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Abstract

Obesity has emerged as a worldwide health concern due to its increasing prevalence.
Adipocytes have the ability to express angiotensin-converting enzyme 2 receptors (ACE2)
and several adipocytokines. These expressions could lead to the activation of a cytokine
storm, which in turn promotes the development of cardiovascular diseases. The aim of this
study was to investigate the impact of perindopril and losartan exposure on the ACE2 and
interleukin 6 (IL-6) levels in adipocyte cells. This study used an in vivo true experimental
design utilizing a post-test-only control group. A total of 24 adult male albino rats were
divided into four groups, one group served as the non-obese (negative control), while the
other three groups were obese: (1) the positive control (untreated obese rats); (2)
perindopril group (2 mg/kg BW/day orally for 4 weeks); and (3) losartan group (20 mg/kg
BW/day for 4 weeks). Afterwards, the rats were euthanized, and the visceral fat tissue were
obtained during dissection. The levels of ACE2 and IL-6 were measured using the enzyme-
linked immunosorbent assay (ELISA). Losartan administration in obese rats resulted in a
notable elevation in ACE2 levels compared to both the perindopril group (losartan vs
perindopril, p=0.011) and the positive control (p=0.004). In addition, the treatment of
perindopril and losartan in obese rats resulted in a significant reduction in IL-6 levels
when compared to the positive control (perindopril vs positive control, p=0.020; losartan
vs positive control, p=0.002, respectively). This study provides insight into the
administration of perindopril and losartan, which could suppress the pro-inflammatory
(IL-6) but increase the ACE2 levels in adipose tissue.
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Introduction

Obesity has emerged as a worldwide health concern with a growing incidence [1]. According to

the World Health Organization (WHO), 43% of adults aged 18 or older globally are categorized
as overweight [2], while 16% are categorized as obese [3]. Obesity is recognized as a major risk
factor for cardiovascular disease, and a link between obesity and various cardiovascular
conditions has been identified, such as acute myocardial infarction, stable coronary disease,
cardiac arrhythmias, heart failure, and sudden cardiac death [4].

Angiotensin-converting enzyme 2 receptor (ACE2) is an essential component of the renin-
angiotensin system (RAS) and plays a critical role in regulating overall blood pressure. This role
is accomplished by enzymatically breaking down angiotensin I (Ang I), resulting in the
production of inactive Ang 1—9 peptides, and directly converting angiotensin II (Ang II), which
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leads to the formation of restricted Ang 1-7 [5]. These processes have an impact on
vasoconstriction and fibrosis [6]. Obese individuals may have adipocytes that contribute to the
expression of ACE2, with higher levels of ACE2 expression in adipose tissue compared to lung
tissue [7,8]. Obesity also stimulates the production of many adipocytokines such as interleukin 6
(IL-6), interleukin 10 (IL-10), tumor necrosis factor-alpha (TNF-a), monocyte chemoattractant
protein-1 (MCP-1), leptin, and resistin [9], which in turn could lead to a cytokine storm [10]. This
process promotes the progression of cardiovascular diseases, including acute myocardial
infarction and heart failure [4].

Cardiovascular drug classes such as ACE inhibitors (ACEI) and angiotensin II receptor
blockers (ARB) can increase ACE2 expression and prevent cytokine storms that provide benefits
for the cardiovascular system [11]. One type of ACEI and ARB that has been shown to affect ACE2
expression is perindopril [12] and losartan [13]. The aim of this study was to assess the effects of
perindopril and losartan on ACE2 expression in obese rat models as the basis for developing
therapy using perindopril and losartan in an effort to prevent cardiovascular disease in obese
patients.

Methods

Study design and setting
A true in vivo experiment with a post-test-only control group design was conducted at Airlangga
University's Experimental Animal Laboratory, Anatomical Pathology Laboratory, and Molecular
Genetics Laboratory in Surabaya, Indonesia. The sample for this study consisted of 24 adult male
albino Wistar rats, aged two months, with a body weight of approximately 80—120 grams. The
Wistar strain was selected due to the rats exhibiting quicker weight gain and signs of obesity
compared to the Sprague Dawley strain [14].

The inclusion criteria for this study were (1) Wistar strain male Rattus norvegicus rats aged
2 months (8 weeks); (2) rats were healthy and had not been used in previous studies (verified by
a test animal certificate); and (3) rats were successfully induced to become obese. All rats that
became sick or died during obesity induction or intervention were excluded. All rats were
randomized and divided into four groups: (a) negative control (non-obese group); (b) positive
control (untreated obese rats); (c) obese rat group treated with perindopril; and (d) obese rat
group treated with losartan.

The independent variables in this study were the administration of perindopril and losartan
to rats induced by obesity. The dependent variables were ACE2 and IL-6 levels in adipose tissue.

Obesity induction

Before obesity was induced, the rats were acclimatized in the cage for one week. Obesity was
induced by providing a high-fat diet by administering 1 mL peroral pork oil daily. The study
initially included 28 adult male albino rats from a 10% expected attrition or death of animal’s
formula [15], to ensure that at least 24 rats remained after the obesity induction process. The
high-fat feed was given for eight weeks (two months). At the beginning of the fifth week, the
intervention (perindopril and losartan) was started along with a high-fat diet until the eighth
week [16].

Obese rats were identified by assessing the increase in body weight (>10% compared to the
standard group or >30% of the initial weight) [17]. The obesity was also confirmed by measuring
the body length and body mass index (BMI) weekly to determine adipocyte levels and signs of
obesity [18].

Administration of perindopril and losartan

Obese rats were subsequently administered perindopril at a dose of 2 mg/kg BW/day, dissolved
in 3 cc of distilled water as adapted from a previous study [12]. Losartan was given at a dose of 20
mg/kg BW/day, dissolved in 3 cc of distilled water [19]. Both perindopril and losartan were
administered orally on an empty stomach through a gastric tube daily for four weeks. After all
treatments, the rats were sacrificed and dissected to collect visceral fat (adipose) tissues.
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Measurement of the levels of ACE2 and IL-6

ACE2 and IL-6 levels were measured using the enzyme-linked immunosorbent assay (ELISA)
method with the ELISA kits (Thermofisher EH489RB and Elabscience E-EL-Roo015,
respectively). Adipose tissue samples were transformed into a suspension solution of 100 pL,
which was subsequently placed into wells treated with primary antibodies and incubated.
Following this, secondary antibodies were added and incubated once again. The procedure
continued with the addition of horseradish peroxidase (HRP) conjugate solution and substrate.
The results were read at a wavelength of 450 nm using an ELISA reader.

Data analysis

The data obtained were analyzed using one-way ANOVA followed by Tukey HSD post-hoc
analysis. If p<0.05, the outcome is considered statistically significant. Data analysis was
performed using SPSS software version 25.0 [20].

Results

Losartan significantly elevated ACE2 levels compared to both perindopril and
the control group

We evaluated the impact of ACEI/ARB treatment along with a high-fat diet on in vivo ACE2 levels.
Our data revealed that the positive control group had a relatively higher level of ACE2 (697.25
ng/mL) compared to the negative control group (606.91 ng/mL), although this difference was not
statistically significant (p=0.637) (Table 1). Perindopril and losartan were used in our study to
determine the effects of ACEI and ARB treatment. The losartan group had the highest ACE2
levels, followed by the perindopril group and positive control (Table 1).

Table 1. Result of angiotensin-converting enzyme 2 (ACE2) and IL-6 levels between group

Groups n ACE2 (ng/mL) IL-6 (ng/mL)

Mean+SD Min-max Mean+SD Min-max
Negative control 6 606.91+£239.20 179.00—903.50 11.21£1.34 9.65-13.15
(non-obese group)
Positive control 6 697.25+273.04 423.50—1031.00 15.35+2.58 10.78-17.85
(obese group)
Perindopril 6 782.33+477.47 179.00—1548.50 12.11+1.52 10.24—14.65
Losartan 6 1310+259.17 968.50—1681.00 10.65+3.00 6.22—-17.85

The mean level of ACE2 in rats that received perindopril (782.33 ng/mL) was not
significantly different compared to the positive control group (697.25 ng/mL). However, there
was a statistically significant difference in the average level of ACE2 between the losartan group
and the positive control group (p=0.004) and between the losartan group and the perindopril
group (p=0.011) (Figure 1).

A high-fat diet increased IL-6 levels but ACEI/ARB decreased IL-6 level

The level of IL-6, as an indicator of inflammation, increased significantly in the positive control
group compared to the negative control (15.35 vs 11.21 ng/mL, p=0.004). We also evaluated the
impact of losartan and perindopril administration on the inflammatory marker (IL-6) in our
study (Table 1). The findings demonstrated a statistically significant difference in IL-6 levels
between the obese rat treated with perindopril and the positive control (12.11 vs 15.35 ng/mL,
p=0.020) (Figure 2). Furthermore, the administration of losartan to obese rats resulted in a
statistically significant (p=0.002) reduction in IL-6 levels (10.65 ng/mL) as compared to the
positive control group (Figure 2). In contrast, perindopril and losartan did not differ
significantly in their ability to decrease IL-6 levels (p=0.272).
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Figure 1. Comparison level of angiotensin-converting enzyme 2 receptors (ACE2) between
groups. The level of ACE2 is significantly higher in the losartan group compared to the perindopril
group (p=0.011) and positive control group (untreated obese rats) (p=0.004). ns: not significant;
* Significant at p=0.05.
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Figure 2. Comparison level of interleukin 6 (IL-6) between study groups. The level of IL-6 is
significantly lower in the perindopril group (p=0.020) and the losartan group (p=0.002)
compared to the positive control group (untreated obese rats). ns: not significant; * Significant at

p=0.05.

Discussion

Losartan increases ACE2 levels

Obesity is a contributing factor to the development of cardiovascular disease [4]. Obese
individuals may have elevated levels of ACE2 expressed in their adipocytes compared to other
tissues [7,8]. The presence of ACE2 in adipose tissue is critical for maintaining the local adipose
RAS homeostasis. Further systemic RAS effects may result from any disruption to this
equilibrium [21]. The aim of our study was to investigate the influence of obesity on adipocyte
ACE2 levels through in vivo experiments.
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We found that ACE2 levels in obese rats that were fed a high-fat diet for eight weeks did not
differ significantly from those in non-obese rats. Adipocytes are known to express ACE2, and its
expression is upregulated in response to high-fat diet-induced obesity [22]. Adipocyte ACE2
deficiency is also associated with an increased risk of chronic inflammation, a condition that can
lead to insulin resistance and cardiac failure, among others [23]. The complex mechanism of
ACE2 has led to the conclusion that the ACE2/Ang 1—7 axis is responsible for avoiding
inflammatory responses, lipotoxicity, and oxidative stress [24]. A previous in vivo investigation
demonstrated variations in ACE2 levels following short-term (1 week) and long-term (4 months)
administration of a high-fat diet. The ACE2 mRNA expression in adipose tissue is known to be
elevated by short-term administration of a high-fat diet, resulting in enhanced protein expression
and enzymatic activity [22,25]. Despite prolonged administration of a high-fat diet leading to an
increase in ACE2 mRNA expression, there was no corresponding significant increase in ACE2
levels or enzymatic activity compared to short-term administration [25]. The levels of mRNA
disintegrin and metalloproteinase domain 17 (Adam17) in adipose tissue have shown a significant
increase in comparison to rats that were fed a low-fat diet (LFD) [25]. Adam17 plays a role in the
process of shedding ACE2, leading to a reduction in ACE2 levels and contributing to the
inflammatory response [24,26,27].

The aim of our study was to evaluate and compare the impacts of perindopril and losartan
on obese rat models. After four weeks of intervention, our data revealed that the administration
of losartan resulted in a significant rise in ACE2 levels compared to the other groups. A previous
study demonstrated that only ARBs tend to elevate ACE2 levels within the body due to ACE2's
suppression of angiotensin 2 release [28,29]. It has been demonstrated that the Ang II type 1
receptor (AT1R) blocker, losartan, inhibited the internalization and degradation of ACE2 [28,30].
These findings support the hypothesis that the ACE/Ang axis II/AT1R is responsible for lowering
ACE2 levels and triggering the inflammatory response [28,31]. A previous animal study indicated
that ACEI/ARB therapy could lead to an increase in ACE2 expression and provide advantages for
the cardiovascular system [32]. It is postulated that the variations in the effects of angiotensin II
on ACEI and ARB might explain the observed disparities in the effects between the perindopril
and losartan groups in this study [33]. ACEIs function by decreasing the levels of circulating Ang
I1, whereas ARBs elevate the levels of free Ang II in the bloodstream [33].

Losartan and perindopril decrease IL-6 levels

Our study investigated the effect of a high-fat diet and medicines that activate the RAS system on
IL-6 levels in obese rats. The results of the study showed a substantial difference between the
high-fat diet group and the negative control group. It was expected that these effects would
happen since adipose tissue releases about a third of all IL-6 levels in the blood [34]. The
activation of the AT1R results in increased levels of Ang II, which in turn activates the nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) pathway and starts the synthesis
of IL-6 [35,36]. The pro-inflammatory impact of Ang II is counteracted homeostatically by
another RAS peptide, Ang 1—7, which is created by the alternate metabolism of Ang I or Ang II by
ACE2 [37].

A result similar to the previous study showed that high ACE2 levels correlated with low IL-6
values. This finding suggests that increased ACE2 expression may have an anti-inflammatory
effect, as evidenced by the reduced levels of the inflammatory marker IL-6. Our study is also in
line with the results of a previous study where serum IL-6 levels were significantly higher in
overweight and obese subjects compared to healthy controls [38]. The consistent results illustrate
a robust correlation between metabolic pathways and inflammation. Macrophages and
adipocytes play a significant role in producing different adipocytokines, including IL-1, IL-6, IL-
8, IL-12, interferon (IFN), TNF-q, transforming growth factor beta (TGF-f), leukemia inhibitory
factor (LIF), MCP-1, macrophage inflammatory protein (MIP-1), leptin, and resistin [39]. When
inflammation occurs, IL-6 is among the first cytokines to become active. Excessive release can
lead to hyperinflammation, which in turn causes cytokine storms [40]. Down-regulation of ACE2
after the virus entry into the cell causes the accumulation of Ang II levels, which activates the
AT1R receptor [41]. Activation of the ATiR-dependent induction of nicotinamide adenine
dinucleotide phosphate oxidase (NOX), mostly Nox2 and Nox4, will increase ROS production
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[42] and activate NF-kB and AP-1 pathways to increase inflammatory cytokines, especially the
IL-6 [42-44]. The transcription regulation of AT1R gene expression by IL-6 leads to a vicious cycle
[45]. Therefore, the combination of these factors could worsen cardiovascular diseases such as
hypertension, arrhythmia, and coronary artery disease [4,46].

The role of ACEIs and ARBs in the pro-inflammatory marker IL-6 is also well-studied. Our
study attempted to prove the beneficial effects of ACEI and ARB on reducing the inflammatory
response that can be applied to obese patients. Our study showed that the ACEI and ARB groups
had significantly lower IL-6 levels than the untreated obese group. These findings support the
claim that targeting the ACE2/Ang-(1—7)/Mas Receptor (MasR) axis can be an effective
therapeutic strategy to counteract the harmful effects of Ang II, which promotes vasoconstriction
and inflammatory responses, and prevent its dominance over the ACE/Ang II/AT1R axis [28].
Coincidentally, a recent study documented that individuals with obesity exhibited elevated levels
of Ang IT in comparison to those who were in good health [47]. Suppression of Ang II is expected
to significantly decrease IL-6 expression by reducing the activity of the transcription factor NF-
kB [48], which aligns with the findings of our study. Our findings confirm previous research
indicating that ACE2 plays a role in promoting viral-induced inflammation [49]. This result
suggests a possible treatment strategy involving the activation of ACE2, which could help
suppress the occurrence of cytokine storms without compromising the immune system's capacity
[50], such as the use of anti-IL6 (tocilizumab) [51], or corticosteroids [52].

Despite the study's valuable insights, it lacks comprehensiveness in evaluating the clinical
effects of perindopril and losartan. It would have been beneficial to include assessments of clinical
parameters such as blood pressure, heart rate, and other components of the renin-angiotensin
system (RAS), including angiotensin II and angiotensin-(1—7). These parameters could
potentially exhibit significant changes due to the administration of perindopril and losartan.

Conclusion

ACE2 levels in the positive control (obese control group) were not significantly different
compared to the negative control (non-obese control group). ACE2 levels in the losartan group
were significantly higher compared to all other groups (perindopril, untreated obese group and
non-obese group). In addition, losartan and perindopril treatment decrease the level of IL-6
significantly compared to untreated obese animals. These suggest that losartan and perindopril
may decrease pro-inflammatory cytokine IL-6 in adipose tissues, and in addition, losartan also
increases the level of ACE2 in adipose tissues.
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