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Abstract 
The expression of angiotensin-converting enzyme 2 (ACE2) in the adipose tissues of obese 

patients needs further study, as it may aid infection and serve as a viral reservoir. There 

has been controversy over whether to use ACE inhibitors to prevent coronavirus disease 

2019 (COVID-19) severity. Perindopril, an ACE2 inhibitor, has been proposed; however, 

its relationship with COVID-19 has not yet been clear. The aim of this study was to 

investigate the effect of perindopril to reduce the expression of ACE2 and pro-

inflammatory cytokine in adipocytes exposed to severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). Enzymatic isolation of adipose tissues was performed from 

obese male donor patients aged 30–50 years, then exposed it with SARS-CoV-2 S1 spike 

protein. This study also included human recombinant ACE2 (hrsACE2) as a comparison 

to perindopril. The expression of ACE2 was evaluated using ELISA. Our data indicated 

that SARS-CoV-2 Spike protein exposure increased ACE2 expression significantly. 

Administration of perindopril decreased ACE2 expression (43.37 µg/mL) significantly 

compared to the positive group (80.31 µg/mL) (p<0.001). Perindopril administration also 

decreased IL-6 levels significantly compared to positive group (p<0.001).  This study 

highlights that perindopril could reduce the ACE2 expression and pro-inflammatory 

cytokine levels in adipocytes exposed to SARS-CoV-2 S1 spike protein.  

Keywords: SARS-CoV-2, obesity, ACE2, IL-6, perindopril 

Introduction 

In coronavirus disease 2019 (COVID-19), obesity is associated with unfavorable outcomes and 

as an independent risk factor, obesity is associated with severe disease and death [1]. There have 

been some theories put forth as to how obesity affects COVID-19 severity. Despite certain 

inflammatory cytokines, like tumor necrosis factor-α (TNF-α), interleukin (IL)-1, and IL-6, are 

expressed, one important pathogenic pathway is the production of angiotensin-converting 

enzyme 2 (ACE2). The cell membranes such as the kidney, heart, and lungs have ACE2 receptors; 

however, the levels of ACE2 in adipose tissues are significantly greater than in lung tissues. 

Moreover, adipocytes from people with type 2 diabetes and obesity have higher levels of ACE2 

[2]. These adipocytes, additionally, overexpress ACE2 receptors, which could facilitate infection 

and act as a reservoir for viruses [3]. In line with the mentioned pathogenic pathway, SARS-CoV-

2 exclusively infects cells that have ACE2 receptors. SARS-CoV-2 enters host cells through the 
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ACE2 receptor in adipocytes. The ACE2 receptor is bound by the transmembrane spike (S) 

glycoprotein of SARS-CoV-2, mediating receptor recognition and membrane fusion. This clarifies 

why COVID-19 individuals experiencing severe symptoms have higher ACE2 levels [4]. 

Adipocytes in obese individuals trigger the production of cytokines such as interleukin-6 (IL-

6) and IL-6 also increased due to the SARS-CoV-2 infection [5,6]. One of its pathogenic routes 

involves the Spike protein attaching to angiotensin-converting enzyme 2 (ACE2) receptors, which 

activates the mitogen-activated protein kinase-nuclear factor kappa B (MAPK-NF-κB) pathway 

[7]. It is suggested that the elevated of IL-6 is associated with to ACE2 activation and is 

responsible for the severe symptoms experienced by obese COVID-19 patients. 

Angiotensin I (Ang I) and angiotensin II (Ang II) are converted by ACE2 to angiotensin-(1-

9) and angiotensin-(1–7). Angiotensin II regulates the equilibrium between vasoconstriction and 

vasodilation by acting on angiotensin type 1 (AT1R) and angiotensin type 2 (AT2R) receptors [8]. 

ACE2’s main purpose is to counteract Ang II’s effects on the RAS system [9]. Increasing ACE2 

levels has been demonstrated in earlier research to help prevent diabetes, hypertension, and heart 

failure [10]. As a result, ACE inhibitors (ACEi) and angiotensin II receptor blockers (ARBs) are 

widely available and regularly used as a routine treatment for hypertension and heart failure. 

Since ACE2 was identified as the SARS-CoV-2 receptor, there has been debate on the 

usefulness of cardiovascular medications, such as ACEIs, to lessen the severity of COVID-19. 

ARBs, aminoglycosides, and ACEIs are a few examples of optional COVID-19 therapies. The goal 

of this treatment is to stop ACE2 elevation and cytokine storms before the condition gets worse. 

The usage of ACEi in COVID-19 patients and its association with up-regulation of ACE2 

expression have been studied previously [11]. A previous study showed that ACE inhibitors are a 

double-edged sword that may increase viral binding, while also decreasing lung injury [12]. An 

umbrella review of 1,351,633 people with COVID-19 treated with ACEi found that it reduced the 

risk of hospitalizations and intubations or deaths [13]. In COVID-19, only a small number of drugs 

from the ARB, ACEi, and aminoglycoside classes consistently affect ACE2 expression [14]. 

Perindopril and losartan, two ACEi and ARB drugs, have been shown in several studies to 

upregulate ACE2 expression [14-16].  However, other studies with perindopril have been 

inconclusive findings [11,12]. The aim of this study was to assess the effect of the ACE-inhibitor 

perindopril on ACE2 expression and pro-inflammatory cytokines production in SARS-CoV-2-

infected adipocytes mimicking obesity conditions in vitro. 

Methods  

Study design and setting 

This was an experimental in vitro study with a post-test-only control group design carried out in 

the biosafety level 2 (BSL 2) laboratory of the Department of Physiology at the Faculty of 

Medicine, Universitas Brawijaya, Malang, Indonesia. The donor who provided the adipose tissue 

samples was a 45-year-old male obese with no history of acute myocardial infarction, valvular 

heart disease, peripheral arterial disease, heart failure, malignant arrhythmias, transient 

ischemic attack, stroke, diabetes mellitus, or kidney failure. Echocardiography was conducted to 

ensure their heart structure was normal. The donor also had no history of COVID-19 (confirmed 

by history taking and a negative PCR swab result) and never received any COVID-19 vaccines.  

Adipocytes collection and preparation 

Using the skin incision (elliptical) technique, subcutaneous fat was collected in accordance with 

the method described previously [17]. After enzymatically isolating the adipose tissues with 0.1% 

collagenase type 1, they were cultured in alpha-minimum essential medium (α-MEM) 

supplemented with 10% platelet-rich plasma (PRP) and 100 μg/mL of streptomycin, gentamycin, 

and penicillin (100 U/I) [17]. For seven days, the cells were cultured at 37°C with 5% CO2. After 

an incubation time, 1×106 cells were stained with oil red O on each 10 cm culture dish to detect 

viable isolated adipocytes [18]. 

Study groups and SARS-CoV-2 S1 spike protein exposure to adipocytes 

This study used 10 µM of SARS-CoV-2 S1 spike protein, which was based on a previous study [19]. 

The cultured medium of adipocytes was divided into four groups: (1) negative control group, 
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untreated cells consisting of 1 mL medium with 1.66×105 adipocytes; (2) positive control group, 

consisted of 1 mL of cultured medium of adipocytes added with 1 mL of 10 µM subunit of the 

SARS-CoV-2 S1 spike protein; (3) perindopril group, consisted 1 mL cultured medium of 

adipocytes exposed with 1 mL of 10 µM of SARS-CoV-2 S1 spike and treated with 0.5 µM 

perindopril; and (4) hrsACE2 group, consisted 1 mL cultured medium of adipocytes exposed with 

10 µM of SARS-CoV-2 S1 spike and treated with 100 µg/mL of hrsACE2. After exposure with 

SARS-CoV-2 S1 spike protein, the cultures were incubated for 30 min at room temperature, then 

washed using PBS. 

Perindopril and hrsACE2 treatment 

A total of 1 mL perindopril (0.5 µM) and 100 µg/mL hrsACE2 were added to the perindopril group 

and hrsACE2 group, respectively, one time only. Then, the cultures were incubated at room 

temperature for two hours before the ACE2 and cytokines were measured.  

Measurement of ACE2 and pro-inflammatory cytokines levels 

ACE2, interleukin (IL)-6, interleukin (IL)-1β, and tumor necrosis factor-α (TNF-α) levels were 

measured using ELISA kits according to the manufacturer's manual (Abcam, Cat. ab235649; 

Elabscience, Cat. E-EL-H0102; BT Lab, Cat. E0143Hu; BT Lab Cat. E0082Hu, respectively). After 

coating each well with a primary antibody, adipocyte culture supernatant was added, and the 

mixture was incubated. Each well was filled with a secondary detection antibody and allowed to 

incubate after washing. Subsequent washing was done, and then a stop solution was used to end 

the reaction. The microplate reader was utilized to ascertain the optical density of every well. 

ACE2 and other cytokines were measured in μg/mL unit.  

Statistical analysis 

Data analysis was performed using one-way ANOVA with post-hoc Tukey’s test to see if the data 

were normally distributed and the Kruskal-Wallis test if the data were abnormally distributed. 

The level of significance was set at p<0.05. The statistical analysis was carried out using SPSS 

Statistics for Windows, Version 25.0 (IBM Corp, Armonk, NY, USA). 

Results 
The combination of SARS-CoV-2 spike protein in adipocyte cells changed the expression of ACE2 

and pro-inflammatory cytokines. As for confirming the over-expression of ACE2 and pro-

inflammatory cytokines, we assessed the expression of ACE2 and pro-inflammatory cytokine 

levels in the positive control group compared to the negative control group.  

Effect of perindopril and human recombinant ACE2 (hrsACE2) on ACE2 level 

We analyzed the effect of perindopril on ACE2 expression using ELISA. The exposure of 

perindopril on adipocytes caused a change in the expression of ACE2. In the first 24 hours, ACE2 

expression increased significantly in the perindopril (113.52 μg/mL) and positive control group 

(90.22 μg/mL) compared to the negative group (13.34 μg/mL) (p<0.001). However, in the next 

48 hours, the perindopril group had reduced ACE2 expression (47.37 μg/mL) compared to the 

positive control group (80.31 μg/mL) significantly (p<0.001) (Table 1).  

Table 1. Comparisons of angiotensin-converting enzyme 2 (ACE2) levels between groups within 

the first 24 hours and 48 hours of observation 

Groups n Angiotensin-converting enzyme 2 (ACE2) level, μg/mL 
24 hours 48 hours 
Mean±SD ANOVA Post-hoc Mean±SD ANOVA Post-hoc 

Negative control  3 13.34±1.51 <0.001 <0.001 14.48±2.75 <0.001 <0.001 
Positive control  3 90.22±4.72  Ref 80.31±9.31  Ref 
Perindopril 3 113.52±0.59  <0.001 47.37±1.33  <0.001 
hrsACE2 3 17.33±0.18  <0.001 11.59±1.33  <0.001 

In addition, hrsACE2 administration also caused changes in ACE2 expression. The number 

of ACE2 expressions decreased significantly (17.33 μg/mL) compared to the positive group (90.22 

μg/mL) in 24 hours and also decreased ACE2 expression in 48 hours after treatment (11.59 vs 

80.31 μg/mL, p<0.001) (Table 1). 
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Effect of perindopril and human recombinant ACE2 (hrsACE2) on IL-6 levels 

The effect of perindopril on inhibition of IL-6 production was determined by using ELISA. In the 

48 hours, the perindopril group and hrsACE2 group have similar effects in lowering IL-6. As 

indicated by the sample tables provided in Table 2, the percentage of IL-6 for each group in 48 

hours was significantly decreased compared to the positive control 90.93 μg/mL (p<0.001). Next, 

we assess how differently the hrsACE2 protein and the perindopril group reduce the expression 

of IL-6. The outcomes demonstrated that the hrsACE2 also lowered IL-6 levels compared to the 

positive control group (p<0.001).  

Table 2. Comparisons of interleukin-6 (IL-6) levels in each group within the first 24 hours and 48 

hours of observation 

Groups n Interleukin-6 level, μg/mL 
24 hours 48 hours 
Mean±SD ANOVA Post-hoc Mean±SD ANOVA Post-hoc 

Negative control  3 21.33±2.56 <0.001 <0.001 19.92±0.53 <0.001 <0.001 
Positive control  3 60.00±1.32  Ref 90.93±4.29  Ref 
Perindopril 3 64.65±0.22  <0.001 42.66±3.36  <0.001 
hrsACE2 3 36.11±0.53  <0.001 22.62±0.92  <0.001 

Effect of perindopril and human recombinant ACE2 (hrsACE2) on IL-1β level  

We assessed the expression of IL-1β in 24 hours and 48 hours using ELISA. In the 24 hours, the 

perindopril group (1435.66 μg/mL) had no significant difference compared to the positive control 

group (Table 3). However, the hrsACE2 group had lower IL-1β significantly (p=0.013) compared 

to the positive control group. In the setting of 48 hours, compared with the positive group (919.00 

μg/mL), the perindopril group (1011.33 μg/mL) and hrsACE2 group (811.57 μg/mL) did not have 

lower IL-1β levels compared to positive control (Table 3). 

Table 3. Comparisons of interleukin-1β (IL-1β) levels in each group within the first 24 hours and 

48 hours of observation 

Groups n Interleukin-1β level, μg/mL 
24 hours 48 hours 
Mean±SD ANOVA Post-hoc Mean±SD ANOVA Post-hoc 

Negative control  3 895.33±46.23 <0.001 0.243 726.66±103.00 <0.001 0.437 
Positive control  3 1171.66±198.10  Ref 919.00±99.00  Ref 
Perindopril 3 1435.66±254.19  0.274 1011.33±17.01  0.870 
hrsACE2 3 611.00±38.43  0.013 881.57±260.02  0.813 

Effect of perindopril and human recombinant ACE2 (hrsACE2) on TNF-α levels  

In 24 hours, there are no significant differences in TNF-α between the group treated with SARS-

CoV-2 (284.91 μg/mL), perindopril (130.80 μg/mL) (p=0.866) and hrsACE2 protein (214.16 

μg/mL) (p>0.231) (Table 4). However, based on TNF-α expression in the 48 hours after 

treatment, was decreased in hrsACE2 protein (128.55 μg/mL) (p=0.018) compared with 

perindopril (403.28 μg/mL) (p=0.243) and positive group (307.95 μg/mL), respectively. The 

treatment with hrsACE2 protein can significantly decrease TNF-α concentration.  

Table 4. Comparisons of tumor necrosis factor- (TNF-) levels in each group within the first 24 

hours and 48 hours of observation 

Groups n Tumor necrosis factor-  level, μg/mL 
24 hours 48 hours 
Mean±SD ANOVA Post-hoc Mean±SD ANOVA Post-hoc 

Negative control  3 138.00±55.92 0.004 0.010 126.78±52.54 0.001 0.017 
Positive control  3 284.91±34.02  Ref 307.95±57.34  Ref 
Perindopril 3 310.80±42.38  0.866 403.28±75.80  0.234 
hrsACE2 3 214.16±26.87  0.231 128.55±25.89  0.018 

Discussion 
Increased ACE2 expression in adipocyte tissue is linked to a number of unfavorable 

cardiometabolic health indices, all of which are risk factors for severe COVID-19. Previous studies 
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have demonstrated that increased susceptibility to thrombotic events and extensive 

microvascular damage may affect the severity of COVID-19, with ACE2 and the RAS system 

potentially playing a crucial role [19,20]. ACE2 has been shown to facilitate viral cellular invasion 

and replication and is characterized by enhanced ACE2 expression in the microcirculatory and 

tissue level, which is correlated with an imbalance of paracrine action of Ang compounds and 

local depletion of Ang 1–7 leading to vasoconstriction and inflammation [21]. 

In this in vitro experimental study, we examined the impact of perindopril on ACE2 

expression reduction in the adipocyte cells of SARS-CoV-2 obese patients. Treatment with ACEi 

and ARB has been demonstrated to control ACE2 expression in the in vivo experiment [12]. There 

is reason to believe that ACE inhibitors or ARB medications increase the risk of COVID-19 

hospitalization, severity, or death. Nonetheless, perindopril has been found to have a beneficial 

effect in reducing ACE expression in the adipocyte cells of individuals with SARS-CoV-2 obesity. 

This result was consistent with some other research suggesting ACE medications, such as 

perindopril, may protect against severe COVID-19 caused by ACE2 expression [22]. A previous 

umbrella review of 1,351,633 people with COVID-19 has shown that ACE inhibitors reduce the 

risk of hospitalizations, intubations, or deaths, suggesting the benefit of ACE Inhibitors. 

Remarkably, a 2019 study by South et al. demonstrated that angiotensin receptor blockers (ARBs) 

and ACE inhibitors may be helpful in lowering Ang-II and restoring balance between Ang 1–7 

[22]. 

When ACE inhibitors or ARBs were administered to COVID-19 patients instead of calcium 

channel blockers (CCB), the likelihood of hospitalization was shown to be lower. A study found 

that in comparison to patients receiving non-ACEi or ARB therapy, exposure to ACEi or ARB was 

linked to a lower risk of mortality and was not related with a high risk of COVID-19 infection [23]. 

Additionally, for COVID-19 patients, the American Heart Association (AHA) and the European 

Society of Cardiology (ESC) advise continuing ACEi or ARB treatment [24]. 

Nevertheless, little is known about the biological mechanism behind ACE inhibitors' 

beneficial benefits. Perindopril and ACE2 activity were found to be linked to lower angiotensin II 

production, which was followed by down-regulation of ADAM17, but higher plasma levels of Ang 

1–7. Although the blockade of Ang II by perindopril is decreasing Ang 1–7, Ang I is also converted 

to Ang 1–7 mediated by neprilysin [23,25,26]. Ang 1–7 has potentially beneficial effects on 

vasodilation, anti-inflammatory, antifibrotic, antiangiogenic, and antihypertensive actions [27]. 

In COVID-19 patients, circulating pro-inflammatory cytokines are increased. Additionally, 

we saw elevated concentrations of pro-inflammatory cytokines, such as IL-6, TNF-α, and IL-1β. 

Our findings show that perindopril has significantly lower IL-6 levels compared to the positive 

control group. COVID-19 exacerbates inflammation and coagulopathy in obese patients through 

upregulation of Ang II and ADAM 17-mediated activation of IL-6, TNF-α, prothrombotic, and 

STAT-3 pathways [28,29].  

Previous studies have demonstrated that treatment of COVID-19 patients with ACEi can 

result in reduced production of Ang-II and effectively downregulate the production of 

inflammatory cytokines mediated by Ang 1–7 [30]. Ang 1–7 binding to the Mas receptor (MasR) 

induces vasodilatation via nitric oxide (NO), thereby decreasing inflammatory response. 

Perindopril has also been shown to have a direct effect in lowering  IL-6 expression by inhibiting 

the  STAT3 pathway [31]. 

In our experimental study, we did not find the concentration of IL-1β and TNF-α in the ACE-

inhibitor group to be significantly different compared to the positive group and hrsACE2 group, 

suggesting that ACE-inhibitor treatment alone or hrsACE2 treatment may not be efficient in 

modulating the production of these cytokines. In patients who are obese, there is an expansion of 

white adipose tissue, which in turn triggers the release of cytokines and chemotactic factors. 

These include platelet-derived growth factor, IL-1β, IL-6, TGF-β, and TNF-α. These elements 

draw in and stimulate immune system cells, preadipocytes, and endothelial precursor cells [32]. 

Nevertheless, it has been demonstrated that only IL-6 is connected to ACE2 through the 

activation of the mitogen-activated protein kinase-nuclear factor kappa B (MAPK-NF-κB) 

pathway [7]. 

Furthermore, treatment with both perindopril and hrsACE2 lowers the ACE2 expression in 

COVID-19 infection. A report mentioned that treatment with ACE2 (0.4 mg/kg) in COVID-19 
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patients resulted in a reduction of viral load in plasma [33]. HrsACE2 effectively lowers Ang II 

levels and increases Ang 1–7 levels by binding to the spike glycoprotein of SARS-CoV-2 [33]. A 

clinical study with infusion of hrsACE2 in COVID-19 patients was associated with a rapid and 

marked reduction in serum Ang II concentration, leading to increased Ang 1–7 concentration and 

a reduction in IL-6 production [34]. This finding suggests that perindopril may have similar 

therapeutic effects as hrsACE2 in the setting of COVID-19 infection, which is characterized by a 

cytokine storm. Interestingly, both perindopril and hrsACE2 were able to decrease IL-6 levels, 

but not TNF-alpha and IL-1β levels, suggesting that pathways other than ACE-2 SARS-CoV-2 

Spike protein binding are involved. Therefore, there is a lack of data and experimental studies on 

the correlation between hrsACE2 and the expression of TNF-α and IL-1β. However, IL-6 remains 

the major cytokine involved in a cytokine storm, and thus, perindopril may still be beneficial in 

reducing cytokine storm.  

Conclusion 
Perindopril reduced ACE2 and pro-inflammatory cytokine levels in adipocytes exposed to SARS-

CoV-2 S1 spike protein. These findings are in line with the severity and mortality of COVID-19 

and are linked to a substantial number of adipocytes in obese people.  

Ethics approval  

This study has been approved by the Health Research Ethics Committee of the Faculty of 
Medicine, Universitas Brawijaya, Malang, Indonesia (No. 198/EC/KEPK/07/2021). 

Acknowledgments 

We would like to express our gratitude to Satuman and the head of the Physiology Laboratory, 
Faculty of Medicine, Universitas Brawijaya, Indonesia. 

Competing interests 

All the authors declare that there are no conflicts of interest. 

Funding 

This study was supported by the Ministry of Research, Technology, and Higher Education of 
Indonesia to I Gde Rurus Suryawan (279/UN3.15/PT/2021). 

Underlying data  

Derived data supporting the findings of this study are available from the corresponding author 
on request. 

How to cite 
Harsoyo PM, Ardiana M, Hermawan HO, et al. Perindopril decreases angiotensin-converting 

enzyme 2 (ACE2) expression in human adipocytes exposed to SARS-CoV-2 S1 spike protein. 

Narra J 2024; 4 (2): e746 - http://doi.org/10.52225/narra.v4i2.746.  

References 
1. Singh R, Rathore SS, Khan H, et al. Association of obesity with COVID-19 severity and mortality: An updated systemic 

review, meta-analysis, and meta-regression. Front Endocrinol 2022;13:780872. 

2. Malavazos AE, Corsi RMM, Bandera F, et al. Targeting the adipose tissue in COVID-19. Obesity 2020;28(7):1178-1179. 

3. Simonnet A, Chetboun M, Poissy J, et al. High prevalence of obesity in severe acute respiratory syndrome coronavirus‐

2 (SARS‐CoV‐2) requiring invasive mechanical ventilation. Obesity 2020;28(7):1195-1199. 

4. Al-Benna S. Association of high level gene expression of ACE2 in adipose tissue with mortality of COVID-19 infection 

in obese patients. Obes Med 2020;19:100283. 

5. Chen X, Zhao B, Qu Y, et al. Detectable serum severe acute respiratory syndrome coronavirus 2 viral load (RNAemia) 

is closely correlated with drastically elevated interleukin 6 level in critically ill patients with coronavirus disease 2019. 

Clin Infect Dis 2020;71(8):1937-1942. 

http://doi.org/10.52225/narra.v4i2.746


 Harsoyo et al. Narra J 2024; 4 (2): e746 - http://doi.org/10.52225/narra.v4i2.746        

Page 7 of 8 

S
h

o
rt

 C
o
m

m
u

n
ic

at
io

n
 

 

 

6. Ardiana M, Suryawan IGR, Hermawan HO, et al. Effect of SARS-CoV-2 spike protein exposure on ACE2 and interleukin 

6 productions in human adipocytes: An in-vitro study. Narra J 2023;3(3):e284. 

7. Patra T, Meyer K, Geerling L, et al. SARS-CoV-2 spike protein promotes IL-6 trans-signaling by activation of angiotensin 

II receptor signaling in epithelial cells. PLOS Pathog 2020;16(12):e1009128. 

8. te Riet L, van Esch JHM, Roks AJM, et al. Hypertension. Circ Res 2015;116(6):960-975. 

9. Gheblawi M, Wang K, Viveiros A, et al. Angiotensin-converting enzyme 2: SARS-CoV-2 receptor and regulator of the 

renin-angiotensin system. Circ Res 2020;126(10):1456-1474. 

10. Liu LP, Zhang XL, Li J. New perspectives on angiotensin-converting enzyme 2 and its related diseases. World J Diabetes 

2021;12(6):839-854. 

11. Razeghian-Jahromi I, Zibaeenezhad MJ, Lu Z, et al. Angiotensin-converting enzyme 2: A double-edged sword in 

COVID-19 patients with an increased risk of heart failure. Heart Fail Rev 2021;26(2):371-380. 

12. Parit R, Jayavel S. Association of ACE inhibitors and angiotensin type II blockers with ACE2 overexpression in COVID-

19 comorbidities: A pathway-based analytical study. Eur J Pharmacol 2021;896:173899. 

13. Kurdi A, Mueller T, Weir N. An umbrella review and meta‐analysis of renin–angiotensin system drugs use and COVID‐

19 outcomes. Eur J Clin Invest 2023;53(2):e13888. 

14. Bian J, Li Z. Angiotensin-converting enzyme 2 (ACE2): SARS-CoV-2 receptor and RAS modulator. Acta Pharm Sin B 

2021;11(1):1-12. 

15. Huang M liang, Li X, Meng Y, et al. Upregulation of angiotensin-converting enzyme (ACE) 2 in hepatic fibrosis by ACE 

inhibitors. Clin Exp Pharmacol Physiol 2010;37(1):e1-e6. 

16. Hermawan HO, Ardiana M, Suryawan IGR, et al. Losartan has a comparable effect to human recombinant ACE2 in 

reducing interleukin-6 (IL-6) levels on human adipocytes exposed to SARS-CoV-2 spike protein. Indones Biomed J 

2023;15(5):311-317. 

17. Carswell KA, Lee MJ, Fried SK. Culture of isolated human adipocytes and isolated adipose tissue. Methods Mol Biol 

2012;806:203-214. 

18. Zhao N, Tan H, Wang L, et al. Palmitate induces fat accumulation via repressing FoxO1-mediated ATGL-dependent 

lipolysis in HepG2 hepatocytes. PLOS ONE 2021;16(1):e0243938. 

19. Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of thrombotic complications in critically ill ICU patients with 

COVID-19. Thromb Res 2020;191:145-147. 

20. Scheja L, Heeren J. The endocrine function of adipose tissues in health and cardiometabolic disease. Nat Rev Endocrinol 

2019;15(9):507-524. 

21. Abassi Z, Armaly Z, Heyman SN. Glycocalyx degradation in ischemia-reperfusion injury. Am J Pathol 2020;190(4):752-

767. 

22. South AM, Shaltout HA, Washburn LK, et al. Fetal programming and the angiotensin-(1-7) axis: A review of the 

experimental and clinical data. Clin Sci 2019;133(1):55-74. 

23. Zhang X, Yu J, Pan L ya, et al. ACEI/ARB use and risk of infection or severity or mortality of COVID-19: A systematic 

review and meta-analysis. Pharmacol Res 2020;158:104927. 

24. Pedrosa MA, Valenzuela R, Garrido-Gil P, et al. Experimental data using candesartan and captopril indicate no double-

edged sword effect in COVID-19. Clin Sci 2021;135(3):465-481. 

25. Patel VB, Clarke N, Wang Z, et al. Angiotensin II-induced proteolytic cleavage of myocardial ACE2 is mediated by 

TACE/ADAM-17: A positive feedback mechanism in the RAS. J Mol Cell Cardiol 2014;66:167-176. 

26. Niemirowicz GT, Frasch AP, José Cazzulo J. Carboxypeptidase taq-like peptidases from trypanosomatids. Handbook of 

proteolytic enzymes. Amsterdam: Academic Press; 2013 

27. Kawai T, Forrester SJ, O’Brien S, et al. AT1 receptor signaling pathways in the cardiovascular system. Pharmacol Res 

2017;125:4-13. 

28. Abassi Z, Higazi AAR, Kinaneh S, et al. ACE2, COVID-19 infection, inflammation, and coagulopathy: Missing pieces in 

the puzzle. Front Physiol 2020;11:574753. 

29. Ardiana M, Suryawan IGR, Hermawan HO, et al. Perindopril and losartan attenuate pro-coagulation factors in human 

adipocytes exposed to Sars-Cov-2 spike protein. J Physiol Pharmacol 2023;74(3):275-280. 

30. Yang J, Petitjean SJL, Koehler M, et al. Molecular interaction and inhibition of SARS-CoV-2 binding to the ACE2 

receptor. Nat Commun 2020;11(1):4541. 

31. Dhall A, Patiyal S, Sharma N, et al. Computer-aided prediction of inhibitors against STAT3 for managing COVID-19 

associated cytokine storm. Comput Biol Med 2021;137:104780. 



 Harsoyo et al. Narra J 2024; 4 (2): e746 - http://doi.org/10.52225/narra.v4i2.746        

Page 8 of 8 

S
h

o
rt

 C
o
m

m
u

n
ic

at
io

n
 

 

 

32. Muscogiuri G, Bettini S, Boschetti M, et al. Low-grade inflammation, COVID-19, and obesity: Clinical aspect and 

molecular insights in childhood and adulthood. Int J Obes 2022;46(7):1254-1261. 

33. Zoufaly A, Poglitsch M, Aberle JH, et al. Human recombinant soluble ACE2 in severe COVID-19. Lancet Respir Med 

2020;8(11):1154-1158. 

34. Pang X, Cui Y, Zhu Y. Recombinant human ACE2: Potential therapeutics of SARS-CoV-2 infection and its complication. 

Acta Pharmacol Sin 2020;41(9):1255-1257. 

 

 


