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Abstract
Background: Antioxidant vitamins are important for the immune system to function
efficiently through several mechanisms. However, according to several previous
studies, individual step of leucocyte phagocytosis is not correlated with different
antioxidant vitamins.
Methods: This study included 50 healthy Nigerians whosecellular phagocytic
mechanism such as percentage leucocyte migration (%LM) and intracellular killing
(%Nitroblue Tetrazolium Test) were determined by microscopy, neutrophil chemokines
[plasma interleukin 8 (IL-8)] was determined using ELISA,and respiratory burst
indices [plasma catalase (CAT), superoxide dismutase (SOD), myeloperoxidase
(MPO), hydrogen peroxide (H2O2), and nitric oxide (NO)] were determined by
spectrophotometry. While the plasma antioxidant vitamins (Vitamins A, C, and E) were
determined using HPLC, the phagocytic indices, chemokines, and respiratory burst
indices were correlated with plasma antioxidant vitamins using Spearman’s Correlation
analysis at α0.05.
Results: The results show that although among the healthy Nigerian adults, vitamin
C was significantly and positively correlated with %NBT,it was negatively correlated
with CAT activity. Vitamin A showed a significantly positive correlation with SOD while
Vitamin E showed a significantly negative correlation with MPO.
Conclusions: These findings suggest that antioxidant vitamins affect different stages
of phagocytosis. It is advisable to use a combination of antioxidant vitamins as
supplements with recommended treatment strategies against intracellular micro-
organisms or inflammatory diseases.
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1. Introduction

Inadequate intake of antioxidant vitamins suppresses immunity and predisposes to
microbial infections that increase morbidity and mortality. It has since been established
that the immune system needs vitamins A, D, C, E, B6, B12, and folate in both innate
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immunity and adaptive immune response to micro-organisms [1]. Phagocytosis consti-
tutes an important innate defense mechanism. During phagocytosis, the appropriate
immune cell internalizes micro-organisms through interaction with specific receptors on
phagocytic cells. Ultimately, engulfed micro-organisms are digested in phagosomes by
hydrolyzing enzymes of the polymorphonuclear leukocytes (PMNL) and macrophages
[2]. The SOD enzyme converts superoxide to hydrogen peroxide (H2O2), which is used to
produce an oxidant (hypochlorous acid) via myeloperoxidase (MPO). Hypochlorous acid
further combines with amines to produce other oxidants chloramines [3]. Phagocytic
stages include adherence, movement, engulfment, and reactive oxygen production. A
study reported that the entire steps of phagocytosis were increased after the addition
of vitamin E and ascorbic acid in the medium containing peritoneal macrophages [4].
Both phagocytosis and superoxide anion production were enhanced in Kupffer cells
treated in vivo with all-trans-retinol [5].

Moreover, while vitamin E deficiency decreased the activity of NK cells, vitamins C and
E reduced the superoxide production by neutrophils [6]. In another study, supplementa-
tion with vitamins C and E in healthy humans also demonstrated to suppress neutrophil
production of free oxygen radicals [7]. In addition, supplementation of vitamin C also
improved antimicrobial and natural killer cell activities, lymphocyte proliferation, chemo-
taxis, and delayed-type hypersensitivity [6].Alvarado et al.[8]reported that patients with
recurrent infections had impaired leukocyte chemotaxis, which was restored with vita-
min C. A report provided evidence that a single dose of vitamin C improved primary
abnormalities in neutrophil motility and antimicrobial activity in humans [9].

Many aspects of innate immunity are modulated by vitamin A and its metabolites.
For instance, vitamin A controls neutrophil maturation, and during vitamin A deficiency,
neutrophil numbers were increased but with impaired phagocytic function [10]. Vitamin
A also supports phagocytic activity, oxidative burst of macrophages, and bacterial
killing [11]. Additionally, itcontrols dendritic cell and CD4+ T lymphocyte maturation,while
vitamin A deficiency diminishes natural killer cell activity and alters the balance between
T helper 1 and T helper 2 lymphocytes [12].

Wu et al. [13] demonstrated apositive association between plasma vitamin E and
cell-mediated immune responses, and a negative association between plasma vitamin
E and the risk of infections in healthy adults. Supplementing adults with vitamin E
improved chemotaxis and phagocytosis of neutrophils, natural killer cell activity, and
mitogen-induced lymphocyte proliferation [14].

As elucidated earlier, several investigators have suggested that antioxidant vitamins
are immunologically beneficial and protective against microbial infections. However, to
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provide additional mechanisms for these earlier observations, the present study deter-
mined and correlated separate steps of phagocytosis such as adherence, chemotaxis,
digestion, and intracellular killing with antioxidants vitamins.

2. Methods

2.1. Subject population

This study comprised of 50 healthy subjects who are staff and students in the University
College Hospital, Ibadan, Nigeria. While the study included subjects with no commu-
nicable and non-communicable disease, those who drink alcoholic beverages, smoke
cigarette,and were on compulsory medications or supplements were excluded from
the study. All participants gave their consent prior to the studyand the research was
conducted in compliance with the Declaration of Helsinki.

2.2. Plasma isolation

Blood was collected in a covered test-tube with lithium heparin anticoagulant and care-
fully mixed. Plasmawas removed after centrifuging at 1500g for 10min in a centrifuge;the
liquid component (plasma) was transferred into a clean polypropylene tube using a
Pasteur pipette in a freezer (–20°C).

2.3. Percentage leucocyte migration

Percentage leucocyte migration (%LM) was determined as previously described out in
our laboratory by one of the authors [15]. Dextran (6%) was properly but gently mixed
with the whole blood (1:1) and incubated for 45 min at 37°C. Supernatant containing
the leucocytes was obtained and washed thrice in Kreb–Ringers solution. Washed
leucocytes were then filled into capillary tubes and anchored into a migration chamber
filled with either Kreb–Ringers solution or antigen (BCG) and Kreb–Ringers solution
(1:50) and incubated for 18 hr at 37°C. The area of LM in the chamber containing antigen
was compared with the area of migration in the chamber without antigen. The %LM was
calculated as follows:

%LM = (area of migration in antigen solution/area of migration in medium alone) x 100.
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2.4. Percentage nitroblue tetrazolium dye reduction

Percentage nitroblue tetrazolium (%NBT) dye reduction was based on a previously
described methodcarried out in our laboratory [15]. For stimulated NBT procedure, NBT
solution (50 μL of 0.2% NBT), heparinized blood (25 μL), and 25 μL of stimulant solution
(nonviable bacterial extract) were mixed gently and incubated at 37°C for 10 min. A thick
smear of the mixture was prepared which was allowed to air-dry, treated with Wright
stain for 15 sec, and flooded with distilled water for 30 sec before air-dried. Two hundred
leukocytes were counted under oil immersion objective and leukocytes showing dark
formazan deposit were recorded as positive. The percentage of bacterially stimulated
NBT was calculated as:

%NBT = [leucocyte with dark formazan deposit (positive)/total leukocytes counted] x
100.

2.5. Superoxide dismutase activity determination

The Superoxide dismutase (SOD) activity was determined as previously carried out
in our laboratory by us [44]. This method is based on the principle that SOD inhibits
autoxidation of epinephrine at pH 10.2.

2.6. Catalase activity determination

Catalase (CAT) activity was determined as previously carried outin our laboratory [44]
based on the principle that dichromate in acetic acid is reduced to chromic acetate
when heated in the presence of H2O2, with the formation of perchromic acid as an
unstable intermediate. The chromic acetate then produced is measured at 570 nm.

2.7. Myeloperoxidase activity determination

Myeloperoxidase (MPO) activity was determined as previously described in our labora-
tory [44]. The rate of decomposition of H2O2 by peroxidase, with guaiacol as hydrogen
donor, produced tetraguaiacol which was measured at 436 nm.
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2.8. Hydrogen peroxide determination

Hydrogen peroxide (H2O2) concentration was determined as previously carried outin our
laboratory [44] based on peroxide-mediated oxidation of Fe2+, followed by the reaction
of Fe3+ with xylenol orange to form Fe3+-xylenol orange complex with an absorbance
maximum of 560 nm. Plasma H2O2 was determined by comparing absorbance with
standard solutions of H2O2.

2.9. Nitric oxide determination

Plasma nitric oxide (NO) concentration was determined using Griess reagent [Sulfanil-
amide and N-1-napthyethylene-diamine dihydrochloride (NED)] as previously described
by us [44]. The assay is based on a reaction that utilizes sulfanilamide and NED under
acidic (phosphoric acid) conditions. Nitrite forms colored chromophore with reagent,
with an absorbance maximum at 540nm.

2.10. Estimation of chemokine IL-8

The serum level of IL-8 was determined through Enzyme-linked Immunosorbent Assay
(ELISA) using different kits (Abcam, MA, USA, AssayPro, MO, USA and Calbiotech, USA).
The ELISA was performed as previously carried out in our laboratory [16].

All the reagents, sample, and standards were allowed to attain working room tem-
perature prior tocommencement of the assay. Stock standard solution was diluted
to varying concentration used for the standard curve. Standards, samples, reagents,
and immunoplate wereallowed to attain room temperature before being used.After
the procedure as described by the manufacturer and as previously carried out, the
absorbance of each well was read at 450nm with the aid of a microplate reader
[SpectraMax 384 Plus (Molecular Devices, USA)]. Using a four-parameter logistic curve-
fit, the unknown sample concentration was extrapolated from the standard curve.

2.11. Estimation of serum concentrations of vitamins A, C and E
using high-performance liquid chromatography

Serum vitamins A and C concentrations were determined using High-performance
Liquid Chromatography (HPLC) [18]. HPLC is a chromatographic technique used in
separating, identifying, and quantifying components in a mixture. It involves passing
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liquid sample oversolid adsorbent material that is packed into a column using a flow
of liquid solvent. Analytes in samples interact in a slightly different manner with the
adsorbent material, and therebyslowsdown the flow of the analytes differently. A volume
of 250μl of standard, controls, and sample were added to 50μl internal standard and
250μl of precipitating reagent in a 1.5ml precipitation tube. Themixture was brieflymixed
using vortex mixer and leftfor 30 min between 2°C and 8°C, and then centrifuged at
10,000g for 2 min (for vitamin A) or 10 min (for vitamin C). Supernatant (100μl)was picked
and injected into the HPLC-system and the chromatograms weredetected through the
UV detector.

2.12. Statistical analysis

Spearman’s Rank Correlation was used to establish the correlation between%NBT, %LM,
IL 8, SOD, MPO, CAT, NO, and H2O2 with antioxidant vitamin levels (vitamins A, C, and
E). Values were considered significant at p<0.05.

3. Results

Table 1 shows that although vitamin C was significantly and positively correlated with
%NBT, it was negatively correlated with CATactivity. In addition, while vitamin A showed
a significantly positive correlation with SOD, vitamin E showed a significantly negative
correlation with MPO.

4. Discussion

There are several reports on the role of vitamins in hostingimmunity and susceptibility
to infection [6–14]. However, the mechanism is not yet exhausted because it is difficult
or rather impossible in humans to study one immune response, single immune cell,
or a particular vitamin in isolation due to the synergism of all components of humans.
More so, it is difficult to specifically point out if the infection started before vitamin
deficiencies orvitamin deficienciescame before the infection. Global threats of infectious
diseases [18] coupled with the ongoing global COVID-19 pandemic calls for use of
immune boosters, antioxidant, and anti-inflammatory supplements with recommended
management regimens.

In children, a close correlation between the deficiency of vitamin A and infectious
diseases of respiratory and digestive systems was reported [17, 19]. To some extent,
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TABLE 1: Spearman’s Correlation Analysis of %NBT, %LM, IL-8, SOD, MPO, CAT, NO, and H2O2 with antioxidant
vitamin levels (vitamins A, C, and E).

Vit A Vit C Vit E

%NBT r
p

–0.081
0.202

0.278
0.000*

0.060
0.349

%LM r
p

–0.066
0.290

0.075
0.232

0.111
0.076

IL-8 r
p

–0.117
0.062

–0.004
0.955

–0.061
0.332

SOD r
p

0.136
0.028*

0.068
0.272

0.104
0.095

MPO r
p

–0.080
0.196

–0.044
0.482

–0.194
0.002*

CAT r
p

–0.011
0.862

–0.168
0.007*

–0.006
0.929

H2O2 r
p

0.068
0.276

0.068
0.272

–0.007
0.908

NO r
p

0.150
0.016*

0.022
0.724

0.108
0.083

*Significantly correlated

vitamin A demonstrated a therapeutic effect in diseases transmitted through the respi-
ratory system such as pneumonia and measles in children [20]. In rodents, deficiency of
vitamin A reduced the adhesion and phagocytosis of Pseudomonas aeruginosa and the
production of reactive oxidative molecules [21]. Epidemiological studies showed that the
healthy population had a significantly higher serum level of vitamin A than pulmonary
tuberculosis patients [22, 23]. The suggested immunological effect was based on the
fact that vitamin A is a micronutrient that protects epithelium integrity [18–20] and plays
a crucial role in mucus production, epithelial-formation, -keratinization, -stratification,
-differentiation, and functional maturation [24].

Antioxidant enzymes such as SOD and CAT act as a defense against oxidative
stress [25]. SOD catalyzes the conversion of a highly reactive superoxide anion (O−−

2 )
into a less reactive species H2O2 and molecular oxygen (O2). H2O2formed by SOD
activity is decomposed to water and molecular oxygen (O2), a reaction catalyzed by the
enzyme CAT [26]. In the present study, vitamin A had a positive correlation with SOD,
thus increasingthe levels of vitamin A and thereby increasing the SOD activities and
production of antimicrobial H2O2. This might be one of the bases for the protective uses
of vitamin A.

Vitamin C deficiency increases susceptibility to a variety of infections [27] and
humansdeficient in vitamin C are susceptible to pneumonia [28]. Vitamin C sup-
plementation decreased the duration and severity of common cold [29]. Pulmonary
tuberculosis patients have decreased plasma vitamin C concentrations compared
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withuninfectedsubjects [30]. Based on chest X-ray results, acute lung infections have
shown rapid clearance following an administration of intravenous vitamin C [31, 32].
In addition, pre -clinical studies of animals with sepsis-induced lung injury have
indicated that vitamin C administration increased alveolar fluid clearance, enhanced
bronchoalveolar epithelial barrier function, attenuated sequestration of neutrophils [33].

Immunomodulatory function of vitamin C was based on its requirement for the biosyn-
thesis of collagen, maintenance of epithelial integrity, leucocyte chemotaxisin response
to inflammatory mediators, phagocytosis and killing of microbes, apoptosis, and clear-
ance by macrophages [34]. Vitamin C has effective antioxidant capacitybecause of its
ability to donate electrons, thus protecting important biomolecules (such as proteins,
lipids, carbohydrates, and nucleic acids) from damage by oxidants generated during
normal cellular activities [35]. In addition to these previously suggestedmechanisms, the
present study added that positive correlation of NBT (ability to generate reactive oxygen
species) or negative correlation of CAT (another antioxidant enzyme) with vitamin C
levels might also contribute to the usefulness of vitamin C in immune function. Our
findings are in support of earlier reports that state leukocytes actively accumulate
vitamin C [36], which increases following oxidative burst [37] and that vitamin C is a
water-soluble antioxidant that scavenges numerous oxidants and can also regenerate
important cellular and membrane antioxidants such as glutathione and vitamin E [38].
Another study by Bozonet and Carr [39] also demonstrated that supplementation with
vitamins C and E in healthy humans suppressed neutrophil production of free oxygen
radicals.Moreover, the supplementation of elderly women with a combination of 1 g/day
vitamin C with vitamin E enhanced neutrophil functions, including chemotaxis [40]. This
observation therefore supports the use of combination of antioxidant vitamins.

Further, vitamin E was shown toreduce susceptibility to infections by enhancingprolif-
eration of lymphocytes, production of T helper 1-type cytokines, activities of natural killer
cells, and phagocytosis of macrophages/neutrophils [41]. It was shown thatthe positive
association existed between plasma vitamin E and cell-mediated immune responses,
and a negative association has been demonstrated between plasma vitamin E and the
risk of infections in healthy adults over 60 years of age [42, 43].

During the respiratory burst, leucocytes consume a large amount of O2 to generate
H2O2 through dismutation reaction catalyzed by SOD [25]. This H2O2 combines with
halide ions (I−, Cl−, Br−) to produce hypohalous acid (HOCl/HOBr) in the presence
of MPO. HOCl/HOBr may react with O2·−− or Fe2+ to form another strong oxidant,
probably the hydroxyl radical (·OH). If not controlled and due to high concentrations, the
reactive oxygen species (O2·−, ·OH), HOCl/HOBr, and H2O2 may leak into surrounding
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cells resulting in increased quantities of free radicals [26]. This study shows a negative
correlation between vitamin E and MPO supporting that vitamin E is an antioxidant
vitamin. It is thus likely that vitamin E is consumed as MPO activity increases so as to
reduce the excessive production of HOCl/HOBr and subsequent stronger oxidants like
O2·− and ·OH.

Therefore, according to this study, antioxidant vitamins A, C, and E support different
stages of phagocytosis and the three antioxidant vitamins are thusrecommended to be
taken together as supplements in the treatment of microbial and inflammatory diseases.
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