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ABSTRACT

Introduction and aim. Coronavirus disease 2019 is characterised by cytokine storm and it was managed with repurposed
drugs, however the effect of this treatment on cytokine storm is unknown. The aim of the study was to investigate the effect
of repurposed management on serum Th1 pro-inflammation cytokine (IFN-y) and Th2 anti-inflammation cytokine (IL-4) in
COVID-19 patients.

Material and methods. The levels of IFN-y and IL-4 were determined in sera from 45 COVID-19 patients at admission fol-
lowed-up till discharge after repurposed treatment using ELISA. The mean levels and proportions above normal reference
ranges of IFN-y and IL-4 were compared in COVID-19 at admission and discharge.

Results. The mean values of IFN-y and IL-4 were significantly higher in COVID-19 patients at admission compared with dis-
charged COVID-19 patients whereas IFN-y:IL-4 ratio was significantly higher in discharged COVID-19 patients compared with
admitted COVID-19 patients. Significantly higher proportion of COVID-19 patients at discharge had IFN-y within the normal
reference ranges compared with COVID-19 patients at admission whereas the proportions of COVID-19 patients at discharge
and COVID-19 patients at admission having IL-4 within the normal reference ranges were the same.

Conclusion. Cytokine storm was evidenced in COVID-19 patients at admission and repurposed treatment suppressed pro-in-
flammation cytokine (IFN-y) in most discharged COVID-19 patients.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic,
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has been a global disaster since
December 2019.' As at July 08, 2023, there was 266,675
COVID-19 cases, 3155 death by COVID-19 and 259,953
patients recovered.” The mortality rates caused by
COVID-19 in different regions of the world varied with
demographic variables, presence or absence of comor-

bidities, immune status, exposure to malaria parasites or
use of anti-malaria drugs, blood group and lifestyle.»*”
COVID-19 severity have been associated with hyperin-
flammation caused by elevated levels of proinflamma-
tory cytokines such as interleukin (IL)-6, nitric oxide
(NO), C-reactive protein (CRP), deranged blood cell
counts and lymphopenia.®!!

SARS-CoV-2 exhibits clinical characteristics rang-
ing from asymptomatic to severe acute respiratory dis-
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tress syndrome, septic shock, and/or multiple organ
dysfunctions, leading to death.'>" Specific treatment
for COVID-19 is not known but many therapeutic
strategies involved the use of anti-inflammatory-, an-
tiprotozoan-, antioxidant- agents, antibiotics, mod-
erate exercises and protein rich diets.”*"'® This study
predicted that repurposed treatment adopted in our
IDC would reduce the cytokine storm and improve the
clinical indices of patients with COVID-19. However,
because of limited resources and unavailability of data
from hospitalised patients at admission and discharge
in Nigeria, it was difficult to ascertain the effectivenss
of prescribed repurposed treatment (a process of iden-
tifying new therapeutic use(s) for old/existing/avail-
able drugs) in our setting. Also, because of our concern
about the disproportionate immunopathologic burden
of COVID-19, we aimed to elucidate the Th1-Th2 cy-
tokine parameters in admitted and discharged patients
with COVID-19, which can help distinguish immune
signature or explain immune regulation leading to de-
termining better COVID-19 treatment. In addition, a
study to ascertain proportions of COVID-19 patients
in Nigeria having cytokine levels above normal ranges
is yet to be performed. In line with that, this study an-
alysed proportion of individuals with COVID-19 hav-
ing cytokine levels above normal ranges.

Immunological biomarkers have been suggest-
ed as primary drivers of morbidity and mortality with
COVID-19. Several cytokines have been correlated with
COVID-19 severity. Most notably, elevated IL-4 and
IL-6 while reduced IFN-y were detected in hospitalized
patients, especially critically ill patients."” Increased IL-
2R, IL-8, IL-10, and GM-CSF have been associated with
disease severity but studies are limited."® Conflicting re-
sults regarding IL-1p and IL-4 were reported.'’ Elevated
cytokine concentrations of IL-6, IL-10, IL-18 and IFN-y
have been widely described in COVID-19 patients but
these did not seem to have prognostic values.'” IL-4 was
associated with impaired lung lesions, but some reports
point to a potential mediator effect.!” "

Cytokines that enhances inflammatory respons-
es(pro-inflammatory cytokines) include tumor growth
factor-beta (TGF-p), gamma interferon (IFN- y), IL-1,
IL-8, IL-6, TNF-a, while some other cytokines function
to reduce the inflammation (anti-inflammatory cyto-
kines) like IL-4 and IL-10.” Therefore, it becomes im-
portant to analyse the cytokine load (IFN-y and IL-4)
in the sera of patients with COVID-19 in comparison
to reference normal ranges and treatment success or ef-
fectiveness.

Aim

In this longitudinal study, the serum levels of IFN-y and
IL-4 were measured through ELISA in sera from pa-
tients with COVID-19 at admission and discharge com-

pared with normal reference ranges in order to decipher
the cellular mechanism behind the treatment of corona-
virus. To our knowledge, this is the first report regarding
the effectiveness of repurposed treatment using cyto-
kine release in COVID-19 patients.

Material and methods

Ethical approval was granted by the Institutional Ethi-
cal Committee with approval number UI/EC/20/0283.
The participants comprised of 45 laboratory confirmed
COVID-19 patients at admission followed up till dis-
charge. The study was conducted between 6™ May, 2020
and 19" July, 2020. None of the patients was in severe or
critical condition and were able to give consent.The du-
ration between admission and discharge of COVID-19
patients was 3-10 days. The participants did not have
hypertension, diabetes mellitus, cardiovascular disease,
cerebrovascular disease, cancer, chronic renal disease
or inflammatory conditions. Serum was removed from
clotted whole blood collected in a test tube without an-
ticoagulant by centrifuging at 1500xg for 10 minutes.
Interferon-gamma and IL-4 levels in the serum were
determined using ELISA as previously described using
manufacturer’s instruction.!" The values of IFN-y and
IL-4 obtained were compared with the reference val-
ue of 0.1-2.8 pg/L for serum IL-4 and reference value of
0.16-7.42 pg/L for serum IFN-y to determine the pro-
portion of patients having IFN-y or IL-4 values above
reference ranges.”” Data from this comparison were rep-
resented as frequencies and percentages. Chi-square
test was used to determine the differences between the
frequencies while the differences in the mean of vari-
ables of COVID-19 patients at admission and discharge
were compared using Student t-test. p<0.05 was con-
sidered as statistically significant. A treatment proto-
col designed by the Case Management Team of the Oyo
State COVID-19 Task Force was adopted.”” The proto-
col included treating with a cocktail of chloroquine or
hydroxychloroquine, zinc, vitamins C and D and or an-
tibiotic(s) as indicated. Physiotherapy and nutritional
support for these patients were also considered as pri-
ority.

Results

Vitamin C, vitamin D and Zn were given to COVID-19
patients from day of admission for 3 weeks while azith-
romycin and chloroquine or hydroxylchloroquine were
given for 3 days (Table 1). The mean values of IFN-y
and IL-4 were significantly higher in COVID-19 pa-
tients at admission compared with COVID-19 patients
at discharge whereas the mean value of IFN-y:IL-4 ratio
was significantly higher in COVID-19 patients at dis-
charge compared with COVID-19 patients at admission
(Table 2). Significantly higher proportion of COVID-19
patients at discharge had IFN-y within the normal ref-
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erence ranges compared with COVID-19 patients at ad-
mission whereas the proportions of COVID-19 patients
at discharge and COVID-19 patients at admission hav-
ing IL-4 within the normal reference ranges were the
same (Table 3).

Table 1. Medication used among COVID-19 patients at IDC,
Ibadan, Nigeria

COVID-19 Patients
1,000 iu twice daily for 3 weeks

Medications
Vitamin D (1,000 IU)
Vitamin € (1,000 mg)

In (20 mg)

Azithromycin

1,000 mq twice daily for 3 weeks

100 mgq daily for 3 weeks
500 mg daily for 3 days
400 mg on day 1and 200 mq daily for 3
more days
Chloroquine (as an alternative to 500 mg on day 1and 250 mg daily for 3
hydroxychloroquine) more days

Hydroxychloroquine

Table 2. Mean (+SD) values of IFN-y and IL-4 in COVID-19
patients at admission compared with COVID-19 patients at
discharge

COVID-19 patients at COVID-19 patients at

Variable admission (n=45) discharge (n=45) p

IFN-y (pg/L) 0.162+0.96 0.149+0.099 <0.05
IL-4 (pg/L) 0.3+0.1 0.1£0.1 <0.05
IFN-y/IL-4 ratio 0.51+0.03 1.23+£0.98 <0.05

Table 3. Frequency (percentage) of COVID-19 patients at
admission compared with COVID-19 patients at discharge
having of IFN-y and IL-4 within and outside reference
ranges*

Variable Category COVID-19 patients at COVID-19 patients p

admission (n, %) at discharge

(n, %)
IFN-y Within RR 31(70.45) 33(75) <0.05
Outside RR 13(29.55) 11(25)
IL-4 Within RR 43 (100) 43 (100) >0.999
Outside RR 0(0) 0(0)

* RR - reference range

Discussion

COVID-19 patients develop clinical signs ranging
from mild to life-threating symptoms as a result of
SARS-CoV-2 invasion of epithelial cells of the mucosal
surfaces through attachment to angiotensin-convert-
ing enzyme 2 (ACE2) receptor.'® In the cytosol of lung
cell, double stranded RNA replication stimulates hy-
perinflammation and the presence of ACE 2 receptors
on several organs in humans apart from lungs, caus-
es multi-organ damages by SARS-CoV-2."> However,
the present study proposed that excessive stimulation
of cytokine production might be responsible for organ
damage in COVID-19 patients, which was curtailed by
repurposed drugs. Understanding the precise drivers
of immune dysfunction is crucial to guide the appli-

cation of appropriate immunomodulatory treatments
since management strategies of COVID-19 are not
specific. Previous management strategy of COVID-19
patients involved the use of immunosuppressive ther-
apies, anti-inflammatory and immunomodulato-
ry agents.”*'® Due to variations in the management
strategies of COVID-19, the mechanism of individu-
al repurposed treatment might vary. The present study
suggests that reduction of cytokine storm might be one
of the actions mitigated by repurposed management
strategies applied in our IDC.

There have been several studies comparing cyto-
kine levels in COVID-19 patients and control but a lon-
gitudinal study (comparing admitted versus discharged
patients) or comparing data with normal reference
ranges will give better clinical relevant information.'”*
Moreover, inconsistent results were obtained for cyto-
kine levels in COVID-19 cases versus unifected control
studies. No study till date, have reported prevalence of
COVID-19 patients having biological markers within
and outside normal reference ranges at admission or
during treatment. IFN-y is an antimicrobial protein up-
regulated in the COVID-19 patients.'”'® Our result of
raised mean IFN-y level in newly admitted COVID-19
patients is supported in a study by Zhou et al., which
reported a significantly increased peripheral blood
monocytic cells frequency of polyclonal GM-CSF+CD4
T cells capable of prodigious ex-vivo IFN-y production
only in critically ill COVID-19 patients.*! IFN-y-medi-
ated Th1 plays a critical role in antigen-specific defense
mechanisms at the epithelial surface associated with
multiple inflammatory airway diseases.'” Other reports
stated that IFN-y acts as a regulator of efficient antigen
presentation, and lowering the IFN-y level or deviation
in the IFN-y-IFN-yR system severely impedes host im-
mune responses to infections.”> A study also showed
that IFN-y level was associated with respiratory dis-
tress and mortality in patients with COVID-19.” Other
studies showed that IFN-y induces PANoptosis and a
deadly cytokine storm, causing acute lung damage and
mortality among patients.* It is likely that the natural
defence phenomenon of the host was to stimulate con-
current rise in IL-4 level to conteract this negative effect
of raised IFN-y level during SARS-CoV-2 infection.

Limited data existed for IL-4 level in COVID-19
patients, though IL-4 was found to be associated with
impaired lung lesions and its potential mediator effect
was emphasised in COVID-19 patients.”® A data report-
ed that IL-4 level was significantly increased, whereas
the level of IFN-y was significantly reduced in patients
with severe COVID-19 compared with those in patients
with mild and/or moderate COVID-19." Increase in
IL-4 level, but no reduction in the IFN-y level has also
been reported by other study.?® High levels of IFN-y and
IL-4 observed in newly admitted COVID-19 patients
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compared with discharged COVID-19 implied cyto-
kine storm in COVID-19 patients and this was report-
ed contributing to tissue damage in the respiratory tract
and in other organs.”'>'®" Also, reduced IFN-y and IL-4
in discharged COVID-19 compared with COVID-19 at
admission could also be linked with the fact that adap-
tive immunity (both humoral- and cellular mediated re-
sponses but more especially cellular mediated response)
is needed for recovery of COVID-19 patients. In addi-
tion, our data suggest that the systemic inflammation in
COVID-19 patients at admission was due to ongoing in-
fection and viral replication as confirmed by absence of
SARS-CoV-2 by PCR analysis in all discharged patients
after repurposed therapy. The implication of our find-
ing is that repurposed treatment suppressed systemic in-
flammation.

The cytokine environment determines the sub-
sets of predominant T helper cells by influencing their
differentiation. IFN-y is critical for determining Th1
development, whereas IL-4 is necessary for the devel-
opment of Th2 proliferation, thus Th1-Th2 balance de-
termines the disease outcomes through regulation of
cellular immune responses and inflammation.” It has
also been reported that higher IFN-y:IL-4 ratio (high-
er Th1/Th2) mediate diminished serum antibodies
and increased production of cell-mediated immuni-
ty.”” Among intriguing finding of our study is that dis-
charged COVID-19 patients have a higher IFN-y:IL-4
ratio than in newly admitted COVID-19 patients. This
implied an enhanced cell-mediated immunity in dis-
charged COVID-19 patients. This supported previous
findings of increased lymphocyte numbers in recov-
ered patients but decreased number in non-surviving
patients.'®*° Our present finding of higher IFN-y:IL-4
ratio in discharged COVID-19 patients compared with
newly admitted COVID-19 patients also supported the
established fact that cell-mediated immunity is need-
ed for the control of viral infection and that lethal out-
comes in virus infection correlated with elevated Th2
cell serum cytokines including IL-4.2225%

Vitamin intake lowers oxidative stress markers, alle-
viates cytokine storm, reduces disease severity, lowers-
proinflammatory cytokine, -hyperinflammation and
-organ failure.?” Vitamin C as a basic exogenous vita-
min is known for its strong antioxidant and anti-inflam-
matory properties because it scavengers free radical,
activates and stimulates biosynthesis of antioxidants.
Other involvement of vitamin C against inflammation
encompasses modulation of nuclear transcription fac-
tor kappa B (NF-kB) and lowering of pro-inflammato-
ry cytokines production.*® An observation corroborated
the anti-inflammatory and immune supporting proper-
ties of vitamin D which usually result in dampening of
hyperinflammation.* Zinc supplementation decreases
-oxidative stress biomarkers, -inflammatory cytokines,

-generation of IL-1p and its mRNA but upregulates A20
(a zinc transcription factor).” Taken together, these pre-
vious reports thus explain our present observation of
suppressed pro-inflammation cytokine (IFN-y) in most
discharged COVID-19 patients after treatment with re-
purposed drugs containing antioxidant micronutrients
(vitamin D, vitamin C and Zn).

Conclusion

Taken together, higher IL-4 and IFN-y levels in ad-
mitted COVID-19 patients compared with discharged
COVID-19 patients observed in our study might in-
dicate reduced cytokine storm in discharged patients.
However, to prove it broadly, larger panel of cytokine in
a larger population of COVID-19 patients is needed to
be examined.

Declarations
Funding
The project was self-funded.

Author contributions

Conceptualization, G.0.A., A.A.O., K.A. and M.B.O;;
Methodology, G.O.A., A.A.O., K.A. and M.B.O.; For-
mal Analysis, G.O.A., A.A.O., K.A. and M.B.O; Data
Curation, G.O.A. and A.A.O.; Writing - Original Draft
Preparation, G.0.A., A.A.O., K.A. and M.B.O.; Writing
- Review & Editing, G.O.A., A.A.O., K.A. and M.B.O;
Project Administration, G.O.A. and A.A.O.

Conflict of interests
The authors declare no competing interests.

Data availability

For ethical reasons, the datasets generated during and/
or analysed during the study are confidential. However,
they would be available by the corresponding author on
genuine request.

Ethics approval
Ethical approval was granted by the Institutional Ethi-
cal Committee with approval number UI/EC/20/0283.

References

1. Arinola OG, Fashina OA, Ishola OC, et al. Demographic
attributes of COVID-19 patients in an infectious disease
center of Nigeria. African Journal of Clinical and Experi-
mental Microbiology. 2021;22(1):21-27. doi: 10.4314/aj-
cem.v22il.4

2. Worldometers. https://www.worldometers.info/coronavi-
rus/country/nigeria/. Accessed March 23, 2023.

3. Arinola GO, Edem FV, Fashina OA, Olaniyan OA, Alonge
TO. Cellular and Humoral Factors of Oxidative Burst in
COVID-19 Patients with Malaria Parasiteamia. Annals of
Epidemiology & Public Health. 2021;4(1):1060-1065.



754

European Journal of Clinical and Experimental Medicine 2023; 21 (4): 750—755

10.

11.

12.

13.

14.

15.

16.

Arinola OG, Onifade AA, Edem VF and Yaqub SA. Detec-
tion of anti SARS-COV 2 specific -IgG and -IgM antibo-
dies in COVID-19 patients using rapid screening immu-
nochromatographic cassettes. Annals of Epidemiology and
Public Health. 2021;4(1): 1059-1062.

Arinola OG, Edem VE Rahamon SK, Yaqub SA, Fashina
AO, Alonge TO. SARS-CoV-2 Infection Screening Using
Two Serological Testing Methods. Nigerian J Physiol Sci.
2020;35:117-121.

Arinola GO, Edem VF, Alonge TO. Respiratory Burst
Functions in COVID-19 Nigerian Patients. J Basic Appl
Res Biomed. 2021;7(1):24-28. doi: 10.51152/jbarbiomed
Arinola OG. Immune Responses During Human Corona-
virus Infection:Suggestions For Future Studies: Nigerian |
Physiol Sci. 2020;35:20-25.

Arinola OG. Serum Levels of Anti-Corona Virus Spe-
cific-IgG and -IgM Antibodies in COVID-19 Patients
At Admission and At Discharge. Eur | Clin Exp Med.
2021;19(1):5-9. doi: 10.15584/ejcem.2021.1.1

Akinwumi JA, Fabian VE Arinola OG. Cellular inflamma-
tory indices in hospitalised Nigerian COVID-19 patients.
Journal Health Science Research. 2021;6(2):19-26. doi:
10.7324/jhsr.2021.623

Arinola OG, Rahamon SK, Edem VE, Yaqub SA, Fashina
OA, Alonge TO. Elevated plasma level of circulating im-
mune complexes in Nigerian adults infected with Severe
Acute Respiratory Syndrome Corona Virus-2. Arch Bas
App Med. 2021;9:69-72.

Arinola OG, Edem FV, Alonge TO. Levels of Plasma C-
-reactive protein, Albumin and Pre-Albumin in Nigerian
COVID-19 Patients. Ann Med Res. 2022;29(1):46-51. doi:
10.5455/annalsmedres.2020.08.839

Arinola OG, Onifade AA, Edem VF, Rahamon SK, Alon-
ge OT. Immunometabolic Profile of Nigerian COVID-19
Patients. ] Health Sci Med Res. 2023;41(5):€2023945. doi:
10.31584/jhsmr.2023945

Alonge O, Fowotade A, Bamidele F, et al. Clinical Out-
come Of Corona Virus Disease-19 Patients In An Infec-
tious Disease Center, Olodo, Ibadan, Oyo State, Nigeria.
Clinical Medicine Insights. 2022;32;287-296. doi: 10.52845/
CMI/2022-3-2-2

Olagunju A, Fowotade A, Olagunoye A, et al. Efficacy and
safety of nitazoxanide plus atazanavir/ritonavir for the tre-
atment of moderate to severe COVID-19 (NACOVID): A
structured summary of a study protocol for a randomi-
sed controlled trial. Trials. 2021;4;22(1):3. doi: 10.1186/
513063-020-04987-8

Fowotade A, Bamidele F, Egbetola B, et al. A randomi-
zed, open-label trial of combined nitazoxanide and ata-
zanavir/ritonavir for mild to moderate COVID-19. Front
Med.2022;9:956123. doi: 10.3389/fmed.2022.956123
Onifade AA, Arinola OG. Albendazole reduces serum levels
of inflammatory cytokines: Potential strategy for the mana-
gement of cytokine storm. Saudi Journal of Biomedical Rese-
arch. 2020;5(11):320-324. doi: 10.36348/sjbr.2020.v05i11.006

17.

18.

19.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Islam MM, Islam S, Ahmed R, Majumder M, et al. Redu-
ced IFN-y levels along with changes in hematologic and
immunologic parameters are key to COVID-19 severity in
Bangladeshi patients. Exp Hematol. 2023;118:53-64.e1.doi:
10.1016/j.exphem.2022.11.006

Yang L, Liu S, Liu ], et al. COVID-19: immunopathoge-
nesis and Immunotherapeutics. Sig Transduct Target Ther.
2020;5:128. doi: 10.1038/s41392-020-00243-2

Chang Y, Bai M, You Q. Associations between Serum In-
terleukins (IL-1p, IL-2, IL-4, IL-6, IL-8, and IL-10) and
Disease Severity of COVID-19: A Systematic Review and
Meta-Analysis. Biomed Res Int. 2022;2022:2755246. doi:
10.1155/2022/2755246

. Luo W, Zhang JW, Zhang W, Lin YL, Wang Q. Circula-

ting levels of IL-2, IL-4, TNF-a, IFN-y, and C-reactive
protein are not associated with severity of COVID-19
symptoms. ] Med Virol. 2021;93(1):89-91. doi: 10.1002/
jmv.26156

Zhou F, Yu T, Du R, et al. Clinical course and risk fac-
tors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lan-
2020;395(10229):1054-1062. doi:10.1016/S0140-
6736(20)30566-3

Kak G, Raza M, Tiwari BK. Interferon-gamma (IFN-y):
exploring its implications in infectious diseases. Biomol
Concepts. 2018;9:64-79. doi: 10.1515/bmc-2018-0007
Costela-Ruiz VJ, R Illescas-Montes, JM Puerta-Puer-
ta, C Ruiz, L. Melguizo-Rodriguez. SARS-CoV-2 infec-
tion: the role of cytokines in COVID-19 disease. Cyto-
kine Growth Factor Rev. 2020;54:62-75. doi: 10.1016/j.
cytogfr.2020.06.001

Karki R, Sharma BR, Tuladhar S, et al. Synergism of TNF-a
and IFN-y triggers inflammatory cell death, tissue dama-
ge, and mortality in SARS-CoV-2 infection and cytokine
shock syndromes. Cell. 2021;184:149-168. doi: 10.1016/j.
cell.2020.11.025

Fu L, Wang B, Yuan T, et al. Clinical characteristics of co-
ronavirus disease 2019 (COVID-19) in China: A systema-
tic review and meta-analysis. J Infect. 2020;80(6):656-665.
doi: 10.1016/.jinf.2020.03.041

Tang Y, Liu ], Zhang D, Z Xu, Ji ], Wen C. Cytokine storm
in COVID-19: the current evidence and treatment stra-
tegies. Front Immunol. 2020;11:1708. doi: 10.3389/fim-
mu.2020.01708

Romagnani S. The Th1/Th2 paradigm. Immunol Today.
1997;18:263-266.

Alfadda AA, Siddiqui K, Rafiullah M, et al. Early Cytokine
Signatures of Hospitalized Mild and Severe COVID-19 Pa-
tients: A Prospective Observational Study. J Inflamm Res.
2023;16:2631-2643. doi: 10.2147/]JIR.S408663

Pisoschi AM, Pop A, Iordache F, Stanca L, Geicu O], Bil-

teanu L, Serban AI. Antioxidant, anti-inflammatory and

cet.

immunomodulatory roles of vitamins in COVID-19 the-
rapy. Eur ] Med Chem. 2022;232:114175. doi: 10.1016/j.
ejmech.2022.114175



Serum levels of IFN-y and IL-4 in hospitalised COVID-19 patients — evidence of reduced cytokine storm in discharged patients 755

30. Gegotek A, Skrzydlewska E. Antioxidative and Anti-In-

31.

flammatory Activity of Ascorbic Acid. Antioxidants (Ba-
sel). 2022;11(10):1993. doi: 10.3390/antiox11101993
Rahamon SK, Arinola OG, Charles-Davies MA, et al. Se-
rum levels of vitamin D and tumour necrosis factor-alpha
in adults with metabolic syndrome. Eur ] Clin Exp Med.
2021;19(4):306-312. doi: 10.15584/ejcem.2021.4.3

32. Arinola OG, Edem VE. Levels of interleukin (IL)-8 and
catalase have correlations with zinc in healthy adults:
implications for inflammatory conditions. Ann Medl
Res. 2021;28(11):1957-1960. doi: 10.5455/annalsme-
dres.2020.08.806



	bb0005
	bb0015
	bb0040
	bb0045
	bb0030
	bbib0048

