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Abstract
Background: The COVID-19 outbreak by the new coronavirus strain was recognized as a pandemic
by the World Health Organization (WHO)). Vitamin C is a water-soluble antioxidant vitamin. Zinc is
crucial for many cellular processes, including the preservation of immune function and is an
anti-inflammatory and antioxidant micronutrient. Aim: The aim of the study was to determine
changes of some liver and renal parameter in patient with COVID 19 administered with Vitamin C
and Zinc treatments. Methodology: Sixty three subjects who had symptoms and were admitted to
the wards within the cottage hospital had their sample analysed for COVID-19, Total Protein,
Albumin, alanine aminotransferase (ALT), aspartate aminotransferase(AST), alkaline phosphatase
(Alk Phos) Total Bilirubin, Direct Bilirubin, Sodium, Potassium, Chloride, Bicarbonate, Urea and
Creatinine using Biuret, Bromocresol green, Reitman and Frankel, Phenolphthalein Monophosphate,
Jendrassik-Grof, ion selective electrode, Phosphoenol pyruvate carboxylase, Berthelots and Jaffe’s
methods respectively. The data were analyzed using t-test and ANOVA tools. Results: There was no
significant difference (P>0.05) in Total protein (g/L) and albumin(g/L) concentrations of
82.60+2.70 and 47.04+1.63 at baseline and 103.30+11.00 and 48.06+2.13 at post treatment. There
was a significant decrease (P<0.05) in ALKPHOS (U/L) from 159.97+8.98 at baseline to
77.88+10.14 at post treatment. Direct bilirubin showed significant increase (P<0.05) from
0.90+0.12 at baseline to 1.55+0.30 at post treatment.Bicarbonate (Mmol/l) and Creatinine (Umol/l)
significantly increased from 16.17+1.81 and 73.78+2.03 at baseline to 38.40+2.17 and
151.42+15.98 at Post Treatment respectively while Urea (Mmo/l) significantly reduced (P<0.05)
from 21.00+3.97 at baseline to 10.62+2.71 at Post Treatment. Other parameters had no significant
difference (p>0.05) in the levels before and after treatment. Conclusion: The study showed that
administration of Zinc and vitamin C to subjects with COVID 19 infection caused decrease alkaline
phosphatase and urea levels with increase Direct Bilirubin, bicarbonate and creatinine in those
patients.
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Introduction
Throughout history, there have been a number
of pandemic diseases; the most notable and
recent pandemic of COVID-19 began in
December 2019 in Wuhan, China. Although
COVID-19 infection is self-limiting in
approximately 80% of cases, male individuals,
the elderly and those with comorbidities such
as diabetes mellitus, hypertension, or
underlying cardiorespiratory illness are at a
higher risk of becoming severely ill [1] [2] [3].
COVID-19 infection is mainly characterized by
respiratory illness with flu-like symptoms such
as fever, cough and shortness of breath,
whereas severe infection can cause death due
to diffuse alveolar damage and progressive
respiratory failure [5]. Angiotensin-converting
enzyme 2 (ACE2), the human cell receptor of
SARS-CoV-2, whose expression is dominant in
alveolar type 2 cells, is also expressed in organs
such as the liver, kidney, heart and brain; thus,
SARS-CoV-2-infected patients are often
observed to have systemic damage with
widespread inflammation [6] [7] [8].

Vitamin C is a water-soluble antioxidant, has
been reported to ameliorate the free radical
induced damage by carbofuran [9] [10]. Since
ascorbic acid is water soluble, it can work both
inside and outside the cells to combat free
radical damage [10]. There are several
transport mechanisms to get it inside:
Glucose-dependent transporters like GLUT1
and 3 as well as more specialized
sodium-dependent transporters for ascorbic
acid, SVCT1 and 2 [11]. Vitamin C can “donate
electrons to free radicals such as hydroxyl and
superoxide radicals and quench their
reactivity” [12] [13]. Vitamin C reported to be
an antioxidant [14], has been shown to mitigate
lead induced oxidative stress toxicity [15].
Vitamin D, vitamin C, and the trace element
zinc are known to support immune function
[16]. Zinc is an essential trace element which
plays a role in enhancing immune system.
Deficiency of zinc can impact immunity
because it maintains barriers and develops
both innate and adaptive immune systems.

Zinc deficiency leads to lack of formation,
activation and maturation of lymphocytes,
disturbs the intercellular communication via
cytokines, and weakens the innate host defence
[17] [18]. Zinc deficiency may impair
phagocytosis of macrophages and neutrophils,
NK cell activity, generation of the oxidative
burst and complement activity [19]. Zinc
deficiency also reduce lymphocyte
proliferation, Th1 cytokines production (IL-2
and interferon-γ), and leads to a Th1/Th2
imbalance [20]. Not only having an effect on
cell-mediated immunity, zinc is also an
anti-inflammatory and antioxidant agent [21].
Zinc is also considered to be a second
messenger in immune cells. Its role includes
activating T cells by the T cell receptor and the
cytokine interleukin IL-2, and antibody-binding
receptors which are predominantly found on
cells of the innate immune system [22]. The
aim of the study is to determine changes of
liver and renal parameters in patients with
COVID 19 administered with Vitamin C and
Zinc treatments.

Materials and Method

Study area
The study was carried out in a cottage hospital
located in Port Harcourt, Southern Nigeria. The
cottage hospital

Subjects
Subjects were randomly selected via simple
random sampling method. Sixty-three subjects
on who had symptoms and were admitted to
the wards in the cottage hospital had their
samples analysed for COVID-19 and liver and
renal biomarkers before and after two weeks of
treatment with Zinc and Vitamin C.

Reagents
The cholesterol, triglycerides, HDL and LDL
precipitants, Urea, Creatinine, glucose, Total
protein, albumin, AST and ALT reagents
produced by Randox reagents UK were
purchased in Port Harcourt while the Alkaline
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Phosphatase reagent produced by QCA Spain
was purchased for analysis.

Biochemical analysis
Determination of ALT and AST was done using
Reitman, and Frankel method [23].
Alkaline Phosphatase activity was done by
Phenolphthalein Monophosphate method .

The Serum Total Bilirubin Concentration was
determined using Jendrassik-Grof method [24].
The serum total bilirubin concentration is
determined in the presence of caffeine, which
releases albumin bound bilirubin, by the
reaction which diazotized sulphanillic acid [24]
[25].
The Serum direct Bilirubin Concentration was
determined using Jendrassik-Grof method [24].
The serum Direct/indirect bilirubins react with
diazotized sulphanillic acid in alkaline medium
to form a blue coloured complex [24] [25].

Total Protein concentration was carried out
using Biuret method. [26].
Bromocresol green (BCG) method [27] was
used for albumin estimation.

Estimation of Sodium, Potassium and Chloride
was done using Ion selective electrode analyser
method [28]. The analyser utilises Ion Selective
Electrode (ISE) technology. ISE is a type of
electrochemical sensor. It converts the ion
activity to the electric potential of the electrode.

The relation conforms to the NERST equation,
that the logarithm of the ion actitvity has a
linear relation with the electrode potential
[29].

Creatinine estimation was done by Jaffe’s
colorimetric method [30].

Serum bicarbonate concentration was
determined by the method [31] described as
outlined in Teco Diagnostic Kit. The
Phosphoenol pyruvate carboxylase (PEPC)
catalyzes the reaction between phosphoenol
pyruvate and biocarbonate ion to form
oxaloacetate and phosphate ion. Oxaloacetate
is subsequently reduced to malate with
simultaneous oxidation of an equimolar
amount of reduced nicotinamide adenine
dinucleotide (NADH) to NAD. The reaction is
catalyzed by malate dehydrogenase (MADH).
This results in a decrease in the absorbance of
the solution at 340nm that is directly
proportional to CO2 concentration in the
sample.s

Statistical analysis
Data obtained were subjected to statistical
analysis using Statistical Package for Social
Science version 25 using statistical tools such
as t-test and analysis of variance (ANOVA).
Results were expressed as Mean ± Standard
error of Mean (X±SEM). The values of P˂0.05
were considered significant.

Results
There was no significant difference (P>0.05) in
total protein (82.60±2.70 vs. 103.30±11.00
g/L), albumin (47.04±1.63 vs. 48.06±2.13 g/L),
AST (2.77±0.14 vs. 2.14±0.13 U/L), ALT
(6.71±3.23 vs. 9.10±3.89 U/L), and total
bilirubin (5.90±0.60 vs. 6.90±1.60 µmol/L)

between baseline and post-treatment. However,
ALKPHOS significantly decreased (P<0.05)
from 159.97±8.98 to 77.88±10.14 U/L, while
direct bilirubin significantly increased (P<0.05)
from 0.90±0.12 to 1.55±0.30 µmol/L.
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Table 1. Effects of two weeks treatment with Vitamin C and Zinc on Liver function
parameters of COVID 19 Subjects

Total
Protein
(g/L)

Albumin
(g/L)

AST
(U/L)

ALT
(U/L)

ALKPHOS
(U/L)

Total
Bilirubin
(Umol/L)

Direct
Bilirubin
(Umol/L)

Baseline 82.60+2.70 47.04+1.63 2.77+0.14 2.14+0.13 159.97+8.98 5.90+0.60 0.90+0.12
Post
Treatment

103.30+11.00 48.06+2.13 6.71+3.23 9.10+3.89 77.88+10.14 6.90+1.60 1.55+0.30

T-value 3.529 0.147 1.612 3.475 36.988 0.295 4.176
P-value 0.063 0.702 0.207 0.065 0.000 0.588 0.043

There were no significant changes (P>0.5) in
sodium (147.69±3.16 vs. 144.93±3.82 mmol/L),
potassium (5.27±0.21 vs. 5.83±0.29 mmol/L),
and chloride (98.27±3.66 vs. 107.81±3.93
mmol/L) between baseline and post-treatment.
However, bicarbonate significantly increased

from 16.17±1.81 to 38.40±2.17 mmol/L,
creatinine increased from 73.78±2.03 to
151.42±15.98 µmol/L, and urea significantly
decreased from 21.00±3.97 to 10.62±2.71
mmol/L (P<0.05).

Table 2. Effects of two weeks treatment with Vitamin C and Zinc on some renal function
parameters of COVID 19 Subjects
Group Sodium

(Mmol/l)
Potassium
(Mmol/l)

Chloride
(Mmol/l)

Bicarbonate
(Mmol/l)

Urea
(Mmo/l)

Creatinine
(Umol/l)

Baseline 147.69+3.16 5.27+0.21 98.27+3.66 16.17+1.81 21.00+3.97 73.78+2.03
Post
Treatment

144.93+3.82 5.83+0.29 107.81+3.93 38.40+2.17 10.62+2.71 151.42+15.98

t 0.314 2.404 3.160 62.923 4.510 25.197
P 0.576 0.124 0.078 0.000 0.036 0.000

There was no significant difference (P>0.05) in
total protein, albumin, AST and ALT, total
bilirubin and direct bilirubin levels across the

groups but there was significant difference
(P<0.05) in AKLPHOS across the groups.

Table 3. Effects of two weeks treatment with Vitamin C and Zinc on Liver function
parameters of different gender of COVID 19 Subjects
Group Total

Protein
(g/L)

Albumin
(g/L)

AST
(U/L)

ALT
(U/L)

ALKPHOS
(U/L)

Total
Bilirubin
(Umol/L)

Direct
Bilirubin
(Umol/L)

Male control 81.20+2.17 46.14+2.36 2.82+0.21 2.23+0.18 73.01+14.55 6.05+0.06 0.82+0.12

Female control 85.00+6.30 48.56+1.81 2.70+0.16 2.00+0.18 81.18+14.00 5.78+0.12 1.01+0.28

Male COVID 19
Subjects

96.40+12.5
7

49.46+2.74 6.47+4.23 5.97+3.18 142.74+9.35
a,b

8.07+0.23b 1.50+0.37

Female COVID
19 Subjects

113.30+20.
35 a,b

45.98+3.43 7.08+5.14
a,b

13.73+8.45
a,b

170.13+12.99
a,b

5.09+0.21 1.63+0.50

F-value 1.549 0.443 0.535 1.826 13.074 0.583 1.451
P-value 0.206 0.722 0.659 0.146 0.000 0.627 0.232
a= significant when compared with Male control
b=significant when compared with Female control
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There were no significant differences (P>0.05)
in sodium, potassium, chloride, and urea levels
among the groups. However, bicarbonate and

creatinine levels showed significant difference
(P<0.05 in their levels across the groups.

Table 4. Effects of two weeks treatment with Vitamin C and Zinc on some renal function
parameters of different gender of COVID 19 Subjects

Group Sodium
(Mmol/l)

Potassium
(Mmol/l)

Chloride
(Mmol/l)

Bicarbonate
(Mmol/l)

Urea
(Mmo/l)

Creatinine
(Umol/l)

Male control 146.33+4.00 3.03+0.23 101.93+3.53 17.52+2.45 2.50+0.53 74.02+2.49
Female control 145.00+5.22 3.68+0.43 92.05+7.81 13.90+2.57 1.68+0.58 73.38+3.57
Male COVID 19
Subjects

148.88+4.90 5.45+0.35 a,b 107.11+5.09 39.28+2.86 a,b 9.96+3.38 a,b
139.51+18.44 a,b

Female COVID 19
Subjects

139.09+6.03 6.41+0.49 a,b 108.84+6.31 37.09+3.30 a,b 11.61+4.55 a,b 169.03+28.87 a,b

F-value 0.802 2.475 1.615 21.175 1.811 8.936
P-value 0.495 0.065 0.190 0.000 0.149 0.000
a= significant when compared with Male control
b=significant when compared with Female control

Discussion
The study examined the effect of
administration of Vitamin C and Zinc on
subjects diagnosed with COVID 19. The result
of this study showed significant increase
(P<0.05) in bicarbonate, creatinine and direct
bilirubin with significant decrease (P<0.05) in
Alkaline Phosphate, and urea of the subjects
diagnosed with COVID 19 at baseline compared
with Post Treatment with Vitamin C and Zinc.
This is contrary to the work of Eze [32], who
reported that Co-administered vitamin C and
Zinc 100 and 50 mg/kg respectively restored
alanine aminotransferase and aspartate
aminotransferase function in diabetes induced
hepatotoxicity. This showed that vitamin C and
Zinc may play an important role in the
prevention of hepatocellular injury that may
occur in diabetes. This is further supported by
the findings of Hamden [33]. The
hepatoprotective effect of vitamin C is said to
be associated with it oxidative property.
Vitamin C is a water-soluble antioxidant which
decreases lipid peroxidation either directly or
indirectly by regenerating vitamin E, the major
lipid-soluble antioxidant [14]. Vitamin C was
also reported to scavenge aqueous reactive
oxygen species (ROS) by rapid electron

transfer that inhibits lipid peroxidation [34].
Zinc-deficient individuals are prone to
increased respiratory and diarrheal
morbidities [35] [36]. Furthermore, it was
found that zinc supplementation in children
with zinc deficiency may reduce the morbidity
and mortality related to lower respiratory tract
infections caused by the measles virus [37].
Zinc administration is also associated with a
41% reduction in the prevalence of childhood
pneumonia [38], a lower respiratory tract
infection. Clinical studies have shown that zinc
supplementation can also reduce, by up to 54%,
the severity and duration of various cold
symptoms, such as fever, cough, sore throat,
muscle pain and nasal congestion [39] [40],
which may also occur after SARS-CoV2
infection.

The Female COVID 19 Subjects had significant
increase (P<0.05) in Potassium, Bicarbonate,
Urea, creatinine total protein, AST, ALT and
ALP compared with male and female controls.
The male COVID 19 Subjects had significant
increase (P<0.05) in Potassium, Bicarbonate,
Urea, creatinine, Total bilirubin and ALP
compared with male and female controls. In
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this work it was observed that vitamin C may
have hepatoprotective effect. This
hepatoprotective effect tends to increase
synergistically when co administered with Zinc.
The synergistic effect of vitamin C and Zinc was
evaluated in animals [41]. who stated that
co-administration of vitamin C and Zinc during
nickel intoxication reversed nickel induced
oxidative stress in the liver of rats.

Supplementation with zinc was shown to be
effective in the treatment of acute diarrhea,
which may be due to viral infection [42].
Regarding zinc sources, it was found that
supplementation with zinc amino acid chelate,
compared with placebo and zinc sulfate, had a
better effect in reducing the incidence of
diarrhea and acute respiratory infection, in
addition to resulting in a lower incidence of
side effects, in preschool children [43]. An in
vitro study found that zinc may have antiviral
activity to inhibit SARS-CoV RNA polymerase.
Therefore, zinc may have a beneficial effect on
COVID-19 infection [44].

Conclusion
The study has shown that administration of
Zinc and vitamin C to subjects with COVID 19
infection caused decrease alkaline

phosphatase and urea levels with increase
Direct Bilirubin, bicarbonate and creatinine in
those patients.

References

1. Schiffrin EL, Flack JM, Ito S, Muntner P,
Webb RC. Hypertension and COVID-19. Am
J Hypertens. 2020;33:373–4.

2. Haitao T, Vermunt JV, Abeykoon J,
Ghamrawi R, Gunaratne M, Jayachandran
M, et al. COVID-19 and sex differences:
mechanisms and biomarkers. Mayo Clin
Proc. 2020;95:2189–203.

3. Saha S, Al-Rifai RH, Saha S. Diabetes
prevalence and mortality in COVID-19
patients: a systematic review,

meta-analysis, and meta-regression. J
Diabetes Metab Disord. 2021;1–12.

4. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y,
et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan,
China. Lancet. 2020;395:497–506.

5. Das G, Mukherjee N, Ghosh S. Neurological
insights of COVID-19 pandemic. ACS Chem
Neurosci. 2020;11:1206–9.

6. Alqahtani SA, Schattenberg JM. Liver injury
in COVID-19: The current evidence. United
Eur Gastroenterol J. 2020;8:509–19.

7. Cheng Y, Luo R, Wang K, Zhang M, Wang Z,
Dong L, et al. Kidney disease is associated
with in-hospital death of patients with
COVID-19. Kidney Int. 2020;97:829–38.

8. Akhmerov A, Marbán E. COVID-19 and the
heart. Circ Res. 2020;126:1443–55.

9. Rai DK, Rai PK, Rizvi SI, Watal G, Sharma B.
Carbofuran-induced toxicity in rats:
protective role of vitamin C. Exp Toxicol
Pathol. 2009;61(6):531–5.

10. Costa C, Ozcagli E, Gangemi S, Schembri F,
Giambò F, Androutsopoulos V, et al.
Molecular biomarkers of oxidative stress
and role of dietary factors in gasoline
station attendants. Food Chem Toxicol.
2016;90:30–5.

11. Sotiriou S, Gispert S, Cheng J, Wang Y, Chen
A, Hoogstraten-Miller S, et al.
Ascorbic-acid transporter Slc23a1 is
essential for vitamin C transport into the
brain and for perinatal survival. Nat Med.
2002;8(5):514–7.

12. Bendich A. Antioxidant micronutrients and
immune responses. Ann N Y Acad Sci.
1990;587:168–80.

13. Bindhumol V, Chitra KC, Mathur PP.
Bisphenol A induces reactive oxygen
species generation in the liver of male rats.
Toxicol. 2003;188:117–24.

14. Padayatty SJ, Katz A, Wang Y, Eck P, Kwon
O, Lee JH, et al. Vitamin C as an antioxidant:



George-Opuda & Adegoke. 2024; 1(6): 14-21

NEXUS OF MEDICINE AND LABORATORY SCIENCE JOURNAL

evaluation of its role in disease prevention.
J Am Coll Nutr. 2003;22(1):18–35.

15. Rendón-Ramírez AL, Maldonado-Vega M,
Quintanar-Escorza MA, Hernández G,
Arévalo-Rivas BI, Zentella-Dehesa A, et al.
Effect of vitamin E and C supplementation
on oxidative damage and total antioxidant
capacity in lead-exposed workers. Environ
Toxicol Pharmacol. 2014;37(1):45–54.

16. Grant WB, Lahore H, McDonell SL,
Baggerly CA, French CB, Aliano JL, et al.
Evidence that vitamin D supplementation
could reduce risk of influenza and
COVID-19 infections and deaths. Nutrients.
2020;12(4):988.

17. Maares M, Haase H. Zinc and immunity: an
essential interrelation. Arch Biochem
Biophys. 2016;611:58–65.

18. Calder PC, Carr AC, Gombart AF,
Eggersdorfer M. Optimal nutritional status
for a well-functioning immune system is
an important factor to protect against viral
infections. Nutrients. 2020;12:1181.

19. Allen JI, Perri RT, McClain CJ, Kay NE.
Alterations in human natural killer cell
activity and monocyte cytotoxicity induced
by zinc deficiency. J Lab Clin Med.
1983;102:577–89.

20. Beck FW, Prasad AS, Kaplan J, Fitzgerald JT,
Brewer GJ. Changes in cytokine production
and T cell subpopulations in
experimentally induced zinc-deficient
humans. Am J Physiol. 1997;272:1002–7.

21. Overbeck S, Rink L, Haase H. Modulating
the immune response by oral zinc
supplementation: a single approach for
multiple diseases. Arch Immunol Ther Exp
(Warsz). 2008;56:15–30.

22. Haase H, Rink L. Signal transduction in
monocytes: the role of zinc ions. Biometals.
2007;20:579–85.

23. Reitman S, Frankel SA. Colorimetric
method for determination of serum
glutamic oxaloacetic transaminase (SGOT)

and serum glutamic pyruvic transaminase
(SGPT). Am J Clin Pathol. 1957;28:56.

24. Jendrassik L, Grof P. Estimation of total
serum bilirubin level by
spectrophotometry in serum and plasma.
Biochem Z. 1938;297:81–9.

25. Sherlock S. The liver in heart failure:
relation of anatomical, functional, and
circulatory changes. Br Heart J.
1951;13:273.

26. Henry RJ, Cannon DC, Winkelman JW.
Clinical Chemistry Principles and
Techniques. 2nd ed. Harper and Row;
1974.

27. Doumas BT, Watson WA, Biggs HG.
Albumin standards and the measurement
of serum albumin with bromocresol green.
Clin Chim Acta. 1971;31:87.

28. Ion selective electrode series operator
manual. SFRI Med Diagn. 2012;18–9.

29. Weatherburn MW. Phenol-hypochlorite
reaction for determination of ammonia.
Anal Chem. 1967;39:971–4.

30. Henry RJ. Creatinine in: Clinical Chemistry,
principles and techniques. 2nd ed. Harper
and Row; 1974:510–5.

31. Tietz NW. Manual Procedure Bicarbonates
in: Fundamentals of Clinical Chemistry.
W.B. Saunders, Philadelphia, PA; 1982. p.
884–7.

32. Eze ED, Dawud FA, Zainab AA, Jimoh A,
Malgwi IS, Isa AS. Preliminary studies of
effects of vitamin C and zinc on some liver
enzymes in alloxan-induced diabetic
Wistar rats. Asian J Med Sci.
2012;4(1):17–22.

33. Hamden K, Boujbiha MA, Masmoudi H,
Ayadi FM, Jamoussi K, Elfeki A. Combined
vitamins (C and E) and insulin improve
oxidative stress and pancreatic and
hepatic injury in alloxan diabetic rats.
Biomed Pharmacother. 2009;63(2):95–9.



George-Opuda & Adegoke. 2024; 1(6): 14-21

NEXUS OF MEDICINE AND LABORATORY SCIENCE JOURNAL

34. Frei B, England L, Ames BN. Ascorbate is
an outstanding antioxidant in human
blood plasma. Proc Natl Acad Sci U S A.
1989;86(16):6377–81.

35. Aggarwal R, Sentz J, Miller MA. Role of zinc
administration in prevention of childhood
diarrhea and respiratory illnesses: a
meta-analysis. Pediatrics.
2007;119:1120–30.

36. Roth DE, Richard SA, Black RE. Zinc
supplementation for the prevention of
acute lower respiratory infection in
children in developing countries:
meta-analysis and meta-regression of
randomized trials. Int J Epidemiol.
2010;39:795–808.

37. Awotiwon AA, Oduwole O, Sinha A,
Okwundu CI. Zinc supplementation for the
treatment of measles in children. Cochrane
Database Syst Rev. 2017;6:CD011177.

38. Lassi ZS, Moin A, Bhutta ZA. Zinc
supplementation for the prevention of
pneumonia in children aged 2 months to
59 months. Cochrane Database Syst Rev.
2016;12:CD005978.

39. Prasad AS, Fitzgerald JT, Bao B, Beck FW,
Chandrasekar PH. Duration of symptoms
and plasma cytokine levels in patients with

the common cold treated with zinc acetate:
a randomized, double-blind,
placebo-controlled trial. Ann Intern Med.
2000;133:245–52.

40. Hemila H, Petrus EJ, Fitzgerald JT, Prasad A.
Zinc acetate lozenges for treating the
common cold: an individual patient data
meta-analysis. Br J Clin Pharmacol.
2016;82:1393–8.

41. Samir D, Kechrid Z, Djabar MR. Combined
protective effect of zinc and vitamin C on
nickel-induced oxidative liver injury in
rats. Ann Biol Res. 2010;3(7):3278–86.

42. Lazzerini M. Oral zinc provision in acute
diarrhea. Curr Opin Clin Nutr Metab Care.
2016;19:239–43.

43. Sanchez J, Villada OA, Rojas ML, Montoya L,
Diaz A, Vargas C, et al. Effect of zinc amino
acid chelate and zinc sulfate in the
incidence of respiratory infection and
diarrhea among preschool children in
child daycare centers. Biomedica.
2014;34:79–91.

44. Skalny AV, Rink L, Ajsuvakova OP, Aschner
M, Gritsenko VA, Alekseenko SI, et al. Zinc
and respiratory infections: perspective for
COVID-19. Int J Mol Med. 2020;46:17–26.


