg/kg, the intensity of inflammation was slightly 
reduced but the necrosis was still prominent (scored 3). 
With higher doses of the extract treatment at 500 or 750 
mg/kg, the severity of inflammation was lowered sig-
nificantly and only limited cellular necrotic areas were 
observed. 
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Figure 2: Representative microscopic images of myocardial tissue in normal control group. 
(a): the placebo group; (b): the extract, 250 mg/kg treatment group; (c): the extract, 500 mg/kg treatment group;  
(d): the extract, 750 mg/kg group; and (e): Area of necrosis (orange arrow), hemorrhage and edema (black arrow) 
and inflammatory cells (blue arrow). 
 
  

Figure 2. Representative microscopic images of myocardial tissue in normal control group

a) The placebo group; b) The extract, 250 mg/kg treatment group; c) The extract, 500 mg/kg treatment group; d) The extract, 750 mg/
kg group; e) Area of necrosis (orange arrow), hemorrhage and edema (black arrow) and inflammatory cells (blue arrow).
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Discussion

Myocardial infarction is defined as cellular necrosis 
due to an imbalance between the demand and supply of 
oxygen to the myocardium over a long period of time 
[17]. An increase in oxygen demand in the myocardium 
may occur due to the increased heart rate and contractil-
ity [18]. The decrease in oxygen supply can be caused by 
obstruction or vasoconstriction that impedes the blood 
flow to the myocardium, low levels of oxygen in body 
tissues, anemia, or hypotension [19].

As a β-adrenergic agonist, ISO may instigate severe 
oxidative stress against the myocardium when adminis-
tered in high dosage. Such a treatment causes increased 
contractility and rapid heart rate, forcing the cardiac 
myocytes to demand high oxygen and ATP supplies. 
The increased consumption of oxygen and ATP leads 
to high production of reactive oxygen species, inducing 
auto-oxidation of catecholamine molecules [20]. Sev-
eral studies have reported that excess auto-oxidation of 
catecholamines triggers peroxidation of the membrane 
phospholipids, mediated by free radicals, and leads to 
alterations in the myocardial permeability, excessive 
intracellular calcium, and permanent damages to myo-
cardial cells [21].

In this study, the effect of K. hospita extract was ex-
amined against the elevation of cardiac biomarkers and 
histopathological changes in rats’ heart tissue induced 
by ISO. The induced infarction has been widely used 
to study the cardioprotective effects of phytochemicals; 
plant extracts, derivatives, analogs; and other herbal or 
mineral formulations [22]. The injection of ISO subcu-
taneously at 100 mg/kg resulted in increased release of 
myocardial enzymes, such as CK-MB and LDH, leading 
to their elevations in the rats’ sera. The administration of 
K. hospita extract at 500 or 750 mg/kg prior to ISO injec-

tion was able to significantly reduce both CK-MB and 
LDH levels in the rats’ sera. In addition, the extract at 
the given doses significantly protected the myocardium 
against necrosis and inflammation.

The cardioprotective effect of the K. hospita extract is 
believed to be linked to the presence of bioactive com-
pounds in the plant’s leaves. The study of K. hospita 
compounds revealed the presence of fatty acids with 
cyclopropene rings [9]. These include kaempferol 3-O-
b-D-glucoside and eleuthero, cycloartane triterpenoids, 
such as gardenolic acid B, and kleinhospitines A, B, C, 
and D [10]. The K. hospita leaves also contain 3-acetyl-
12-en-28-oic acid and (R)-N-trans-feruloyl octopamine 
[9]. More recently, kleinhospitine E and new cycloartane 
triterpenoids have been isolated from the methanolic ex-
tract of K. hospita leaves [23]. 

The potent antioxidant properties of K. hospita com-
pounds may potentially contribute to its cardioprotec-
tive properties by reducing oxidative stressors in cardiac 
myocytes. Oxidative stress plays an important role in the 
development of myocardial infarction, since it triggers 
a series of events that lead ultimately to cellular death 
[24]. In addition, oxidative stress also activates the JNK, 
NF-kB, and NLRP pathways, which further promote the 
production and release of pro-inflammatory cytokines 
[25]. The NF-κB is a transcription factor that functions 
as an important mediator of the inflammatory response. 
This factor induces the production of various pro-in-
flammatory genes, including those encoding for such 
cytokines as TNF-α and IL-6, and IL-1B [26, 27]. These 
pro-inflammatory cytokines and signaling pathways 
can activate myocardial cell apoptosis and promote the 
development of myocardial infarction [28]. Flavonoid 
glycosides contained in the K. hospita extract also have 
anti-inflammatory activities that suppress the production 
of tumor necrosis factor-α (TNF-α), interleukins 1 and 

Table 1. The score of myocardial injuries including inflammation, hemorrhage, and necrosis in rats treated with isoproterenol

Group
Cardiac Histopathological Features

Inflammation Hemorrhage Necrosis

Normal 0.00±0.00* 0.00±0.00* 0.00±0.00*

Placebo 2.67±0.33 1.00±0.00 3.00±0.00

250 mg/kg 1.67±0.67 1.00±0.00 3.00±0.58

500 mg/kg 1.00±0.00* 0.67±0.33 1.00±0.00*

750 mg/kg 1.00±0.00* 0.67±0.33* 1.00±0.00*

*P<0.05 compared to the negative control group. Extract=K. hospita leaf extract.
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6 (IL-1 & IL-6) through inactivation of NF-κB. These 
compounds are believed to make considerable contri-
butions to the anti-inflammatory effect of K. hospita 
extract, leading to decreased inflammatory areas in the 
treated rats’ myocardium.

Conclusions

This study demonstrated that ISO can induce myocar-
dial infarction. However, the use of the K. hospita leaf 
extract over 14 days prior to ISO exposure reduces the 
myocardial damages secondary to the effect of this drug. 
This effect was supported by significant reductions in 
CK-MB and LDH levels in the rats’ sera, and improved 
myocardial tissue damages, as evident by the findings 
documented upon histopathological examinations. The 
cardio-protective effects of the extract are likely to be 
associated with the bioactive compounds present in the 
ethanol extract of K. hospita leaves.
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