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Abstract
BACKGROUND: In experimental animals, the induction of isoproterenol, a synthetic catecholamine, can cause 
acute myocardial infarction where the pathophysiology and morphology are the same as myocardial infarction in 
humans. Isoproterenol induction will increase oxidative stress, which will damage the enzyme dimethylarginine 
dimethylaminohydrolase. Thus, causing asymmetric dimethylarginine (ADMA) levels to increase in circulation. 
Increased levels of ADMA will inhibit the enzyme nitric oxide (NO) synthase activity, which results in decreased NO 
resulting in endothelial damage.

AIM: This study aims to determine the effect of Ramipril on ADMA levels in rats (Rattus norvegicus) Wistar strain 
with acute myocardial infarction.

METHODS: Eighteen male Wistar rats (150–250 g) were randomly allocated into three groups: negative control 
group, positive control, and treatment group. The treatment group was pretreated with Ramipril at dose 3 mg/kg 
BW orally for 7 days. Acute myocardial infarction was induced in positive control groups and treatment groups by 
subcutaneous injection of isoproterenol (85 mg/kg BW) for 2 consecutive days. 24 h after the last administration, 
rats from all groups were anesthetized and sacrificed for blood sample collection to evaluate the level of ADMA with 
Enzyme-linked Immunosorbent Assay method.

RESULTS: The result showed that ADMA levels were increased in the treatment group after pre-treated with Ramipril.

CONCLUSION: This study concluded that pretreatment with Ramipril increased ADMA concentration in acute 
myocardial infarction rats induced by isoproterenol.
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Introduction

Myocardial infarction can be triggered by 
oxidative stress as a result of chemical reactions from 
the formation of free radicals that occur in myocardial 
cells [1]. Increased oxidative stress can cause a 
decrease in nitric oxide (NO), or in other words, the 
availability of NO is reduced. NO is the primary mediator 
produced from the endothelium and is formed from 
L-arginine by the enzyme endothelial NO synthase 
(eNOS) [2], [3]. NO has antiplatelet, anti-inflammatory, 
vasodilatory properties, and can reduce capillary 
permeability. A decrease in NO levels can lead to 
endothelial dysfunction that results in the accumulation 
of inflammatory cells, vasoconstriction, migration of 
smooth muscle cells, and increases cytokine formation, 
which triggers plaque growth [3].

Vascular endothelial dysfunction increases 
asymmetric dimethylarginine (ADMA) levels [2]. ADMA 
results from the breakdown of proteins and analogs 
of endogenous L-arginine, acting as inhibitors of 
eNOS in endothelial. If an increase in ADMA levels 
obstructs the work of eNOS, resulting in decreased NO 
formation [4]. Measurement of ADMA levels can be used 
as an indicator of NO levels in the blood. The results of 
this ADMA measurement are negatively correlated with 
NO levels so that with an increase in ADMA levels, it 
can be concluded that there has been a decrease in NO 
synthesis, causing endothelial dysfunction, which can 
ultimately lead to myocardial infarction [5].

Angiotensin-converting enzyme inhibitors (ACE-
I) can reduce the mortality rate of patients post-myocardial 
infarction who are disserted in cardiac dysfunction and 
are helpful in reducing cardiac remodeling [6]. ACE-I 
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inhibits the degradation of bradykinin to increase NO 
production, which is a potent vasodilator of blood 
vessels [7]. The increase in NO production occurs due 
to the eNOS activation, an enzyme for NO formation in 
endothelial cells. Regarding ADMA, Chen et al. found 
that ACE-Inhibitor drugs, especially Ramipril, can reduce 
ADMA levels through increased enzyme dimethylarginine 
dimethylaminohydrolase (DDAH), an enzyme for the 
elimination of ADMA from the blood [8].

Materials and Methods

Experimental animal and study groups

This study began after permission was granted 
by The Research Ethics Committee of the Faculty of 
Medicine, Universitas Andalas (No. 483/KEP/FK/2019). 
The study used 18 adolescent (average 12 weeks) 
Rattus norvegicus male rats weighing from 150–250 g. 
The animal was kept in standard laboratory condition 
with stable temperature (25 ± 2°C), 12 h of light, and 
12 h of darkness, with one rat in each cage fed with rat 
food and tap water.

The rats were randomly divided into three 
groups. Group-1: Negative control group (n = 6): only 
given standard feed without treatment Group-2: Positive 
control group (n = 6): administration with normal saline 
for 7 days and induced with isoproterenol dose 85 mg/kg 
BW for 2 consecutive days. Group-3: Experimental 
group (n = 6): pretreated with Ramipril dose 3 mg/kg BW 
for 7 days and induce with isoproterenol dose 85 mg/kg 
BW for 2 consecutive days.

Surgical procedure

A sampling of rat blood was carried out by 
necropsy technique after rats were anesthetized with 
ketamine 80 mg/kg BW administered intraperitoneally. 
After the rats were unconscious, the rat was placed 
supine on the table, and each leg was fixed with tape. 
The skin incision starts from the xiphoid process until 
the subcutaneous layer appears. The last ribs are cut 
into the arch of the sternum to open the chest cavity. 
Cutting is carried out on the left and right sides. Blood 
samples are taken from the apex of the heart rate of at 
least 3 ml using a syringe. Blood is collected into EDTA 
tubes. Low-speed centrifugation (1000 rpm) at 2–8°C 
for 15 min was performed to extract blood plasma.

Histopathological investigation

After tissue samples were cleaned with saline, 
they were immediately fixed in 10% formaldehyde 
solution at room temperature for 72 h and prepared 
for routine light microscope examination. The tissue 

samples were dehydrated with alcohol and cleaned 
with xylene before being immersed in paraffin. Five-
micrometer slices of the tissues were made. The tissues 
were stained with hematoxyline-eosin (H and E), and 
the section was examined and photographed with a 
light microscope.

ADMA

ADMA levels in plasma were measured by using 
a kit from Elabsience (Cat. No: E-EL-0042). The result was 
determined by the Enzyme-linked Immunosorbent Assay 
method and reported as nanogram per milliliter (ng/mL)

Statistical analysis

Data were analyzed statistically based on 
variables assessed using a computerized system that 
is univariate and bivariate analysis. Univariate analysis 
was performed to see the frequency distribution of 
variables. Bivariate analysis is performed to analyze 
the relationship between the independent variables and 
the dependent variable. The relationship between the 
three variables was analyzed using one-way ANOVA. 
Statistical significance was accepted as p < 0.05.

Results

Isoproterenol injection, dose 85 mg/kg BW 
subcutaneously for 2 consecutive days, causes 
acute myocardial infarction in the positive control and 
treatment groups. This study found that the injection of 
isoproterenol dose 85 mg/kg BW caused the spread 
of edema in most of the myocardium, characterized 
by swollen interstitial areas, dilated capillaries, 
and inflammatory cells consisting of lymphocytes, 
neutrophils, and histiocytes. In some muscle cells, 
visible signs of degeneration are characterized by 
granular and paler changes in the cytoplasm (Figure 1).

Discussion

Two mechanisms cause myocardial infarction 
induced by isoproterenol, and the first biochemical 
mechanism occurs due to the formation of free radicals 
and lipid peroxide accumulation [9], [10]. Second, 
molecular mechanisms occur due to decreased eNOS 
activity, causing a decrease in NO levels. These 
mechanisms are caused by oxidative stress-mediated 
by increased ROS or reduced antioxidants in the 
defense system [11]. NO is a reactive gas diffusible 
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arginine protein methyltransferase in mammalian cells. 
Circulating ADMA is degraded by the body with the help 
of the enzymes DDAH1 and DDAH2. DDAH1 is usually 
found in tissues that express nNOS, whereas DDAH2 
predominates in tissues that express eNOS. DDAH2 
metabolizes more than 90% of ADMA, and only a little 
is excreted in the urine [13], [14].

The mechanism responsible for endothelial 
dysfunction in isoproterenol-induced myocardial 
infarction is a buildup of ADMA. This increase in 
ADMA levels is related to oxidative stress-mediated 
by increased ROS or reduction in antioxidants. Free 
radicals formed to cause the decrease in the enzyme 
DDAH2, which is the main enzyme to metabolize 
ADMA. The inhibition of eNOS by ADMA becomes 
the primary pathogenic mechanism involved in 
cardiovascular disease [13], [14]. Particularly, the 
inhibition of eNOS results in decreased NO levels, 
which is a crucial signaling molecule in endothelial 
cells involving cardiovascular diseases. The NO levels 
released by eNOS in endothelial cells are essential for 
the maintenance of basal vascular tone [15], [16], [17].

Based on Table 1, the average plasma ADMA 
level after administration of Ramipril with a dose of 
3 mg/kg BW in the treatment group was 240.94 ng/mL. 
Based on one-way ANOVA statistical test p-value 
<0.05, which means there is a significant influence 
between the administration of Ramipril dose of 3 mg/kg 
BW on plasma ADMA levels. Post hoc test showed that 
the ADMA levels between all groups were significantly 
different (negative vs. positive control, p = 0.007; 
negative vs. treatment group, p < 0.001; and positive 
vs. treatment, p = 0.011).

The cardioprotective effect of ACE-I on 
cardiovascular disorders is mainly caused by inhibition 
of bradykinin degradation in addition to inhibition of 
ACE. Bradykinin facilitates the formation of NO and 
prostaglandins, both of which are also useful in treating 
myocardial infarction. This concept might not apply to 
the acute phase of myocardial infarction caused by 
excessive adrenergic stimulation [18]. This statement 
is proven by research conducted by Ohta et al. in 
improving ventricular function compared to the group 
given only ACE-I.

In contrast to previous studies that stated that 
the administration of ACE-I could reduce ADMA levels 
[8], [19], in this study based on Table 1 shows ADMA 
levels in the treatment group experienced a significantly 
higher than the control group. This finding is in line 
with research conducted by Gamboa et al., which also 
received an increase in ADMA levels after pretreatment 
with Ramipril for 7 consecutive days [20].

The average increase in ADMA levels in 
the treatment group is caused by ACE-I given to 
experimental animals can increase bradykinin levels [20]. 
ACE-Inhibitors inhibit the degradation of bradykinin 
so that bradykinin formed locally in the vascular will 

produced by arginine oxidation from 3 isoforms of 
NO Synthase, which are neuronal, inducible, and 
eNOS (nNOS, iNOS, eNOS). Isoproterenol-induced 
myocardial infarction significantly reduces eNOS 
protein expression and decreases NO [12].

Figure 1: (a) Hematoxylin and eosin (H and E) stained of heart tissue 
on negative control group; (b) (H and E) stained of heart tissue after 
induction by isoproterenol; (c) H and E stained of heart tissue on 
pretreatment with Ramipril 3 mg/kg BW

Based on Table 1, the negative control group 
had an average plasma ADMA level is 133.08 ng/mL 
and was the lowest average ADMA level compared to 
the other groups. Table 1 also shows significantly higher 
plasma ADMA levels in the positive control group after 
the isoproterenol 85 mg/kg BB with a mean value of 
210.15 ng/mL than the mean of plasma ADMA levels 
negative control.

Table 1: ADMA Values measured in blood samples of the 
groups (ng/mL)
Group Mean of ADMA Level ± SD
Negative control group 133.08 ± 14.97
Positive control group 188.44 ± 19.28
Treatment group 240.94  ± 39.62
p-value 0.0001
ADMA: Asymmetric dimethylarginine.

Differences in mean plasma ADMA levels in 
positive and negative controls indicate an increase 
in ADMA levels in acute myocardial infarction. These 
results are consistent with statements in a study 
conducted by Li et al. in 2012, which stated a significant 
increase in plasma ADMA levels of mice that experienced 
acute myocardial infarction after isoproterenol-induced 
dose 85 mg/kg BW [13]. Myocardial infarction caused 
by oxidative stress caused by isoproterenol. Oxidative 
stress will cause disruption of DDAH enzyme activity, 
resulting in gradual vasoconstriction and result in the 
accumulation of plasma levels of ADMA.

ADMA is an endogenous inhibitor of eNOS 
that competitively inhibits NO production and plays 
an essential role as a predictor of cardiovascular 
disease [13]. ADMA is derived from arginine residues 
in methylated proteins by the enzyme Arginine 
Methyltransferase Type 1 (PRMT1), an isoform dominant 
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increase [7], [21]. The increase in ADMA levels through 
bradykinin is proven by research in vitro conducted by 
Gamboa et al., who found that ADMA levels increased 
after the cellular model of alveolar adenocarcinoma 
in humans (A459) was incubated with bradykinin. 
In contrast, incubation with bradykinin B1 receptor 
inhibitors did not reduce ADMA levels. This shows that 
elevated levels of ADMA induced by bradykinin occur 
through the B2 bradykinin receptor [20].

A previous study by Larsen et al. demonstrated 
that bradykinin triggers ROS production via NADPH 
oxidase [22]. Furthermore, the NADPH oxidase 
increases PRMT, an enzyme involving in ADMA 
production, as well as inhibits ADMA degradation, 
resulting in the increase of ADMA [23], [24]. Another 
explanation that can increase ADMA levels is that 
bradykinin can reduce the activity of DDAH, which is 
responsible for ADMA degradation [25]. Thus, Ramipril 
may increase ADMA levels by increasing bradykinin 
and oxidative stress.

Conclusions

This study concluded that pretreatment with 
Ramipril increased ADMA concentration in acute 
myocardial infarction rats induced by isoproterenol.
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