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ABSTRACT
Objective: This study was conducted to determine the cardioprotective effect of secang extract on the heart cells of rats who suffered from myocardial
infarction induced by isoproterenol.
Materials and Methods: Sprague Dawley rats were divided into six groups: Normal control, negative control, control extract (200 mg/kg), and three
different dose extract groups (50, 100, and 200 mg/kg body weight) that were given treatment for 30 days, and then, induced with isoproterenol.
Observations were made for changes in the macroscopic appearance, cardiac weight, and histology of the cardiac organ.

Results: The results showed a decrease in the incidence of myocardial infarction in rats given secang extract. The infarction area decreased with
increasing doses of extract. The weight of the heart in the control extract group was smaller than in the negative control group.
Conclusions: Damage to heart cells, seen in the microscope, decreased with increasing doses.
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INTRODUCTION
Myocardial infarction is a common type of ischemic heart disease.
Myocardial infarction occurs when the myocardium cells undergo
ischemia that exceeds the critical threshold, resulting in irreversible
cell damage. Although clinical care has enhanced, public awareness
of health has increased, and health innovations are widely
used, myocardial infarction remains the leading cause of death
worldwide [1]. Myocardial infarction is the primary lethal result of
prolonged myocardial ischemia. Myocardial cells begin to decease
approximately 20 minutes after a loss of oxygen supply. After this
period, cells are unable to produce ATP aerobically and fail to meet
energy requirements [2]. A lack of oxygen supply in the myocardium
cells is due to a coronary artery blockage caused by atherosclerosis.
Atherosclerosis is the hardening of arteries caused by the
accumulation of fat deposits, platelets, neutrophils, monocytes, and
macrophages throughout the intima tunica region (endothelial cell
layers). Risk factors that affect atherosclerosis include hyperlipidemia
and inflammation, both of which play a vital role in the progression
of atherosclerotic plaques [3]. Inadequate oxygen flow in myocardial
cells results in necrosis of the myocardium. The occurrence of necrosis
in the myocardium is related to the formation of free radicals that
trigger the release of cytokines. The cytokines that affect myocardium
cell injury are tumor necrosis factor alpha (TNF-α), interleukin-6
(IL‑6), IL-1, and IL-8 [4].
Indonesia is a nation that is rich in medicinal plants. One of the plants
that has medicinal properties is the secang plant (Caesalpinia sappan
Linn). C. sappan Linn is known as a natural dye product that produces
a red. Secang is also used as an herbal remedy for inflammation and
increased blood vessel flow. Based on previous tests in vitro, it is
known that the brazilin content of secang is a compound that can
provide anti-inflammatory effects [5]. In addition, secang shows antiinflammatory effects by decreasing the infract area of a brain that
suffers from ischemic stroke [6]. With its anti-inflammatory activity
and antioxidant properties, secang is predicted to be able to inhibit

the death of myocardial cells by protecting them against oxidative
stress and inhibiting the secretion of proinflammatory cytokines
which can cause damage. In this study, experiments were conducted to
determine the effect of secang extract on the heart cells of rats induced
by isoproterenol. The macroscopic appearance, cardiac weight, and
histology of the cardiac organ were carried out for the observation.
This study was done to test the cardioprotective effect of secang
wood extract on the incidence of myocardial infarction through antiinflammatory mechanisms.
MATERIALS AND METHODS

Materials
This study had been approved by the Ethics Committee, Faculty
of Medicine Universitas Indonesia (Letter Number: 401/H2.F1/
ETIK/2014). A material used for this research was secang extract
obtained from Javaplant, Surakarta, Indonesia. The chemicals used
were isoproterenol (SIGMA Chemical, Darmstadt, Germany), 0.9%
sodium chloride (NaCl) solution (Sigma-Aldrich, Nucleos, Singapore),
Bouin solution (Sigma-Aldrich, Nucleos, Singapore), 70% alcohol
solution (Jayamas Medica Industri, Sidoarjo, Indonesia), and 10%
formalin solution (Sigma-Aldrich, Nucleos, Singapore).
Methods

Induction of myocardial infarctions
The animals used in this study were white, male Sprague Dawley rats
weighing between 200 and 250 g. Animals were divided into six groups:
Normal control, negative control (ISO), control extract, and three
different doses of secang extract groups. Based on Ansari, Bhandari,
and Pillai’s [7] studies on rats, isoproterenol was administered at
a dosage of 85 mg/kg body weight per 24 hrs for 2 days to induce
myocardial infarction. Previously, animals were given a pretreatment of
secang extract with three variations of doses (50, 100, and 200 mg/kg
body weight) for 30 days. A 24 hrs after the last induced infarction, the
animal was dissected for its heart organ.
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Macroscopic observations and experimental animal heart weight
After the experimental animals were dissected for their heart organs,
the wet weight of the heart organs was measured. Heart organs taken
from experimental animals were cleaned with 0.9% sodium chloride
solution then drained. After cleansing and draining, photographs of
each heart organ were taken and the macroscopic appearance of each
group compared. After that, the heart organs were weighed using an
analytic scale. Furthermore, statistical analysis of the weight data of the
experimental animals was done.

Observation of histology preparations of the heart

After weighing the experimental animal hearts, the heart organs were
submitted for histology preparations. The apical part of the heart organ
was cut to make the histology preparation. Several observations of the
histology preparations were made. The observed conditions were the
necrosis of the nucleus of heart muscle cells, along with the entire cell;
the presence or absence of neutrophil infiltration in cardiac muscle
tissue; and the occurrence of edema in cardiac muscle tissue. These
observations were recorded, in terms of the amount of cardiac muscle
tissue damage, using the scoring system below (Table 1).
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From data observation, it can be suggested that pretherapy, using
secang extract, can reduce the risk of myocardial infarction. This can
be seen in Fig. 3, where there is a decline in the cardiac infarction heart
area in groups that are given secang extract at a dose of 50 mg/kg body
weight (a), 100 mg/kg body weight (b), and 200 mg/kg body weight (c).
The higher the dose given the fewer is the infarcts. At a dose of 200 mg/
kg body weight, the macroscopic appearance almost resembles a
normal heart. However, the magnitude of the infarcts between doses
cannot be measured quantitatively, so the data obtained cannot be used
to determine the severity of the infarction.
Microscopic observation
Once the hearts were observed macroscopically, histological samples
were made to observe infarction changes microscopically. The results
are illustrated in Figs. 4 and 5. Figs. 4 and 5 show the histologic pictures
of each group. Normal groups do not show any myocardial necrosis,
leukocyte infiltration, or interstitial edema. The control extract group
also shows the same results, proving that secang extract does not

RESULTS AND DISCUSSION

Heart weight change in rats
After the rats were sacrificed for their hearts, six hearts in each
group were weighed. As shown in Fig. 1, the mean cardiac weight
between the normal group and the negative group induced by
isoproterenol showed a significant difference (p<0.05), where the
weight of the heart induced by isoproterenol was greater than that
of the normal heart. The increase in heart weight, associated with
increased water content and intramuscular space edema, agreed
with results in previous studies that observed the swelling of the
intramuscular space and cellular infiltration after induction of
myocardial infarction [1]. The heart weight of rats that were given
a pretreatment with secang showed a decrease in heart weight
compared to the negative group, although the weight difference was
not significant (p>0.05). The amount of weight loss of the heart was
observed to be dose-dependent. From the data obtained, it appears
that secang extract can protect rat heart muscle from myocardial
infarction induced by isoproterenol.
Macroscopic observation of rat heart
After the weighing process, macroscopic observations were done to
determine the presence or absence of infarction in the heart of each
test group. The results of the observations can be seen in Figs. 2 and 3.
In Fig. 2b, it can be seen that the apex of the heart is white, showing
an incidence of infarction in that area. Fig. 2c, which is the heart of the
group given a dose of 200 mg/kg of extract per body weight without
induction of isoproterenol, had the same macroscopic appearance.
Fig. 2a shows a normal control. Based on these results it can be stated
that secang extract has no effect on morphological changes in the
normal heart.

Fig. 1: The rat weight ratio comparison chart. *p<0.05, the normal
group had a significant difference when compared with the
negative control group (ISO)
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Severe
Nil
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Nil
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Moderate
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Inflammatory cell infiltration
Interstitial edema

Scoring system adapted from Li, Wang, Guo, Deng, Zheng, Xu, Wu, and Dai, 2012

c

Fig. 2: Macroscopic heart observations: (a) Normal heart;
(b) negative control heart; (c) extract control heart

Table 1: Scoring system of heart muscle tissue damage

Parameter

b

a

b

c

Fig. 3: Macroscopic heart observations: (a) Dose 1 (Secang
50 mg/kg body weight + ISO); (b) Dose 2 (Secang 100 mg/kg body
weight + ISO); (c) Dose 3 (Secang 200 mg/kg body weight + ISO)
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Fig. 4: Histology of the normal heart, the negative control,
and extract control with 400 times magnification, (a) normal,
(B) negative control, (C) extract control

a

Fig. 5: Cardiac histology pretreatment with secang extract
(Caesalpinia sappan Linn). (a) Dose 1, (b) dose 2, and (c) dose 3
with 400 times magnification
Table 2: The effect secang extract has on histological changes in
experimental rat hearts
Group

n Myocardial
necrosis

Control
ISO
Extract
Dose 1
Dose 2
Dose 3

5
5
5
5
5
5

Inflammatory cell
infiltration

Interstitial
edema

‑

+ ++ +++

‑

+

++

+++

‑

+ ++ +++

5
0
6
0
0
0

0
0
0
0
1
5

5
0
5
0
0
0

0
0
0
0
1
5

0
5
0
1
4
0

0
0
0
4
0
0

6
3
6
0
1
3

0
0
0
2
4
2

0
0
0
1
4
0

0
5
0
4
0
0

‑: No abnormality, +: Mild, ++: Moderate, +++: Severe

β-adrenergic inotropic response, and activates pro-apoptotic pathways
in the myocardium. α-factor tumorecrosis is secreted in large quantities
in the myocardium causing ischemia and reperfusion, factors that
are thought to have a significant effect on cell apoptosis. Therapeutic
agents with components that can resist apoptosis inhibit cell death and
prevent injury [8,9].

As has been reported in previous studies, IL-1β expression, IL-6, and
TNF-α are responsible for the activation of inflammatory cascades
and the continued disturbance of myocardial damage [8,9]. The
α-factor is secreted in copious quantities in isoproterenol-induced
myocardium [10]. Pre-treatment with secang extract (Caesalpinia
sappan Linn) decreases expression of pro-inflammatory cytokine gene
in isoproterenol-induced myocardium, thereby reducing the expression
of proinflammatory cytokines, inhibiting inflammation and preventing
myocardial injury induced by isoproterenol
CONCLUSION

c

b
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0
0
0
3
0
0

0
2
0
0
0
0

have a negative effect on heart muscle cells. In contrast, the negative
control group shows severe myocardial necrosis, moderate leukocyte
infiltration, and interstitial edema in some heart muscle tissue.

In Fig. 5, pictures show that the dose 1 group has an infiltration of
neutrophils which disappears with dose 2 and dose 3. The infiltration
of neutrophils at dose 1 in Fig. 5 is less compared to negative control
in Fig. 4. Table 2 shows a significant decrease in severity (p<0.05)
between dose 1, dose 2, and dose 3. This shows that the secang extract
can decrease the incidence of infarction.
Based on previous studies, inflammatory agents known are TNF-α,
IL-1β, and IL-6. Pro-inflammatory cytokine necrosis factor-α
produces cardiotoxic effects, suppresses contractile function, reduces

Based on the results of the study, to determine the cardioprotective
effect of secang extract, it can be concluded that administering a
pretreatment of secang extract in isopropanol induced-male white rats
can protect heart muscle cells. This was seen through the decrease in
heart weight and improvement in the histology of the heart.
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