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Abstract—SARS-CoV-2 by the direct cytopathic effect or indirectly through the propaga-
tion of pro-inflammatory cytokines could cause endothelial dysfunction (ED) and oxidative
stress (OS). It has been reported that OS is triggered by various types of viral infections,
including SARS-CoV-2. Into the bargain, allopurinol is regarded as a potent antioxidant
that acts through inhibition of xanthine oxidase (XO), which is an essential enzyme of
purine metabolism. Herein, the present study aimed to find the potential protective effects
of allopurinol on the biomarkers of OS and ED in patients with severe Covid-19. This
single-center cohort study recruited 39 patients with mild-moderate Covid-19 compared
with 41 patients with severe Covid-19. Nineteen patients with severe Covid-19 were on
the allopurinol treatment because of underlying chronic gout 3 years ago compared with
22 Covid-19 patients not on this treatment. The recruited patients were allocated into three
groups: group I, mild-moderate Covid-19 on the standard therapy (n=39); group II, severe
Covid-19 patients on the standard therapy only (n=22); and group III, severe Covid-19
patients on the standard therapy plus allopurinol (n=19). The duration of the study was
3 weeks from the time of hospitalization till the time of recovery. In addition, inflamma-
tory biomarkers (D-dimer, LDH, ferritin, CRP, procalcitonin), neutrophil-lymphocyte
ratio (NLR), endothelin-1 (ET-1), uric acid and oxidative stress index (OSI), CT scan
score, and clinical score were evaluated at the time of admission and discharge regarding
the effect of allopurinol treatment adds to the standard treatment of Covid-19. Allopurinol
plus standard treatment reduced LDH, ferritin, CRP, procalcitonin, and ET-1 serum level
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significantly (P <0.05) compared with Covid-19 patients on standard treatment. Besides,
neutrophil (%), lymphocyte (%), and neutrophil-lymphocyte ratio (NLR) were reduced
in patients with severe Covid-19 on standard treatment plus allopurinol compared with
Covid-19 patients on standard treatment alone (P <0.01). OSI was higher in patients with
severe Covid-19 than mild-moderate Covid-19 patients (P=0.00001) at admission. At the
time of discharge, the oxidative status of Covid-19 patients was significantly improved
compared with that at admission (P=0.01). In conclusion, Covid-19 severity is linked with
high OS and inflammatory reaction with ED development. High uric acid in patients with
severe Covid-19 is correlated with high OS and inflammatory biomarkers. Allopurinol with
standard treatment in patients with severe Covid-19 reduced oxidative and inflammatory
disorders with significant amelioration of ED and clinical outcomes.

KEY WORDS: SARS-CoV-2; oxidative stress; endothelial dysfunction; allopurinol; inflammatory disorders.

INTRODUCTION

The existence of coronavirus disease 2019 (Covid-
19) is caused by a novel coronavirus known as a severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and leads to worldwide diastrophic effects [1]. In this
prudence, direct SARS-CoV-2 cytopathic damage and
pro-inflammatory cytokines release could cause acute
respiratory distress syndrome (ARDS) [2]. In Covid-19,
SARS-CoV-2 mainly invades lung alveolar type II pneu-
mocyte cells due to advanced expression of angiotensin-
converting enzyme 2 (ACE2), a receptor involved for
entry SARS-CoV-2 [3]. The majority of affected Covid-19
patients are asymptomatic and presented with mild res-
piratory symptoms, though a small proportion of Covid-19
patients may develop severe forms of respiratory symp-
toms due to the development of acute lung injury (ALI),
which may progress to ARDS [4].

SARS-CoV-2 by the direct cytopathic effect or
indirectly through the propagation of pro-inflammatory
cytokines could cause endothelial dysfunction (ED) and
various forms of vasculopathies [5]. Likewise, oxidative
stress (OS) is induced during SARS-CoV-2 infection with
ED development [6]. It has been reported that OS is trig-
gered by various types of viral infections, including hepa-
titis viruses, human immune deficiency virus-1 (HIV-1),
and most RNA viruses like coronavirus [7].

In general, viral infections increase the production
of free radicals and reduction of endogenous antioxidant
capacity through induction of mitochondrial dysfunction.
Besides, Covid-19-induced cytokine storm and high pro-
inflammatory cytokines with ferritin levels could induce
the generation of reactive oxygen species via Fenton reac-
tion [8]. In addition, pro-inflammatory cytokines activate
inducible nitric oxide synthase (iNOS), which react with

ROS and superoxide ions to form oxidizing peroxynitrite
[9]. Hypoxia, tissue ischemia, hypertension, and diabe-
tes mellitus commonly associated with Covid-19 reduce
cellular antioxidant capacity [10, 11]. Reduction of anti-
oxidant capacity in Covid-19 patients with underlying
comorbidities predisposes to OS development [12].

On the other hand, ED is developed during the
progression of OS through impairment synthesis and
release of NO [13]. Moreover, deficiency of endothelial
NO predisposes for activation of prothrombotic and pro-
inflammatory cascades with noteworthy abnormal altera-
tions of the endothelial lining, abnormal vascular tone,
and development of ED [14]. Thus, mitigation of OS by
antioxidants may attenuate the development of ED and
associated vasculopathy in Covid-19 patients [15].

Into the bargain, allopurinol is regarded as a potent
antioxidant that acts through inhibition of xanthine oxi-
dase (XO), which is an essential enzyme of purine metab-
olism [16]. It is involved in the oxidation of xanthine and
hypoxanthine for the generation of uric acid. In addition,
XO induces ROS generation through calcium signaling
and NO pathways [17]. Therefore, inhibition of XO by
allopurinol and other XO inhibitors may reduce the risk
of the development of ED [18]. In fact, allopurinol is
metabolized by aldehyde oxidase and gives an active
metabolite, oxipurinol, which has a long half-life and is
regarded as a potent inhibitor of XO [19]. High xanthine
and hypoxanthine concentration due to inhibition of XO
by allopurinol may cause feedback inhibition of purine
biosynthesis. Thus, allopurinol may inhibit both uric acid
production and de novo purine synthesis [20].

It has been shown that expression of XO is induced
by different respiratory RNA viral infections, including
SARS-CoV-2 leading to the building of OS and produc-
tion of uric acid [21]. Therefore, the rationale of the
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present study was that allopurinol might attenuate the
induced XO by SARS-CoV-2 in patients with severe
Covid-19 and associated inflammatory and oxidative
changes.

Herein, the present study aimed to find the potential
protective effects of allopurinol on the biomarkers of OS
and ED in patients with severe Covid-19.

METHODS

In this single-center cohort prospective study, 39
non-hospitalized patients with mild-moderate Covid-
19 compared with 41 hospitalized patients with severe
Covid-19 were recruited according to the international
diagnostic criteria from the Al-Atah Specialized Medi-
cal Center for Covid-19 Baghdad, Iraq, during a period
from Feb 1 till March 2021. Nineteen patients with severe
Covid-19 were on the allopurinol treatment 300 mg/day
because of underlying chronic gout 3 years ago compared
with 22 Covid-19 patients not on this treatment. Follow-
ing the meticulous medical history, physical examina-
tion, and biochemical and serological investigations, the
recruited patients were allocated into three groups:

Group I: Mild-moderate Covid-19 on the standard
therapy (n=39)

Group II: Severe Covid-19 patients on the standard
therapy only (n=22)

Group III: Severe Covid-19 patients on the standard
therapy plus allopurinol (n=19)

The duration of the study was 3 weeks from the time of
hospitalization till the complete patient’s recovery. This study
was approved by the Scientific Jury and Ethical Committee
in College of Medicine, Al-Mustansiriyah University, in col-
laboration with the Al-Atah Specialized Medical Center for
Covid-19 management, on Apr 10, 2021 (TRW34 in 2021).

The standard treatment of Covid-19 was aceta-
minophen tablet 2 g/day, famotidine tablet 40 mg/day,
ivermectin tablet, subcutaneous enoxaparin 4000 iu/day,
azithromycin 500 mg/day, and favipiravir 1800 mg/day. In
addition, though, intravenous remdesivir 100 mg/day was
used for severe cases.

Inclusion Criteria
Any Covid-19 patients of either gender with mild

to severe presentation with/without concomitant use of
allopurinol were included in this study.

Exclusion Criteria

The patients with chronic kidney diseases, hepatic
disorders, endocrinopathy, lactation, pregnancy, autoim-
mune disorders, and mental and psychiatric disorders
were excluded.

The primary outcomes of the present study were to
evaluate the efficacy of allopurinol plus standard therapy
on the discharging time and mortality. However, the sec-
ondary outcomes were to appraise the effectiveness of
allopurinol plus standard therapy on the biomarkers of
OS, inflammatory, and pro-inflammatory profiles, as well
as radiological and clinical recoveries.

Biochemical and Serological Investigations

Real-time polymerase chain reaction (RT-PCR)
was performed to confirm the recent SARS-CoV-2 infec-
tion for all recruited patients. Besides, anti-SARS-CoV-2
antibodies (Covid-19 test, Novalisa, VROTECH, Ger-
many), including IgM and IgG, were used to detect the
recent SARS-CoV-2 infection. Complete blood count
(CBC) was done by an auto-analyzer (Zhejiang Xinke
Medical Technology Co., Ltd, China). Serum uric acid
was measured by a colorimetric assay kit (E-BC-K016-M
Abcam).

Furthermore, biomarkers of inflammations in
Covid-19 were assessed by ELISA kit methods, includ-
ing D-dimer, C-reactive protein (CRP), serum ferritin,
lactate dehydrogenase (LDH), and procalcitonin. Assess-
ment of endothelial function was done by measuring
endothelin-1 (ET-1) by ELISA kit method (ET-1, ELISA
ab133030, Abcam). In addition, total antioxidant status
(TAS) and total oxidant status (TOS) were estimated by
ELISA kit methods (human antioxidant MBS 162650,
MyBioSource, human total oxidant MBS 162650) that
are expressed as mol/L). Then, oxidative stress index
(OSI) can be calculated by a specific equation (OSI)

_,TOS

Measurement of Anthropometric Parameters

The patient’s body mass index (BMI) was meas-
ured depending on body weight (kg) and height (m?) as

follows, BMI = B}Yr:;%) [23]. In addition, the pressure

profile of the recruited patients was measured at the
supine position from the left arm by an automated sphyg-
momanometer. Diastolic blood pressure (DBP) and
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systolic blood pressure (SBP) were measured. From SBP
and DBP, both pulse pressure (PP) and mean arterial
pressure (MAP) were calculated by explicit equations.
PP =SBP-DBP or (MAP-DBP)/0.33, while
MAP=(SBP+2 DBP)/3 [24].

Estimation of Lung Radiological Measures

Lung computed tomography (CT) scan and posterior-
anterior chest X-ray were performed to detect lung involve-
ment by Covid-19 pneumonia, which might be bilateral
ground-glass opacity (GGO) in most cases (75%). How-
ever, unilateral lung GGO might be illustrated in 25% of
patients with Covid-19 pneumonia [25]. The scoring of
lung CT scan was also done according to Francone et al.
method [26]: score 1, lung injury < 5%; score 2, lung injury
5-25%; score 3, lung injury 26-50%; score 4, lung injury
51-75%; and score 5, lung injury > 75%.

Estimation of Clinical Outcomes

The clinical scores were evaluated at the time of hospi-
talization and discharge for patients with severe Covid-19 in
response to Gude ef al. scoring system from 1-7 score [27].

Score 1: The patient does not need hospitalization with
normal activity.

Score 2: The patient does not need hospitalization but
not resumed usual activity.

Score 3: The patient needs hospitalization without
need for oxygen supplementation.

Score 4: The patient needs hospitalization and oxygen
supplementation.

Score 5: The patient needs hospitalization and oxygen
supplementation by non-invasive method.

Score 6: The patient needs hospitalization and mechan-
ical ventilation.

Score 7: Death.

Statistical Analysis

Data were analyzed using SPSS (IBM, Version
24.00, Armonk, IBM, NY, Corp, USA). Results are
expressed and presented as number (n), percentages,
and mean =+ standard deviation (SD). An unpaired #-test
was applied to find the statistical differences between
two independent groups. In addition, Pearson correla-
tion was done to discover the significance of correla-
tions. P-value < 0.05 was regarded significant.

RESULTS

Characteristics of the Present Study

At the beginning of the present study, 86 Covid-19
were recruited, two patients died, and four patients were
excluded because of heart failure (n=2), acute renal
failure (n=1), and stroke (n=1). Thus, only 80 patients
continued the study and were subjected for investiga-
tions as 39 Covid-19 patients with mild-moderate and
41 patients with severe Covid-19. During the study, 3
patients died, and the rest continued the study (Fig. 1).

The characteristics of the present study revealed a
total number of 80 Covid-19 patients with a mean age
of 44.84 +8.12 years and a high male to female (M:F)
ratio 57:23. Likewise, the race of recruited patients was
predominantly white compared to the black race (73:7).
The recruited patients were 39 (48.75%) of mild-moderate
Covid-19, and 41 (51.25%) of them were severe Covid-
19. The severe Covid-19 patients on the standard treat-
ment only were 22 (27.50%), while 19 (23.75%) were
on the standard treatment plus allopurinol. Some of the
recruited Covid-19 patients had concomitant illnesses,
including gout 19 (23.75%), hypertension 23 (28.75%),
asthma 6 (7.50%), and ischemic heart disease 13 (16.25%).
Besides, some of Covid-19 patients were on different treat-
ments including allopurinol 19 (23.75%), indomethacin
3 (3.75%), clopidogrel 12 (15.00%), statins 3 (3.75%),
montelukast 6 (7.50%), amlodipine 7 (8.75%), atenolol 9
(11.25%), metoprolol 5 (6.25%), and valsartan 2 (2.50%)
(Table 1).

Evaluation of Covid-19 Patients at the Time
of Admission

We analyzed the effects of allopurinol on the
standard treatment of severe Covid-19 patients on the
anthropometric and inflammatory variables, compared
with the standard treatment alone in severe and mild
to moderate Covid-19 patients. Both age and body
mass index (BMI) were not significant (P=0.95 and
P =0.68, respectively). Regarding pressure profile of
patients, systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial pressure (MAP) were
low in mild-moderate Covid-19 patients compared to
patients with severe Covid-19 on standard treatment
only (P=0.006, P=0.003, and P=0.0001, respec-
tively). However, MAP was lower in severe Covid-
19 patients on standard treatment plus allopurinol
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Fig. 1 Consort flow-chart of the present study.

compared with Covid-19 patients on standard treat-
ment alone (P=0.02). Oxygen saturation was reduced
in Covid-19 patients on standard treatment alone com-
pared with Covid-19 patients on standard treatment
plus allopurinol (P =0.002). In addition, MAP was

I v

(nzzn) Amllyzed (" =18)

lower in Covid-19 patients on standard treatment plus
allopurinol than Covid-19 patients on standard treat-
ment (P=0.02). LDH and ferritin serum levels were
higher in patients with severe Covid-19 than mild-
moderate Covid-19 patients (P =0.002 and P =0.0001,
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Table 1 Characteristic of the Present Study

The characteristics Mean + SD,
n, %

n 80

Age (years) 44.84+8.12

Gender (M:F) ratio 57:23

Race (white: black) ratio 73:7

Mild-moderate Covid-19 39 (48.75)

Severe Covid-19 41 (51.25)
On the standard treatment only 22 (27.50)
On the standard treatment plus allopurinol 19 (23.75)

Concomitant diseases
Gout 19 (23.75)
Hypertension 23 (28.75)
Asthma 6 (7.50)
Ischemic heart disease (IHD) 13 (16.25)

Concomitant treatments
Allopurinol 19 (23.75)
Indomethacin 3(3.75)
Clopidogrel 12 (15.00)
Statins 3(3.75)
Montelukast 6 (7.50)
Amlodipine 7 (8.75)
Atenolol 9 (11.25)
Metoprolol 5(6.25)
Valsartan 2 (2.50)

Data expressed as mean + SD, number (n), and percentages (%), M: F,
male: female ratio

respectively). So, allopurinol in patients with severe
Covid-19 did not significantly affect LDH and ferritin
serum levels compared to Covid-19 patients on standard
treatment (P> 0.05). However, CRP and procalcitonin
serum levels were lower in Covid-19 patients on stand-
ard treatment plus allopurinol than Covid-19 patients on
standard treatment (P =0.0001 and P=0.002, respec-
tively). Serum uric acid was low in patients with mild-
moderate Covid-19 and patients with severe Covid-
19 on allopurinol compared with severe Covid-19 on
standard treatment alone (P =0.002). Furthermore,
endothelin-1 (ET-1) serum level was higher in patients
with severe Covid-19 than mild-moderate Covid-19
patients (P =0.00001) regardless of allopurinol treat-
ment. Moreover, CT scores were higher in patients
with severe Covid-19 compared with mild-moderate
Covid-19 patients (P =0.00001) without significant
effect of allopurinol treatment. Concerning complete

blood count (CBC), WBCs were higher in patients with
severe Covid-19 than mild-moderate Covid-19 patients
(P=0.00001). Besides, neutrophil (%), lymphocyte (%),
and neutrophil-lymphocyte ratio (NLR) were reduced
in patients with severe Covid-19 on standard treatment
plus allopurinol compared with Covid-19 patients on
standard treatment alone (P <0.01) (Table 2).

Regarding oxidative status, TOS and OSI were higher
in patients with severe Covid-19 than mild-moderate Covid-
19 patients (P=0.00001). TOS was low in mild-moderate
Covid-19 patients (30.42+6.01 umol/L) compared with
patients with severe Covid-19 on standard treatment only
(42.29+49.2901 pmol/L) (P=0.0001). However, TOS was
lower in patients with severe Covid-19 treated by stand-
ard treatment plus allopurinol (36.73 +7.08 umol/L) as
compared with severe Covid-19 treated by standard alone
(P=0.04) (Fig. 2).

Evaluation of Covid-19 Patients at the Time
of Discharge

Following 3 weeks of management with either
standard treatment alone or standard treatment plus
allopurinol, most anthropometric and inflammatory var-
iables returned to near normal values, mainly in mild-
moderate Covid-19 patients. The clinical score was better
in mild-moderate Covid-19 patients (1.11 +0.63) as com-
pared with patients with severe Covid-19. The clinical
score was also better in patients with severe Covid-19
on standard treatment plus allopurinol than those on the
standard treatment alone (P =0. 00,001). The mortal-
ity rate was zero in mild-moderate Covid-19 patients;
however, the mortality rate was 2 (10.0%) in patients
with severe Covid-19 on standard treatment and 5.5% in
patients with severe Covid-19 on standard treatment plus
allopurinol (Table 3).

Regarding oxidative status at the time of dis-
charge, TOS was low in mild-moderate Covid-19
patients (20.57 +3.51 pmol/L) compared to the severely
affected patients (P =0.00001). As well, TOS was
lower in patients with severe Covid-19 on standard
treatment plus allopurinol (23.61 +3.41 umol/L) com-
pared with patients with severe Covid-19 on stand-
ard treatment (29.04 +3.45 umol/L) (P =0.00001).
The TAS was better in mild-moderate Covid-19
(1188.94 +51.62 umol/L) as compared with severely
affected patients. There was an insignificant difference
between patients with severe Covid-19 on standard
treatment with or without allopurinol (P =0.86). OSI
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pared with Severe Covid-19 Patients on the Standard Treatment Alone and Mild to Moderate Covid-19 Patients at the Time of Admission

The parameters A (n=39) B (n=22) C@nm=19) I II I ANOVA
Age (years) 44.53+8.73 44.23+8.93 43.81+8.49 Ns Ns Ns 0.95
BMI (kg/m?) 35.61+3.91 34.82+3.77 34.91+3.91 Ns Ns Ns 0.68
SBP (mmHg) 132.80+7.05 139.63+8.91 135.05+9.31 0.006 Ns Ns 0.009
DBP(mmHg) 83.95+8.31 90.53+6.47 86.29+5.99 0.003 Ns Ns 0.005
PP(mmHg) 48.85+6.93 49.10+£6.88 48.76 £7.31 Ns Ns Ns 0.98
MAP(mmHg) 100.23 +4.31 106.90 +6.29 102.54+4.91 0.00001 Ns 0.02 0.00001
Sa02 (%) 96.83+2.41 87.09+3.71 90.56+3.85 0.00001 0.00001 0.002 0.00001
D-dimer (ng/mL) 238.93+11.78 643.94+23.95 521.73+12.72 Ns Ns 0.02 0.00001
LDH (U/L) 296.81+9.21 495.72+29.53 275.12+15.49 Ns 0.002 Ns 0.00001
Ferritin(ng/mL) 276.80+11.03 503.61+26.41 312.67+£12.92 Ns 0.0001 Ns 0.00001
CRP (mg/L) 11.79+2.91 25.73+4.81 12.30+3.95 0.0001 Ns 0.0001  0.00001
Procalcitonin (ng/mL) 0.19+0.03 0.24+0.04 0.20+0.01 0.0001 Ns 0.002 0.00001
Uric acid (mg/dL) 7.52+1.95 9.56+2.07 7.59+2.83 0.002 Ns 0.01 0.002
ET-1(pg/mL) 25.07+8.05 43.86+9.12 34.63+7.22 0.00001 0.00001 0.001 0.00001
CT scan score (%) 2.12+1.33 4.68+1.04 4.11+£1.09 0.00001 0.00001 Ns 0.00001
WBC (10°/uL) 11.59+2.84 14.37+2.99 13.63+3.61 0.003 Ns Ns 0.002
Neutrophil (%) 66.73+4.01 87.94+8.45 81.91+5.04 0.00001 0.00001 0.003 0.00001
Lymphocytes (%) 21.71+2.75 12.23+6.95 17.53+£5.04 0.00001 0.007 0.001 0.00001
NLR 3.07+1.71 7.19+2.97 4.67+2.30 0.00001 0.03 0.001 0.00001

Data presented as mean+SD. A: Patients with mild-moderate Covid-19. B: Patients with severe Covid-19 on the standard treatment only. C:
Patients with severe Covid-19 on the standard treatment plus allopurinol. I: A vs. B, II: A vs. C, IIL: B vs. C. Ns not significant, BMI body mass
index, SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial pressure, SaO2 oxygen saturation, LDH
lactate dehydrogenase, CRP C-reactive protein, E7-] endothelin-1, NLR neutrophil-lymphocyte ratio

at the time of discharge was not significantly different
among treated patients (P =0.09) (Fig. 3). At the time
of discharge, the oxidative status of Covid-19 patients
was significantly improved compared with that at
admission (P=0.01).

Indeed, the present study revealed that uric acid
serum level was significantly correlated with inflam-
matory and oxidative stress biomarkers in Covid-19
patients at admission. However, this correlation was
reduced slightly in Covid-19 patients at discharge time
(Table 4).

Furthermore, OSI in the present study was sig-
nificantly correlated with the inflammatory and oxida-
tive stress biomarkers, uric acid, a biomarker of ED,
and biomarkers of lung injury biomarkers in Covid-19
patients at the time of admission. Following 3 weeks of
treatment with standard treatment and/or allopurinol,
reduction of OSI was associated with improvement of
the clinical score at the time of discharge of Covid-19
patients (Table 5).

DISCUSSION

The present study illustrated that most of the
recruited Covid-19 patients either of mild-moderate or
severe form had underlying comorbidities like hyper-
tension and IHD, which are regarded as risk factors
for Covid-19 severity as reported by a recent study
[28]. The present findings revealed that SBP, DBP,
and MAP were higher in patients with severe Covid-
19 than mild-moderate Covid-19 patients that might
be due to SARS-CoV-2-induced cardio-metabolic
changes. Increasing Ang II level due to downregula-
tion of ACE2 and linked peripheral vasoconstriction
could be the proposed mechanism for developing
Covid-19-mediated hypertension [29]. In addition,
severe hypertension increases Covid-19 severity due
to delay of viral clearance and exacerbation of pulmo-
nary inflammation [30].

The present study also showed that the inflammatory
biomarkers and biomarkers of lung injury were higher
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«Fig. 2 Oxidative statue in Covid-19 regarding effect of allopurinol
treatment: (I): total oxidant status (TOS) was lower in mild-moderate
Covid-19 patients as compared with severely Covid-19 patients on
standard treatment alone (*P=0.0001 and *P=0.007) as compared
with severely affected Covid-19 patients on standard treatment plus
allopurinol. TOS was lower in severely affected Covid-19 patients
on standard treatment plus allopurinol than severely affected Covid-
19 patients on standard treatment alone (4P=0.04). (I): Total anti-
oxidant status (TAS) was higher in mild-moderate Covid-19 patients
as compared with severely Covid-19 patients on standard treatment
alone (¥*P=0.0001 and *P=0.007) as compared with severely affected
Covid-19 patients on standard treatment plus allopurinol. TAS was
higher in severely affected Covid-19 patients on standard treatment
plus allopurinol than severely affected Covid-19 patients on standard
treatment alone (¥P=0.005). (IIT): Oxidative stress index (OSI) was
lower in mild-moderate Covid-19 patients as compared with severely
Covid-19 patients on standard treatment alone (*P=0.0001), but
not significant as compared with severely affected Covid-19 patients
on standard treatment plus allopurinol (*P=0.08). OSI was lower in
severely affected Covid-19 patients on standard treatment plus allopu-
rinol than severely affected Covid-19 patients on standard treatment
alone (4P=0.04).

in patients with severe Covid-19 than mild-moderate
Covid-19 patients. Martinez-Mesa et al. observed that
inflammatory and lung injury biomarkers are linked
with ARDS development and Covid-19 severity [31].
In addition, oxidative stress was augmented in patients
with severe Covid-19 as measured by oxidative stress
index (OSI). Different studies revealed that OS is cor-
related with Covid-19 due to ROS generation and the
reduction of endogenous antioxidant capacity [32].
Besides, NLR was also increased in patients with severe
Covid-19 since NLR is linked with ARDS development
and Covid-19 severity [33].

The main context of the present study is the poten-
tial effects of allopurinol on the inflammatory biomark-
ers and oxidative stress in Covid-19 patients. Patients
with severe Covid-19 experienced lower inflammatory
biomarkers and OS levels when treated with allopuri-
nol. Furthermore, it has been reported that allopurinol
has critical anti-inflammatory effects [34]. This anti-
inflammatory effect is mediated through inhibition of
inflammatory signaling pathways such as nuclear factor
kappa B (NF-kB) and nod-like receptor pyrin 3(NLRP3)
inflammasome [34]. Both NF-kB and NLRP3 inflamma-
some are directly activated by SARS-CoV-2 and associ-
ated with the release of pro-inflammatory cytokines and
the development of ALI/ARDS [35]. Herein, allopurinol
in the present study reduced lung CT scan scores per-
centage, reflecting the severity of ALI/ARDS in patients

with severe Covid-19 compared to mild-moderate
Covid-19. However, allopurinol did not reduce lung CT
scan scores compared to patients with severe Covid-19
on standard treatment only.

Furthermore, Kuipers et al. reported that pre-treatment
with allopurinol reduces ventilator-induced-ALI by atten-
uating lung barrier dysfunction [36]. Therefore, Sa02%
was improved in allopurinol-treated patients compared
with severe Covid-19 on standard treatment alone due to
its pulmo-protective effect as reported previously [37].
Likewise, exaggerated XO and high uric serum are linked
with the development of ALI due to activation of NF-xB
and NLRP3 inflammasome with the high building of ROS
[38, 39].

Thus, the inflammatory biomarkers CRP and
procalcitonin declined in patients with severe Covid-
19 on standard treatment plus allopurinol compared
with standard treatment only. However, LDH and fer-
ritin were significantly reduced in patients with severe
Covid-19 on standard treatment plus allopurinol com-
pared with that on the standard treatment only, as
allopurinol does not affect LDH ferritin as reported by
various studies [40].

On the other hand, OS was reduced in patients
with severe Covid-19 on allopurinol treatment com-
pared with the standard treatment only as evaluated by
OSI. It has been reported that allopurinol reduces OS
through activation of nuclear factor erythroid 2-related
factor 2 (Nrf2), which maintains homeostasis of inner
redox and attenuates activated autophagy [41]. Fur-
thermore, Okafor and colleagues observed that the
antioxidant effect of allopurinol is through inhibition
of vascular ion channel and mitochondrial abnormali-
ties [42].

High OS in Covid-19 is associated with the
development of ED, as evident by the high serum
level of ET-1, a biomarker of endothelial function
[13]. Patients with severe Covid-19 with allopuri-
nol treatment experienced a lower level of ET-1 than
severe Covid-19 patients on the standard treatment
only. It has been shown that allopurinol reduces ET-1
by reducing uric acid serum level, a potent activator of
ET-1, as evident in the present study [43]. Furthermore,
both OS and ED are linked with the progression of
coagulopathy and thrombosis-mediated ALI/ARDS
[44]. Recently, Lucijanic et al. revealed that hyper-
uricemia predisposes for severe arterial and venous
thrombosis, and the use of allopurinol is associated
with a low risk of thrombosis [45]. In the present
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Table 3 Effects of Allopurinol add on the Standard Treatment of Severe Covid-19 Patients on the Anthropometric and Inflammatory Variable Com-
pared with Severe Covid-19 Patients on the Standard Treatment Alone and Mild to Moderate Covid-19 Patients at the Time of Discharge

The parameters A (n=39) B (n=20) Cn=18) I 11 I ANOVA
SBP (mmHg) 130.780+6.03 138.21+7.21 134.05+7.314 0.0004 Ns Ns 0.0005
DBP (mmHg) 78.22+7.31 87.51+6.12 85.28+5.43 0.00001 0.001 Ns 0.00001
PP (mmHg) 52.56+£6.72 50.70+6.88 48.77+7.31 Ns Ns Ns 0.15
MAP (mmHg) 95.74+4.31 104.40+6.29 101.54+5.91 0.00001 0.0007 Ns 0.00001
Sa02 (%) 97.93+1.30 91.95+2.52 95.92+2.11 0.00001 0.001 0.00001 0.00001
D-dimer (ng/mL) 210.12+9.42 321.30+11.05 281.17+10.81 Ns 0.04 0.00001 0.00001
LDH (U/L) 216.21+12.05 395.03+13.71 235.33+11.81 Ns 0.00001 Ns 0.00001
Ferritin (ng/mL) 233.38+12.93 331.73+13.94 255.61+9.03 Ns 0.00001 0.00001 0.00001
CRP (mg/L) 6.24+1.05 13.96+2.04 8.62+2.72 0.00001 0.0001 0.00001 0.00001
Procalcitonin (ng/mL) 0.17+0.031 0.19+0.01 0.18+0.01 0.007 Ns Ns 0.009
Uric acid (mg/dL) 6.73+£1.77 8.56+2.06 7.01+1.33 0.009 Ns 0.02 0.001
ET-1 (pg/mL) 21.09+4.33 33.12+4.12 24.11+4.99 0.00001 0.05 0.00001 0.00001
CT scan score (%) 0.194+0.05 2.01+0.09 1.08 +0.01 Ns Ns Ns Ns
WBC (10°/uL) 9.22+2.51 11.07+2.08 9.51+3.86 Ns Ns Ns Ns
Neutrophil (%) 61.09+7.94 72.94+£6.49 65.18 +6.64 0.00001 0.12 0.004 0.00001
Lymphocytes (%) 34.68 +4.92 22.97+5.03 30.85+5.97 0.00001 0.00001 0.03 0.00001
NLR 1.67+0.56 3.17+0.98 2.11+£0.44 0.00001 0.06 0.00001 0.00001
Clinical score (0-7) 1.11+0.63 3.05+0.83 2.03+0.39 0.00001 0.00001 0.00001 0.00001
Mortality rate (%) 0% 2(10%) 1(5.56%) et e, Ns .

Data presented as mean+SD. A: Patients with mild-moderate Covid-19. B: Patients with severe Covid-19 on the standard treatment only. C:
Patients with severe Covid-19 on the standard treatment plus allopurinol. I: A vs. B, II: A vs. C, III: B vs. C. Ns not significant, SBP systolic blood
pressure, DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial pressure, SaO2 oxygen saturation, LDH lactate dehydrogenase, CRP

C-reactive protein, ET-1 endothelin-1, NLR neutrophil-lymphocyte ratio

study, high serum uric acid was significantly cor-
related with D-dimer, a biomarker of coagulopathy.
Besides, high serum uric acid in patients with severe
Covid-19 was significantly correlated with TOS and
OSI and was negatively correlated with TAS. These
findings of the present study suggest that a high uric
serum level is implicated in the pathogenesis and pro-
gression of ED, OS, and coagulopathy.

Of note, hyperuricemia may induce ED through
activation of the transition of vascular endothelial
cells to mesenchymal one by induction of OS [46].
This effect is substantially blocked by the effect of
allopurinol, probenecid, and antioxidant agents [ 46].
Cai et al. observed that hyperuricemia-induced ED is
mediated through activation expression of high mobil-
ity group box protein-1 (HMGB-1) and receptor for
advanced glycation end-product (RAGE) [47]. Taken
together, activated HMGB-1 and RAGE are linked with

the development of ED and Covid-19 severity [48].
Furthermore, hyperuricemia may trigger a prothrom-
botic status due to the development of ED, OS, and
endothelial inflammation [49]. Otani et al. observed
that hyperuricemia is linked with ED through inhibition
of endothelial NO [50]. A previous study confirmed
that allopurinol improves ED by regulating endothelial
NO synthesis and release [49, 51]. Therefore, allopurinol
reduces uric acid or independently reduces the risk of
ED, OS, and coagulopathy, as revealed in the present
study.

Furthermore, following 3 weeks of treatment of
Covid-19 patients with either of standard treatment
alone or with allopurinol, the clinical score was mainly
improved in patients on allopurinol treatment. These
results suggest that allopurinol has a protective effect
against ALI/ARDS by attenuating SARS-CoV-2-in-
duced ALI as reported by different studies [21, 52].
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In addition, allopurinol and other XO inhibitors like
febuxostat have antiviral effects mainly against the her-
pes simplex virus, so it is effective for recurrent herpes
labialis [18]. The antiviral mechanism of allopurinol
might be through inhibition of neutrophils to release
of IL-2, with attenuation of polyclonal T- cell activa-
tion t hat involved in the propagation of cytokine storm
in viral infections [53]. Furthermore, different stud-
ies illustrated that allopurinol reduces viral infection-
induced exaggerated inflammatory reactions by inhib-
iting the release of IL-1f and IL-6 [54] linked with
Covid-19 severity.

Indeed, XO plays a potential role in various viral
infections since activating intracellular stress signaling by
viral virions induces pro-free radical enzymes, including
XO [55]. Excessive activation of XO during viral infections,
including SARS-CoV-2, is connected with the generation
of free radicals and induction of oxidative stress [56]. As
well, XO, through the generation of free radicals, may cause
damage and necrosis of T lymphocyte leading to lympho-
penia, a hallmark of Covid-19 severity [57, 58]. Besides,
over-activated XO triggers the release of pr o-inflammatory
cytokines with the development of cytokine storms causing
multi-organ failure [38]. The experimental study of Jacob et
al. illustrated that activation of XO contributes to sustained
respiratory epithelial injury through oxidative-dependent
pathway [38]. These findings suggest that XO stimulation
during SARS-CoV-2 infection leads to respiratory injury
through direct production of ROS or indirectly by induction
release of pro-inflammatory cytokines [59, 60]. Undeniably,
exaggerated XO activity in respiratory syncytial virus infec-
tion is associated with increased uric acid in the bronchoal-
veolar lavages on days 2—8 post-infection [61]. Likewise, a
high uric acid serum level is linked with Covid-19 severity
and mortality and is regarded as a prognostic risk factor for
ARDS development [62].

In addition, XO induces neutrophil recruitment
by releasing chemokines and cytokines, causing more
inflammation and oxidative reaction due to the production
of superoxide anions from activated neutrophils in Covid-
19 patients [63]. This finding might explain a higher NLR
in patients with severe Covid-19, as revealed in the pre-
sent study. Unfortunately, XO activity was not measured
in the present study.

Both uric acid and superoxide anions, products of
XO, activate macrophages, endothelial cells, and epithe-
lial cells to form and release pro-inflammatory cytokines
[64]. As well, neutrophil migrations and recruitments

around infected alveolar epithelial cells may trigger for-
mation and accumulations of neutrophils extracellular
trap (NETs) and, together with platelets, may induce
thrombus formation [65]. In addition, micro-pulmonary
thrombosis may provoke the development of hypoxic
injury and the development of ALI/ARDS in patients
with severe Covid-19 [66]. Therefore, XO inhibitor
allopurinol may reduce the recruitment of neutrophils
and inhibit the formation of NETSs and the release of pro-
inflammatory cytokines.

Moreover, circulating XO can bind endothelial
cells catalyzing the formation of superoxide anion and
uric acid, which trigger the release of pro-inflammatory
cytokines and subsequent apoptosis of endothelial cells
[67]. These changes lead to disrupting function and per-
meability of endothelial cell barriers with the develop-
ment of ED. Therefore, inhibition of XO by allopurinol
attenuates ED in diabetic patients [22]. Thus, allopurinol
may inhibit the development of SAR-CoV-2-induced ED
in Covid-19 patients through mitigation of inflammation
and oxidative stress-induced ED [68].

Regarding the development of hypoxia in Covid-
19, at first, pulmonary vasoconstriction is developed due
to high circulating Ang II, leading to high pressure in the
pulmonary vessels and leakage of fluids into the alveoli
causing pulmonary edema and atelectasis with the devel-
opment of ARDS [69]. As a result, left to right shunting
(LRS) will develop, causing an incomplete gas exchange
and persistence hypoxia not responding to the oxygen
supplement [70]. However, NET formation and lung
inflammation may cause pulmonary vasodilatation due
to loss of response to the hypoxia. Pulmonary vasodila-
tation increases LRS with the development of silent
hypoxia [71]. Daly et al. illustrated that SAR-CoV-2
binds neuropilin-1, which activates vascular endothelial
growth factor (VEGF) receptors leading to pulmonary
vasodilatations with an intensification of LRS [71].
Therefore, XO-induced NETSs formation with free radical
production contributes to hypoxic pulmonary endothelial
injury progression and loss of hypoxic response. Allopu-
rinol inhibits NETs formation by reducing citrullinated
histone [72], so allopurinol inhibits NETs-induced ALI
and pulmonary ED.

Taken together, these findings indicate that
allopurinol has potential effects in the reduction of
hypoxia, as confirmed in the present study. Thus, the
present study illustrated that allopurinol had pleiotropic
effects, which reduced Covid-19 severity. Furthermore,
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«Fig. 3 Oxidative statue in Covid-19 regarding the effect of allopuri-
nol treatment at time of discharge: (I): total oxidant status (TOS) was
lower in mild-moderate Covid-19 patients as compared with severely
Covid-19 patients on standard treatment alone (*P=0.0001 and
#P=0.0008) as compared with severely affected Covid-19 patients
on standard treatment plus allopurinol. TOS was lower in severely
affected Covid-19 patients on standard treatment plus allopurinol
than severely affected Covid-19 patients on standard treatment alone
(¥P=0.0001). (I): Total antioxidant status (TAS) was higher in
mild-moderate Covid-19 patients as compared with severely Covid-
19 patients on standard treatment alone (*P=0.002), and not signifi-
cant (*P=0.87) as compared with severely affected Covid-19 patients
on standard treatment plus allopurinol. TAS was higher in severely
affected Covid-19 patients on standard treatment plus allopurinol than
severely affected Covid-19 patients on standard treatment alone but
was not significant (4P =0.09). (III): Oxidative stress index (OSI) was
lower but insignificant in mild-moderate Covid-19 patients as com-
pared with severely Covid-19 patients on standard treatment alone
(*P=0.07), but not significant as compared with severely affected
Covid-19 patients on standard treatment plus allopurinol (*P=0.08).
OSI was lower in severely affected Covid-19 patients on standard
treatment plus allopurinol than severely affected Covid-19 patients on
standard treatment alone, but was insignificant 4P=0.09).

the present findings confirmed that allopurinol treat-
ment mitigated ED, inflammatory, and OS disorders in
patients with severe Covid-19. The primary outcomes of
the present study revealed that allopurinol had a signifi-
cant effect on the improvement of the clinical score with-
out a significant effect on the mortality rate compared to
patients with severe Covid-19 on the standard treatment
alone, though the secondary outcomes (OS, inflamma-
tory disorders, radiological and clinical recoveries) were
significantly ameliorated at the time of discharge.

Of interest, the present study had limitations,
including small sample size, XO activity was not evalu-
ated, and pro-inflammatory cytokines like IL-6 and
TNF-a were not estimated. However, despite these limita-
tions, this study, to our knowledge, is regarded as a novel
study that describes the potential role of allopurinol in
treating Covid-19. Therefore, in view of these results,
clinical trial and large sample size prospective are recom-
mended in this regard.

Table 4 Correlation of Uric Acid with Inflammatory and Oxidative Stress Biomarkers in Covid-19 Patients

At time of admission (n = 80)

At time of discharge(n =77)

Variables
r P 95% CI r P 95% CI

SBP (mmHg) 0.19 0.09 —0.031-0.393 0.16 0.16 —0.06-0.371
DBP(mmHg) 0.20 0.07 —0.021-0.402 0.20 0.08 —0.025-0.406
PP(mmHg) 0.21 0.06 -0.162-0.276 0.19 0.09 —0.035-0.397
MAP(mmHg) 0.23 0.04 —0.01-0.411 0.12 0.29 —0.107-0.335
Sa02 (%) -0.22 0.04 —0.419-0.00 -0.27 0.01 —0.466-0.994
D-dimer (ng/mL) 0.51 0.001 0.327-0.656 0.33 0.003 0.114-0.516
LDH (U/L) 0.48 0.001 0.291-633 0.29 0.01 0.071-0.483
Ferritin(ng/mL) 0.51 0.001 0.327-656 0.35 0.001 0.137-0.532
CRP (mg/L) 0.61 0.001 0.451-0.732 0.33 0.003 0.114-0.516
Procalcitonin (ng/mL) 0.49 0.001 0.303-0.641 0.28 0.01 0.06-0.474
ET-1(pg/mL) 0.72 0.00001 0.594-0.811 0.36 0.001 0.148-0.540
CT scan score (%) 0.53 0.001 0.351-0.672 0.13 0.25 —0.097-0.344
WBC (103/;,|L) 0.39 0.001 0.186-0.562 0.21 0.06 -0.015-0.414
Neutrophil (%) 0.61 0.0001 0.451-0.732 0.30 0.008 0.081-0.491
Lymphocytes (%) —0.64 0.001 —0.754-489 -0.53 0.0001 —0.694-0.347
NLR (%) 0.58 0.001 0.413-0.709 0.21 0.06 —0.015-0.414
TAS(umol/L) —0.75 0.0001 —0.833-635 —-0.31 0.006 —0.499-0.92
TOS(umol/L) 0.56 0.001 0.388-694 0.29 0.01 0.071-0.483
OSI 0.84 0.00001 0.761-0.895 0.36 0.001 0.148-0.540
Clinical score (0-7) ... -0.33 0.003 0.114-0.516
Mortality rate (%) ... 0.20 0.08 —0.025-0.406

SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial pressure, SaO2 oxygen saturation, LDH lactate
dehydrogenase, CRP C-reactive protein, ET-1 endothelin-1, NLR neutrophil-lymphocyte ratio, OSI oxidative stress index
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Table 5 Correlation of Oxidative Stress Index with Inflammatory and Oxidative Stress Biomarkers in Covid-19 Patients

At time of admission (n=_80)

At time of discharge (n=77)

Variables
r P 95% CI r P 95% CI

SBP (mmHg) 0.18 0.11 —0.041-0.385 0.16 0.16 —0.066-0.371
DBP (mmHg) 0.21 0.06 -0.01-0.411 0.20 0.08 —0.025-0.406
PP (mmHg) 0.20 0.07 —0.021-0.402 0.14 0.22 —0.004-0.423
MAP (mmHg) 0.22 0.04 0.00-0.419 0.17 0.13 —0.056-0.380
Sa02 (%) -0.23 0.04 —0.428-0.011 -0.29 0.01 0.483-0.071
D-dimer (ng/mL) 0.37 0.007 0.164-545 0.30 0.008 0.081-0.491
LDH (U/L) 0.29 0.009 0.075-0.497 0.19 0.09 —0.035-0.397
Ferritin (ng/mL) 0.44 0.00004 0.244-0.602 0.15 0.19 —0.077-0.362
CRP (mg/L) 0.42 0.0001 0.221-0.586 0.30 0.008 0.081-0.491
Procalcitonin (ng/mL) 0.49 0.0001 0.303-0.641 0.21 0.06 -0.015-0.414
ET-1 (pg/mL) 0.70 0.0001 0.568-0.797 0.30 0.008 0.081-0.491
CT scan score (%) 0.33 0.002 0.119-0.513 0.19 0.09 —0.035-0.397
WBC (103/uL) 0.30 0.006 0.086-0.488 0.20 0.08 —0.025-0.406
Neutrophil (%) 0.60 0.0001 0.438-0.724 0.31 0.006 0.092-0.499
Lymphocytes (%) -0.34 0.002 0.521-0.613 -0.43 0.0001 -0.597-0.228
NLR (%) 0.48 0.0001 0.291-0.633 0.25 0.02 0.028-0.499
TAS (umol/L) -0.45 0.0001 —0.609-0.256 -0.29 0.01 —0.483-0.710
TOS (umol/L) 0.58 0.0001 0.413-0.709 0.25 0.02 0.028-0.499
Uric acid (mg/dL) 0.84 0.0001 0.761-0.895 0.36 0.001 0.148-0.540
Clinical score (0-7) ... ... —-0.30 0.008 0.081-0.491
Mortality rate (%) ... . 0.19 0.09 —0.035-0.397

SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, MAP mean arterial pressure, SaO2 oxygen saturation, LDH lactate
dehydrogenase, CRP C-reactive protein, ET-1 endothelin-1, NLR neutrophil-lymphocyte ratio

CONCLUSION

Covid-19 severity is linked with high OS and
inflammatory reaction with ED development. Further-
more, high uric acid in patients with severe Covid-19 is
correlated with high OS and inflammatory biomarkers.
Allopurinol with standard treatment in patients with
severe Covid-19 reduced oxidative and inflammatory
disorders with significant amelioration of ED and clini-
cal outcomes. In the sight of these results, clinical trial
and large sample size perspective are suggested in this
regard to observe the clinical efficacy of allopurinol in
treating Covid-19 patients.
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