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Abstract

Rosuvastatin Administration and Its Effect on 
the IL-6, IL-1β, and TNF-α Cytokines Levels in 
Peripheral Blood Mononuclear Cells of Type II 
Diabetes Mellitus Patients with COVID-19
ANDRIANTO1,2*, Maya Qurota A’YUN1,2, I Gde Rurus SURYAWAN1,2, Fita TRIASTUTI2

Objective: Patients with cardiovascular disease (CVDs) have been reported to have the potential to experience 
severe COVID-19. The inflammatory cytokines such as IL-6, IL-1β, and TNF-α are frequently found in the COVID-19 
cytokine storm. Because of the pleiotropic effect Rosuvastatin could be useful as an anti-inflammatory drug to 
suppress cytokine storms for possible COVID-19 therapy. This study aims to study the effect of rosuvastatin 
administration on IL-6, IL-1β, and TNF-α on peripheral blood mononuclear cells in type 2 diabetes mellitus 
patients stimulated with the SARS-CoV-2 spike protein. Material and methods: Mononuclear cells were isolated 
from peripheral venous blood, and then stimulated with the SARS-CoV-2 subunit S1 spike protein and incubated 
for 24 hours. Cells that had been stimulated by the SARS-CoV-2 spike protein were separated into two groups. 
Group 1 was the control group, which was not given rosuvastatin. Group 2 was given rosuvastatin at a dose of 
20 μM. The expressions of IL-6, IL-1β, and TNF-α were measured from the cell supernatant using the ELISA 
method. Results: Spike protein stimulation significantly increased the expression of IL-6, IL-1β, and TNF-α (p 
= 0.37). Rosuvastatin administered at a dose of 20 μM did not significantly decrease IL-6 (p = 0.568) or IL-1β 
(p = 0.848) expression but increased TNF-α expression (p = 0.792). Conclusion: Rosuvastatin administration 
did not affect the expression of IL-6, IL-1β, and TNF-α in peripheral blood mononuclear cells of diabetics with 
stimulation of the SARS-CoV-2 spike protein.
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INTRODUCTION

Since being declared a pandemic in March 2020, 
COVID-19 has caused individual morbidity and mor-
tality, as well as a decline in world economic conditions. 
The latest data shows that there were 634 million cases 
recorded globally with 6.6 million deaths worldwide. 
In the Southeast Asian region, the highest death rates 
were reported by Indonesia (275 deaths per 100,000 
cases), Thailand (64 deaths per 100,000 cases), and 
India (2638 new cases). This indicates that the COVID-
19 pandemic is still a threat throughout the world1,2. 
Health and financial conditions in both developed and 
developing countries have been severely impacted by 
COVID-19 to an extent never before seen3. 

The latest research proves that 75% of COVID-19 
patients are hospitalized have at least one comorbidity. 
The most frequently reported comorbidities are hyper-
tension, type 2 diabetes mellitus (type 2 DM), cancer, 
endothelial dysfunction, and cardiovascular disease. 
These comorbidities can potentially worsen COVID-
19 patients’ conditions, prolong their hospitalization, 
and increase mortality4-6.

Type 2 DM is a non-communicable disease that 
affects many of the world’s population. Data from the 
International Diabetes Foundation shows that 537 
million people in the world have type 2 DM. This is a 
three-fold increase over the last 20 years. In Indonesia, 
type 2 DM has a 10.9% prevalence with a total of 10.3 
million afflicted, which places Indonesia in 6th place 
for type 2 DM patients worldwide. This, coupled with 
COVID-19, results in worse outcomes compared to the 
non-type 2 DM population. Patients with type 2 DM 
have impaired immunity against COVID-19 related to 
chronic inflammatory conditions, procoagulation, and 
potential for disruption of angiotensin-receptor recep-
tors converting enzyme-2 (ACE2)7-9.

ACE2 receptor disruption and cytokine storms are 
the two main mechanisms that are often cited as causing 
patients with type 2 DM to be more likely to contract 
COVID-19 and have a worse outcome. Studies show 
that COVID-19 patients have increased expression of 
pro-inflammatory cytokines such as IL-1β, IL-1, IL-2, 
IL-6, TNF-α, IFN-γ, IP-10, GM-CSF, MCP-1, and 
IL-10. Currently, cytokine storm prevention is one of 
the therapeutic targets for COVID-19 patients10.

One type of drug that is said to have potential in 
the treatment of COVID-19 patients is the statin 
group. Statins are one of the most widely consumed 

drugs among the world’s population. Statins have good 
efficacy and tolerability profiles in lowering cholesterol 
and for primary and secondary cardiovascular disease 
prevention.[10] Studies shown that statins have sev-
eral pleiotropic effects, which have potential benefits 
when associated with COVID-19 pathogenesis as 
anti-inflammatories. Statins are also used in type 2 
DM patients for primary prevention, which has been 
shown to reduce atherosclerosis incidence and reduce 
all mortality related to cardiovascular disease. The aim 
of this study was to determine the effect of rosuvastatin 
administration on the expression of IL-6, IL-1β, and 
TNF-α in peripheral blood mononuclear cells. This 
phenomenon was observed in people with type-2 dia-
betes mellitus stimulated with the SARS-CoV-2 spike 
protein and compared to a control group12,13. The IL1β 
cytokine disrupts insulin communication in hepato-
cytes and adipocytes, preventing insulin-induced glu-
cose absorption, stifling lipogenesis, and decreasing 
adiponectin secretion. The cytokine IL-1β acts on 
the pancreatic islets, causing β-cell death, β-cell rep-
lication impairment, and a decrease in insulin output. 
Moreover, tumour necrosis factor-alpha (TNF-α), a 
cytokine known to enhance insulin resistance, is pro-
moted by IL-1β114. 

MATERIAL AND METHODS

Data sources, searches, and study selection
This study utilized an experimental pre-test and post-
test control group design in the in vitro setting. The 
experimental work was done between December 
2022-January 2023. This study adhered to the 
Declaration of Helsinki’s guiding principles. Approval 
from the Institutional Ethics Committee of the Faculty 
of Medicine at Universitas Airlangga has been granted 
for this study’s protocols (approval number: 88/EC/
KEPK/FKUA/2022). Informed consent was given 
by the patients as they were willing to be sampled for 
PMBCs and take part in research projects. 

Human peripheral blood mononuclear cell samples 
(PBMCs) were taken from the peripheral blood of dia-
betic patients who agreed to participate in the study. 
Patients with diabetes who were under 40 years old, 
had negative COVID-19 swab examination results, 
had no previous SARS-CoV-2 infection, had never 
been vaccinated for COVID-19, and did not have 
other concomitant conditions other than diabetes met 
the inclusion criteria.
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The PBMCs were then exposed to the SARS-
CoV-2 spike protein and divided into two treatment 
groups at random. P0 was the label for the control 
group that did not receive rosuvastatin, while P1 was 
the group that received 20 μM of rosuvastatin. Each 
treatment group (P0-P1) and the negative control 
group underwent three replications. This resulted in 12 
well plates overall. Repetitions on this procedure were 
conducted for each outcome’s measurements, specifi-
cally for the expression of IL-6, IL-1β, and TNF-α.

RESEARCH PROCEDURES 

SARS-CoV-2 Spike Proteins
This study utilized Eschericia coli-derived SARS-
CoV-2 subunit S1 (RayBiotech, Cat No. 230-01101) 
as the SARS-CoV-2 spike proteins. Based on a pre-
vious study’s protocol (2009), the concentration of S1 
subunit spike protein used in this study was 28 nM15. 
The SARS-CoV-2 spike protein was put in storage at 
-80 degrees Celsius and stabilized at 4 degrees Celsius 
for two weeks. 

PBMC Isolation
A total of 20 millilitres of fresh whole blood (less than 
two hours after extraction) were collected in tubes con-
taining anticoagulants (EDTA, heparin, and citrate). 
Blood was collected in a 50-mL centrifuge tube 
(Corning) and homogenized with an equal amount of 
1x phosphate buffer saline (PBS).

A Ficoll solution (Ficoll Histopaque, Sigma) of 6 
mL was added to a 15-mL centrifuge tube (Corning). 
Then, 6 mL of the blood and PBS mixture was steadily 
put into the Ficoll solution, resulting in the formation 
of two distinct liquid phases. Next, a 40-minute cen-
trifugation was performed at 400 x g at 20°C for 40 
minutes. Plasma was extracted and stored in 1.5-mL 
tubes at -80°C. Using a Pasteur pipette, the buffy coat 
containing PBMCs was removed and moved to a new 
15-mL centrifuge tube. Then, after two washes using 
PBS three times, the buffy coat volume was obtained 
after 10 minutes of centrifugation at 100 x g and 20°C. 

The supernatant that formed was discarded. The 
pellet was suspended in 1 mL of IX RPMI 1640 
medium supplemented with 10% foetal bovine serum 
(FBS), 2 mM 1-glutamine, 100 U/mL penicillin, and 
100 ug/mL streptomycin. The PBMC quantity was 
determined using a cell counter. PBMCs were incu-
bated in a 37% incubator with 5% CO2 for one day.

PBMCs Seeding
BMCs in 1x RPMI 1640 medium was supplemented 
with 10% fetal bovine serum (FBS), 2 mM 1-gluta-
mine, 100 U/mL penicillin, and 100 μg/mL strepto-
mycin. In 18-well plates, PBMCs were seeded for each 
treatment and infection duration. Each well plate con-
tained 100,000 PBMCs. Each observation was per-
formed in triplicate.

Stimulation of PBMCs with SARS-CoV-2 Spike 
Protein
The PMC cell culture was exposed to the spike pro-
tein SARS-CoV-2 subunit S1, which was dissolved in 
RPMI medium. The S1 subunit protein was exposed at 
a concentration of 28 nM, then incubated on ice for 30 
minutes and at 37.5 degrees Celsius for 30 minutes. The 
culture was then replenished with 5 ml of RPMI 1640 
and returned to 37 degrees Celsius. After 24 hours, 
0.5 ml of medium supernatant was collected, and the 
ELISA method was used to analyse the basal cytokine 
levels. Randomization for statin exposure was initi-
ated when there was a considerable increase in cyto-
kine levels compared to the negative control (without 
exposure to spike proteins). Samples were divided into 
two groups: the control group and the group receiving 
rosuvastatin at 20 μM.

Statin Treatment Method 
Samples were divided into two groups: the control 
group and the group receiving rosuvastatin 20 μmol/L. 
The administration of rosuvastatin was randomized 
and single-blind. Statin was kept in the medium after 
being dissolved in 5 mM dimethyl sulfoxide (DMSO). 
PBMCs dissolved in the medium were incubated with 
or without statin. The cell culture was added with statins 
at concentrations of 20 μM. Control cultures were 
incubated with medium and DMSO at concentrations 
of 0%, 2%, and 1%, which corresponded to the statin 
concentration added. Each culture was incubated for 
24 hours. At the conclusion of the incubation period, 
the culture medium was collected, the cells were sepa-
rated by centrifugation, and the supernatant was stored 
at -70°C for future cytokine counting assays.

Detection of Cytokines in PBMCs Supernatants 
Stimulated with SARS-CoV-2 Subunit S1 Spike 
Protein by the ELISA Method 
IL-6, IL-1β, and TNF-α cytokines in PBMCs super-
natants stimulated with SARS-CoV-2 spike-protein 
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were detected using a human cytokine-specific ELISA 
kit. The workup consisted of the controls and calibra-
tors (triplicate) that were included in the kit. Samples of 
control and PBMC supernatant were diluted at a ratio 
of 1:10 with sample diluent. Microwells (12x8 wells) 
were supplied with 100 μl of negative control, positive 
control, calibrator, and sample dilutions. Microwells 
were then sealed with a cover and incubated at 37°C for 
one hour. Microwells were then washed with lx wash 
buffer and repeated six times using the WellwashTM 
Microplate Washer (Thermo Scientific). After washing, 
100 μl of horseradish peroxidase (HRP)-conjugated 
monoclonal antibody (MAb) was added. Microwells 
were then sealed with a cover and incubated at 37°C 
for one hour. After washing each well, 100 μl TMB 
chromogen was added and incubated at room tempera-
ture for 10 minutes. Each well received 100 μl of stop 
solution. The resulting color intensity was measured at 
a wavelength of 450 nm using a microplate photometer 
(Thermo Scientific). Each cytokine level was measured 
in the two groups, namely the control group (without 
rosuvastatin administration) and the group where 20 
μM of rosuvastatin was administered.

Statistical analysis 
The difference was deemed statistically significant if  
p<0.05.

RESULT

The PBMCs were isolated using the density gradi-
ent centrifugation technique with a Ficoll solution. 
The centrifugation process produced a cloudy annu-
lus between the plasma and Ficoll layers containing 
PBMCs. A mononuclear cell culture was maintained 
for three days. Then, SARS-CoV-2 subunit S1 spike 
protein was stimulated and incubated for 24 hours. The 
mean value of viable cells was 9.45 x 105 PBMCs/mL 
(Figure 1).

Figure 1. Calculation of cell density using hemacytometer; viable 
cells appear white with an intact round morphology

After 24 hours of incubation following SARS-
CoV-2 spike protein stimulation, cytokine expression 
levels were assessed. Compared to the PBMCs without 
spike protein administration group, the TNF-α expres-
sion was 1.7 times higher (p=0.037) (Figure 2). IL-6 
was expressed 4,680 times more than in the PBMCs 
without spike protein administration group (p=0.037). 
IL-1β expression was 4.9 times greater than that in the 
group of PBMCs without spike protein administration 
(p=0.037). These findings indicate that SARS-CoV-2 
spike protein stimulation increases PBMCs’ TNF-α, 
IL-6, and IL-1β expression.

The T2 test performed on the TNF-α group found 
no significant differences between groups (p=0.792; 
p>0.05). It can be seen that the rosuvastatin adminis-
tration increased TNF-α expression, but this was not 
statistically significant. In the IL-6 group, there was 
no significant difference between groups (p=0.568; 
p>0.05). It can be seen that rosuvastatin administra-
tion decreased IL-6 expression, but this was not sta-
tistically significant. Tests performed on the IL-1β 
group showed that the data were homogeneous, but 
there were no significant differences between groups 
(p=0.848; p>0.05). It can be seen that rosuvastatin 
administration decreased IL-1β expression, but this 
was not statistically significant.

ANDRIANTO et al.
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Figure 2. Differences in levels of TNF-α, IL-6, and IL-1β between PBMCs 
without spike protein and SARS-CoV-2 spike protein stimulation

Figure 2. Differences in levels of TNF-α, IL-6, and IL-1β between all doses of 
atorvastatin and control groups

Rosuvastatin Administration and Its Effect on the IL-6, IL-1β, and TNF-α Cytokines Levels...
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DISCUSSION

SARS-CoV-2 subunit S1 protein may upgrade the 
inflammation response by increased expression of 
IL-6, IL-1β, and TNF-α in PBMCs. This observation 
found a sizeable increment within the IL-6, IL-1β, and 
TNF-α levels between PBMC businesses with SARS-
CoV-2 spike protein incitement and organizations 
without spike protein incitement. This finding is con-
sistent with that of Gu, who subjected rodents to spike 
protein and observed a critical increase in TNF-α and 
IL-6 in their bronchoalveolar lavage liquid (BALF). 
The pneumonic fiery method appears to have quickened 
TNF-α and IL-6, and may also incite a cytokine storm 
in the lung’s interior16. The preliminary cytokine storm 
in SARS-CoV-2 infections begin with the release of 
inflammatory cytokines (IL-6, IL-1, and TNF- α), as 
well as elevated chemokine levels inside the respiratory 
epithelium17. The disturbance of the respiratory epi-
thelium by TNF-, IL-6, IL-17, and IL-1 is thought 
to contribute significantly to lung injury in ARDS 
patients. This is because these cytokines participate in 
the inflammatory typhoon process, which worsens pul-
monary fibrosis, and may lead to abnormal blood flow 
through the pulmonary capillaries and organ failure18.

According to previous research, SARS-CoV-2 
infects human respiratory epithelial cells via interact-
ing with ACE2 receptors on the glycoprotein S spike19. 
The primary pathophysiology for SARS-CoV-2 is 
the direct infection of T cells and macrophages20. 
Consequently, SARS-CoV-2 entry into lymphocytes 
is facilitated by the expression of ACE2 receptors on 
lymphocytes, particularly T cells21.

In this experiment, PBMCs from diabetic donors 
were used. Elevated glucose levels increase SARS-
CoV-2 replication directly in monocytes, and glycol-
ysis increases SARS-CoV-2 replication by generating 
reactive oxygen species in the mitochondria. Due to 
this, hyperglycaemia may promote viral replication. 
In addition, COVID-19 patients with concomitant 
diabetes and uncontrolled hyperglycaemia tend to 
have a higher risk of death than those with controlled 
blood sugar22. Studies have shown that diabetics have 
elevated levels of proinflammatory cytokines, such 
as interleukin-6 (IL-6), tumour necrosis factor alpha 
(TNF-α), and interleukin-1 beta (IL-1β). These cyto-
kines are produced by various cells in the body, includ-
ing adipose tissue, liver, and immune cells. The increase 
in inflammatory cytokines in diabetics is thought to 

be caused by a number of factors, including increased 
glucose levels, insulin resistance, and oxidative stress. 
High glucose levels can activate several pathways in 
the body that lead to inflammatory cytokine produc-
tion. This leads to higher mortality in diabetics from 
comorbidities with COVID-1923. This study utilized 
PBMCs from diabetic donors for some of the reasons 
listed above.

Bessler conducted an earlier in vitro study of human 
PBMCs exposed to certain types of statins (which did 
not stimulate protein spikes). IL-6 and IL-1β levels 
were not affected by statin supplementation at any con-
centration. However, atorvastatin reduced IL-1ra, IL-2, 
and IFN-α secretion at high concentrations24. Another 
study was conducted by Loppnow on human smooth 
muscle cells and monocytes by stimulation with LPS 
using different statins. Subsequent observation of IL-6 
levels revealed that atorvastatin did not inhibit IL-6 
production in monocytes. However, it did inhibit IL-6 
production in smooth muscle cell isolate cultures or 
in cocoons of smooth muscle cells with mononuclear 
cells25. Interestingly, in COVID-19 patients, elevated 
IL-6 levels are associated with a worsening of the con-
dition. Previous studies have shown a direct correla-
tion between the hyperactivity of the humoral immune 
route and the immunological profile of severely ill 
Covid-19 patients. Additionally, in addition to IL-6, 
which is an essential mediator of multiorgan dysfunc-
tion, respiratory failure, and shock26.

The results of this study showed that there were no 
significant changes in the expression of IL-6, IL-1β, 
and TNF-α in the PBMC cell group without rosu-
vastatin compared to the group with rosuvastatin 
administration. Several retrospective clinical studies 
and meta-analyses have tested the potential of statins 
as a treatment for COVID-19 by inhibiting inflam-
matory cytokines with varying results. A retrospective 
cohort study involving 290,348 patients showed rosu-
vastatin’s protective effects (aOR 0.91; p=0.00000024) 
which could reduce the severity of the disease and 
prevent hospitalization due to COVID-19. Although, 
this study would have been better if it was followed 
by clinical trials of rosuvastatin’s potency as a prophy-
laxis. One of the meta analyses conducted by Lao et 
al. investigated rosuvastatin’s protective benefits in 
COVID-19 patients and demonstrated that statin use 
was associated with a significant reduction in mortality 
(OR=0.72, 95% CI: 0.67-0.77; HR=0.74, 95% CI : 0.69, 
0.79), ICU admission (OR=0.94, 95% CI: 0.89-0.99; 
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HR=0.76, 95% CI: 0.60-0.96), and mechanical venti-
lation (OR=0.84, 95% CI: 0.78-0.92; HR=0.67, 95% 
CI: 0.47–0.97)27. The results of this study indicated 
that 20 μM of rosuvastatin administration reduced 
IL-6 and IL-1β expression in PBMC stimulated with 
the SARS-Cov-2 spike protein, although this was not 
statistically significant. These results are in line with 
previous research by Andrianto et al. on subjects taking 
simvastatin and atorvastatin. That study observed sim-
vastatin administration to PBMC cells of hyperten-
sive patients who were given the SARS-CoV-2 spike 
protein transfection. The study reported insignificant 
reductions in IL-6 and IL-1β. Follow-up studies using 
atorvastatin in three doses (10, 25, and 50 μM) showed 
no significant changes in IL-6, IL-1β, and TNF-α 
expression. Atorvastatin administered at a dose of 10 
μM resulted in an increase in IL-1β, although it then 
decreased with increasing doses28.

Unlike IL-6 and IL-1β expressions which decreased 
after administration of 20μM rosuvastatin, TNF-α 
expression increased, although this was not statistically 
significant. Research that specifically examines rosu-
vastatin’s effects on PBMCs exposed to the SARS-
Cov-2 spike protein has never been done before. 
Clinical research by Sadeq et al. looked at the effects 
of 40mg of atorvastatin and 40mg of rosuvastatin for 
one month in patients with acute coronary syndrome 
with and without a history of COVID-19. This study 
found a decrease in HS-CRP and IL6 (p < 0.001) in 
blood samples in both groups. TNF-α expression did 
not change significantly in the two groups at the end 
of the study (p=0.813) and (p=0.553). Statin admin-
istration increased TNF-α expression in this study. It 
increased from the baseline throughout one month of 
exposure, although this was not statistically significant 
(p=0.324)29.

In addition to the exact time of administration, 
the duration of statin administration is also thought 
to have an influence on the resulting pleiotropic effect. 
A meta-analysis by Diaz-Arocutipa et al. found that 
only patients on long-term statin use had lower mor-
tality independently. This suggests that prolonged 
exposure to statins is necessary to realize their benefi-
cial effects in COVID-19 patients30. An in vitro study 
by Gasbarrino et al. has also identified pleiotropic 
properties of oral statins (atorvastatin and rosuvasta-
tin) in modulating the adiponectin-AdipoR pathway 
in the monocyte-macrophage lineage. However, the 
same study also found that statin therapy can damage 

adiponectin and its receptors’ expression and functions, 
thus increasing the release of inflammatory cytokines 
including TNF-α. The current study isolated PBMC 
cells and did not specifically isolate macrophage cells, 
and this could be the cause of the less pronounced sta-
tin pleiotropic effects. Cellular-based research such as 
in vitro studies can show a high degree of inter-lab-
oratory and intra-laboratory heterogeneity due to the 
complex nature of cell cultures. Biological (cell type, 
seed density, and media composition) and technical 
(drug type, time of drug administration, dosage, and 
conditions and duration of incubation) parameters may 
contribute to variation. This may, in turn, contribute to 
the differential effects observed between various inves-
tigations of statin effects associated with the inflamma-
tory response in PBMC cells31.

Cellular doses that are not in line with clinical doses 
can also be the cause of insignificant results. Based on a 
study conducted by Bergman et al., a dose of 20 mg of 
atorvastatin is equivalent to a maximum concentration 
of 40 nM in human serum. This is much lower than 
the dose used in previous in vitro studies, which was 
between 10-20 μMol/L. However, this study did not 
include cellular rosuvastatin doses32. Another study by 
Dikmen et al. stated that rosuvastatin doses of 100μM 
began to cause toxicity to cells33. This made it necessary 
to rationalize the use of rosuvastatin doses in in vitro 
and in vivo studies. Intracellular statin concentrations 
at the level of endothelial and immunologically active 
cells is still not widely studied32.

CONCLUSION

Administration of rosuvastatin did not affect expres-
sion of IL-6, IL-1β, and TNF-α in peripheral blood 
mononuclear cells of diabetics with stimulation of the 
SARS-CoV-2 spike protein.
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