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a  b  s  t  r  a  c  t

Iron  and zinc  deficiencies  is common  in  malaria  endemic  areas  and  contributes  to  morbidity.  Vitamin  C
and zinc  combined  supplements  have  been  hypothesized  as a remedy.  This  study  evaluated  the  effect  of
different  combinations  of  vitamin  C and  zinc  on  haematological  parameters  and  mortality  of  Plasmod-
ium  berghei-infected  mice  (Mus  musculus).  A  three-week  trial was carried  out  to  assess  haematological
changes  and  mortality  of  mice  after 3-day artemether  treatment  co-administered  with  vitamin  C - zinc
supplements.  Grouping  was  based  on combinations  of  vitamin  C and  zinc.  Weight,  packed  cell  volume
(PCV),  white  blood  cell  count  (WBC),  red blood  cell  count  (RBC),  haemoglobin  concentration  (HB),  and
mortality  were  assayed  weekly.  The  supplement  improved  PCV,  HB,  mean  cell volume  (MCV)  and  mean
cell  haemoglobin  (MCH).  Mice  mortality  was higher  in  the  absence  of  the  supplement,  though  the dif-
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ference  was  not  significant  (� =  5.214,  P =  0.5167).  Parasitaemia  was  not  reduced  by  the  supplement.  A
30:70  vitamin  C - zinc  supplement  performed  better  than  other  combinations  used.  Therefore,  vitamin
C  - zinc  supplement  play  roles  in  the  management  of  malaria,  since  they  improved  PCV  and  HB,  and
lowered  mortality  rate, complementing  the  therapeutic  effect  of  artemether.

©  2019  “Society  information”.  Production  and  hosting  by  Elsevier  B.V.  on  behalf  of KeAi
Communications  Co.,  Ltd.  This  is an  open  access  article  under  the  CC BY-NC-ND  license  (http://
. Introduction

Malaria is a preventable and curable disease, yet it remains
 devastating tropical disease, with high infection and mortality
tatistics. Malaria, a life threatening disease is caused by a parasitic
nfection of the red blood cells by Plasmodium parasites transmitted
hrough a bite of the female Anopheles mosquitoes. This disease is
revalent in tropical and subtropical regions and is mostly associ-
ted with poverty. Clinical symptoms of malaria include headache,
ever, chills and vomiting which are usually mild but if not treated
mmediately could lead to delirium, metabolic acidosis, cerebral
∗ Corresponding author.
E-mail address: Ifeanyi.aguzie@unn.edu.ng (I.O.N. Aguzie).
Peer review under responsibility of KeAi Communications Co., Ltd.
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creativecommons.org/licenses/by-nc-nd/4.0/).

malaria and multi-organ system failure [1]. World Health Organiza-
tion (WHO) estimates that each year, more than 200 million people
are infected with malaria worldwide [2]. There were 214 million
cases of malaria worldwide in 2015; 90% of which occurred in sub-
Saharan Africa. Out of these, 438,000 resulted in death globally of
which 78% were children under the age of five [3].

Children under the age of 5 (U5) in malaria-endemic areas are
at risk of protein-energy malnutrition and deficiency in micronu-
trients such as iron and zinc [4]. Micronutrients are vitamins and
minerals needed by man  in small quantities for good health. These
include vitamin C (ascorbic acid), iron, magnesium, calcium, etc.
[5]. Iron is involved in numerous biological processes. It is the most
important transition metal in all living organisms [6]. Vitamin C
is a cofactor in many enzymatic reactions, including several colla-
gen synthesis reactions that, when dysfunctional, cause the most
severe symptoms of scurvy. In animals, these reactions are espe-

cially important in wound-healing and in preventing bleeding from
capillaries [7]. Zinc is required for normal immune function [8]
and reduces the incidence of diarrhoea and pneumonia [9]. Zinc
is essential for a variety of lymphocyte functions implicated in
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Table  1
Feed ingredient and quantities used in diet formulation.

Feed Ingredients Treatment Groups

A B 50:50/500 g C 30:70/500 g D 60:40/500 g E 70:30/500 g F 40:60/500 g G 50:50/500 g

Corn meal 228.7 228.7 228.7 228.7 228.7 228.7 228.7
Soya  bean 58.8 58.8 58.8 58.8 58.8 58.8 58.8
Fish  meal 60 60 60 60 60 60 60
Bambara nut chaff 152.5 152.5 152.5 152.5 152.5 152.5 152.5
Vitamin C - 0.075 0.045 0.090 0.105 0.060 0.075
Zinc  - 0.075 0.105 0.060 0.045 0.090 0.075
Total  500 500 500 500 500 500 500
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ey: A – no vitamin and zinc supplement added; B – equal amount (50:50, i.e. 0.075
itamin  C and zinc in a ratio of 60:40; E - Vitamin C and zinc in a ratio of 70:30; F -

esistance to malaria, including production of IgG, interferon-� and
umor necrosis factor-�,  and microbicidal activity of macrophages
8,10]. Zinc is the second most abundantly distributed trace ele-

ent in the body after iron. It is an essential micronutrient for
uman metabolism that catalyzes more than 100 enzymes, facil-

tates protein folding, and helps regulate gene expression [11].
Iron and zinc deficiencies is common in malaria endemic areas

12,13]. Children and pregnant women are particularly vulnerable
14]. Deficiency in iron results in anaemia. Anaemia affects 43%
f children under 5 years and 38% of pregnant women  globally
15]. Anaemia during pregnancy increases the risk of maternal and
erinatal mortality and low birth weight. Maternal and neonatal
eaths are a major cause of mortality, together causing between 2.5
illion and 3.4 million deaths worldwide [15]. Direct iron supple-
entation during malaria may  have negative effects [16]. Reports

n the impact of direct iron supplement during plasmodium infec-
ion have been conflicting. Sazawal et al. [17] reported increased
isk for severe illness from direct iron supplement during malaria.
irect iron supplement during malaria has also been reported

o have no effect on malaria outcome [18]. This prompted Rah-
ludin and Ginandjar [19] to hypothesize that iron adsorption from

ood instead of direct iron supplement is preferable during malaria
nfection. If this assumption is correct, then stimulating increased
dsorption of iron from food could help ameliorate iron deficiency
uring malaria. Vitamin C is known to increase ability of the body
o adsorb iron from food. Rahfiludin and Ginandjar [19] studied the
ffects of combined supplement of vitamin C and zinc on malaria
atients. They observed that 45 days of vitamin C – zinc supple-
ent resulted in positive haematological outcomes. Haemoglobin

nd haematocrit concentrations was significantly improved by zinc
 vitamin C supplements [19]. Zinc only supplement have been
eported not to have effect on morbidity from falciparum malaria
mong children, although it reduced morbidity associated with
iarrhoea [20]. A combination of vitamin A and zinc supplemen-
ation have been reported to lower incidence of malaria by 27%
n children [21]. These reports appear to suggest that the positive
ffects of zinc and vitamin supplements is due to their combined
dministration. Thus, this study evaluated the effect of different
ombinations of vitamin C and zinc on haematological parameters,
. berghei parasitaemia and mortality of infected mice.

We assumed that combined supplement of vitamin C and zinc
iven together with antimalarial drugs such as artemether could
timulate faster recovery from malaria induced anaemia. This
ssumption is premised on findings that zinc-vitamins supple-
ents improved haematological outcomes during malaria [19],

nd that the supplement probably provides protection by reducing
alaria morbidity [21]. Artemether administered during malaria

s believed to contain factors that may  facilitate recovery from

naemia [22]. Though it is uncertain whether the improvement in
naemia condition may  be entirely due to clearance of malaria par-
sitaemia and the nutritional status of patients. In Nigeria malarial
rugs are severally administered along with multivitamins or direct
h) of vitamin and zinc per 500 g feed; C - Vitamin C and zinc in a ratio of 30:70; D -
in C and zinc in a ratio of 40:60; G - Vitamin C and zinc in a ratio of 50:50.

iron supplements in the belief that it facilitates quick recovery and
blood synthesis especially in the face of malnutrition. The dura-
tion of supplement intake tends to terminate with the duration
of treatment, though sometimes it extends well beyond. Thus,
it becomes necessary to understand the impact of zinc-vitamin
supplement co-administered with antimalarial drugs. Here haema-
tological outcomes and survival rate after three days standard
course of artemether treatment co-administered with vitamin C-
zinc supplement was  evaluated, and the effects observed for three
weeks. The supplements was administered as formulated diet. Plas-
modium berghei-infected laboratory mouse model was  used.

2. Materials and methods

2.1. Management of Albino Mice

Sixty-three albino male mice weighing 19 – 25 g were used for
the study. They were housed in stainless steel cages with wire
screen top. The animals were approximately 6 weeks old. They
were allowed to acclimatize for 1 week in the laboratory envi-
ronment under atmospheric temperature and humidity, and were
maintained on commercial feeds and tap water ad libitum. Good
hygiene was maintained by constant cleaning and removal of faeces
and spilled feeds from the cages daily.

2.2. Ethical considerations

The University Research Policy on Research Involving Animal
Subjects was  adhered to in the use and care for the experimental
animals [23].

2.3. Preparation of inoculum of Plasmodium berghei

Donor mouse with a rising Plasmodium berghei parasitemia of
20% – 30% confirmed by thin and thick blood film microscopy was
used. 1 ml  of parasitized blood was collected from the donor mouse
and diluted in 15 ml  normal saline at pH 7.2 so that each 0.2 ml  con-
tained approximately 107 infected red cells [24,25]. Each animal
received inoculum of about 10 million parasites per kilogram body
weight, which is expected to produce a steadily rising infection in
mice.

2.4. Processing and preservation of dietary ingredients

The dietary ingredients required for the research were corn,
soybean, fish meal, Bambara nut chaff, vitamin C and Zinc. Three

kilograms of yellow corn and 2 kg of soybean were purchased from a
feed mill, grand and stored. Two  kg of fish meal was purchased from
feed mill and stored in an airtight tin. Two kg of Bambara nut and
5 g each of vitamin C and zinc (as zinc sulphate) were purchased.
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.5. Diet formulation

Weight of ingredients used and procedure for diet formulation
s shown in Table 1. Group A was fed diet without vitamin C and zinc

hile groups B, C, D, E, F and G were fed diets with vitamin C and
inc in different rations. The ingredients were weighed out using

 sensitive beam balance. 500 g each of the formulated diet was
omogeneously mixed with water to produce dough. The mixed
iet was then transferred into heat resistant polythene and boiled
or two hours. According to Eyo [26], such heat treatment was  nec-
ssary for the gelatinization of starch, reduction of cyanide activity
nd activation of nutrients. Each diet was then pelletized using an
mprovised sieve. The resulting pellets were dried and stored. Vita-

in  C and zinc inclusion in the formulated diet were combined in
atios that adds up to 150 mg  where 50:50 is equivalent to 75 mg
f each supplement, 30:70 is 45 mg  to 105 mg,  and 40:60 is 60 mg
o 90 mg.  Before inclusion of zinc and vitamin, proximate compo-
ition of the cornmeal, soya bean, fishmeal and Bambara nut chaff
ormulated diets was 6.21 ± 0.21% moisture, 7.15 ± 0.07% crude fat,
7.02 ± 3.35% crude protein, 3.93 ± 0.02% total ash, 2.38 ± 0.04%
rude fibre and 63.31 ± 2.13% carbohydrate. The energy level was
pproximately 354.60 kcal/100 g.

.6. Preparation of standard drug (Artemether)

Artemether injection was used. Each vial of injection contained
0 mg/ml  of artemether. Average body weight of the mice was
aken and used to calculate the dosage.

.6.1. Dosage calculation
According to the Organization of Economic Corporation and

evelopment’s (OECD) guidelines, dosage of drug (mg) should
e constituted in an appropriate volume not usually exceeding
0 ml/kg (1 ml/100 g) body weight of experimental animals (mice
nd rats) for non-aqueous solvent in oral route of administration
27]. Mice collected were between 17 to 22 g, hence the dosage of
rug according to standard should not exceed 0.2 ml.

Dosage (mg) = [Average weight of mice (g) × Dose (mg)] / 1000 g

.7. Experimental design

The experimental set up comprised seven (7) groups labeled A
 G each replicated thrice and three mice per replicate. The seven
roups were as follows:

i Group A (No-supplement Control). Infected and treated with
standard drug only;

ii Group B. Infected and treated with standard drug + vitamin C
and zinc (50:50) supplemented diet;

iii Group C. Infected and treated with standard drug + vitamin C
and zinc (30:70) supplemented diet;

iv Group D. Infected and treated with standard drug + vitamin C
and zinc (60:40) supplemented diet;

v Group E. Infected and treated with standard drug + vitamin C
and zinc (70:30) supplemented diet;

vi Group F. Infected and treated with standard drug + vitamin C
and zinc (40:60) supplemented diet; and

ii Group G (No-infection Control). Not infected but administered
vitamin C and zinc (50:50) supplemented diet.

After acclimatization, the mice were inoculated with P. berghei.
hree days post-inoculation and establishment of infection, they

ere treated with the standard drug and administered supple-
ented diets depending on the group. Artemether was given

ntra-peritoneal once daily for three consecutive days. Feeding with
upplemented diet commenced and ended with the three days
an Wellness 8 (2019) 275–282 277

treatment. Body weight of mice was measured before parasite
inoculation, just before treatment with standard drug and weekly
for three weeks post-treatment. Blood samples were collected for
haematological tests and parasitaemia count weekly and at 2-day
interval respectively. Haematological parameters were measured
post-treatment while parasitaemia was  determined pre- and post-
treatment.

2.8. Calculation of the blood parasite infection load

Thin smears were prepared from mouse tail venous blood, fixed
with methanol, and stained with 10% Giemsa for 10 min  [28]. The
slides were then examined with an oil immersion lens. A total of ten
fields were counted. Parasitaemia was  calculated using the equa-
tion:

Parasitaemia (%) = Infected RBCs/ total RBCs x 100

2.9. Determination of haematological parameters

Packed cell volume and white blood cell count was  carried out
as described by Aka et al. [29] while red blood cell count and
haemoglobin concentration was carried out as described by Ochei
and Kolhatkar [30]. The total white blood cell count was  done using
the improved Neubauer’s counting chamber. Mean cell volume
(MCV), mean cell haemoglobin (MCH) and mean cell haemoglobin
concentration (MCHC) were derived using the formulae:

MCV(fl) = PCV (%) ×  10

RBC (×1012/L)

MCH (pg) =
HB

(
g
dl

)
× 10

RBC (×1012/L)

MCHC
(

g
dl

)
=

HB
(

g
dl

)
× 100

PCV (%)

2.10. Data analysis

Data was analysed using SPSS version 20.0 (IBM Corpora-
tion, Armonk, New York). Repeated Measures univariate ANOVA
full factorial model using default Type III sum of square and
polynomial level test of within-subjects contrasts and no con-
trast between-subjects effects, under the Generalized linear model
(GLM) procedure was used to assess the responses of mice haema-
tological parameters (PCV, RBC, HB, WBC, MCV, MCH  and MCHC)
to the supplement for the duration of exposure. Repeated Mea-
sure univariate ANOVA was  also used to model response of mice
body weight and P. berghei parasitaemia to supplement. The gen-
eral design of the model was: intercept + experimental groups
(between-subjects design), repeated for the duration of treat-
ment (i.e. within-subjects design). Estimated marginal means of
responses, estimates of effect sizes, least significance difference LSD
(with no-supplement Control, i.e. Group A, as reference), and mean
estimates from pairwise comparison are presented in the result
section. Mortality of mice per group was calculated in percentage

as proportion of total number of death per group divided by initial
number of mice per group. Chi-square test was  used to compare
mortality between the groups. Level of significance was  set at 95%
probability decision boundary (p < 0.05 was  considered significant).
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Table  2
Haematological changes in mice infected with P. berghei, treated with standard drug and fed vitamin C and zinc supplemented diet

Parameters Groups Mean (95% CI) Differential (A - Others) p*

PCV (%) A 37.07 (35.91 – 38.23)c Reference -
B  39.13 (37.97 – 40.29)ab - 2.067 0.015
C  38.20 (37.04 – 39.36)bc - 1.133 0.168
D  38.13 (36.97 – 39.29)bc - 1.067 0.194
E  38.33 (37.17 – 39.49)bc - 1.267 0.125
F  38.47 (37.31 – 39.63)bc - 1.400 0.092
G  40.73 (39.57 – 41.89)a - 3.667 < 0.0001

RBC  (x1012/l) A 9.77 (9.52 – 10.01)abc Reference -
B  9.76 (9.52 – 10.00)abc 0.006 0.972
C  9.46 (9.22 – 9.70)c 0.307 0.077
D  9.84 (9.60 – 10.09)b - 0.079 0.641
E  9.82 (9.57 – 10.06)b - 0.051 0.762
F  9.76 (9.52 – 10.01)abc 0.002 0.991
G  10.08 (9.84 – 10.32)a - 0.317 0.069

HB  (g/dl) A 9.71 (9.42 – 10.00)b Reference -
B  10.10 (9.81 – 10.39)b - 0.387 0.063
C  10.10 (9.81 – 10.39)b - 0.387 0.063
D  10.03 (9.74 – 10.32)b - 0.313 0.129
E  9.94 (9.65 – 10.23)b - 0.227 0.267
F  9.93 (9.64 – 10.22)b - 0.213 0.295
G  10.63 (10.34 – 10.92)a - 0.913 < 0.0001

WBC  (x106/l) A 10533 (10220 - 10846)bc Reference -
B  10680 (10367 - 10993)b - 146.667 0.503
C  10593 (10280 - 10906)abc - 60.000 0.782
D  10473 (10161 - 10786)b 60.000 0.783
E  11000 (10687 - 11313)a - 466.667 0.039
F  10440 (10127 - 10752)b 93.333 0.669
G  10213 (9901 - 10526)c 320.000 0.149

Values as mean ± Standard error. Values with different alphabet superscript in a column were significantly different (P < 0.05). Values with different numeric superscript
across  a row were significantly different (P < 0.05). Key (Treatment): A. infected and treated with standard drug only; B. infected and treated with standard drug + vitamin C
and  zinc (50:50); C. infected and treated with standard drug + vitamin C and zinc (30:70); D. infected and treated with standard drug + vitamin C and zinc (60:40); E. infected
and  treated with standard drug + vitamin C and zinc (70:30); F. infected and treated with standard drug + vitamin C and zinc (40:60). G. Not infected but administered vitamin
C  and zinc (50:50). Bf – before. *P-value from LSD pairwise comparison of each group to group A (reference group).
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. Results

.1. Response of Plasmodium berghei-infected mice
aematological parameters to treatment with Artemether under
itamin C - zinc supplement

Before infection with Plasmodium berghei, haematological status
f all the mice was similar. PCV, HB, RBC, WBC  and other haema-
ological indices evaluated was not different between the groups
efore P. berghei infection. The response in some of the haemato-

ogical parameters was indicative of the effect of the supplements.
CV and HB responded positively to the supplements. The response
as significant for PCV (F = 3.973, P = 0.005, �p

2 = 0.460) and HB
F = 3.977, P = 0.005). Compared to no-supplement control (Group
), marginal PCV in all groups fed supplemented diet was  higher.
ut only Group B which received equal amount of vitamin C
nd zinc (50:50), and group G (the uninfected but supplemented
ontrol) had marginal mean PCV significantly higher than the no-
upplement control (P < 0.05). HB in plasmodium infected groups,
o-administered vitamin C - zinc and artemether was  higher than
n no-supplement control (Group A). However, HB in the unin-
ected but supplemented control (Group G) was highest (Table 2).
BC was not affected by combined vitamin C and zinc supple-
ent. WBC  did not appear to show a clear cut response to

he supplement, though group E (70:30 vitamin C - zinc) WBC
ncreased significantly compared to no-supplement control (Group

, P = 0.039).

Groups fed supplemented diets and the uninfected control had
igher marginal mean MCV  than the infected no-supplement con-
rol. However, only groups B (50:50), C (30:70 vitamin C - zinc) and
G were significantly higher (p < 0.05). Marginal MCHC showed min-
imal difference between the groups (Fig. 1). Overall, there was no
significant between group difference in MCH  (F = 1.729, P = 0.151).
But MCH  in groups C and G was  significantly higher than in group
A. MCH  in group C was  similarly significantly higher than in group
E (P = 0.049; Fig. 1).

In all infected and treated groups, PCV increased significantly
on week 3 compared to week 1. At the end of week 1, PCV in all
the groups, except group B (50:50 vitamin C to zinc), was less than
PCV of the uninfected control (Group G) significantly (P < 0.05). The
decline was greatest in group A, the no-supplement group. PCV in
groups fed 50:50, 60:40, 70:30 and 40:60 vitamin C - zinc sup-
plemented diet and the no-supplement control was  similar to the
no-infection control (group G) on week 2, but remained signifi-
cantly lower in group C (30:70 vitamin C - zinc) (Table 3). On week
3, PCV in all groups attained the same level.

Week 1 RBC in all the groups were similar except group G which
was significantly higher. At the end of week 2 RBC in all the groups
had attained the same level as group G. The supplementation had
no effect on RBC (Table 3). Week 1 HB in all the infected groups
were significantly less than the uninfected control (P < 0.05). They
all attained similar level on week 2 and remained so. However, HB
appeared to have increased slightly more in the groups infected,
treated and fed supplemented diet than in the no-supplement con-
trol at the end of week 3 (Table 3). WBC  in all the infected and
treated groups were similar from weeks 1 to 3. In group E (70:30

vitamin C - zinc) week 1 WBC  was significantly higher than those of
groups D (60:40 vitamin C - zinc), F (40:60 vitamin C - zinc) and G
(no-infection control) (P < 0.05); but from week 2 they all attained
the same level of WBC.



F.N. Ekeh et al. / Food Science and Human Wellness 8 (2019) 275–282 279

Fig. 1. Response of mean cell volume (MCV, fl), mean cell haemoglobin concentration (MCHC, g/dl) and mean cell haemoglobin (MCH, pg) to vitamin C and zinc supplement.
Values  as mean ± Standard error. Bars with different alphabet label were significantly different (p < 0.05). Key (Treatment): A. infected and treated with standard drug only;
B.  infected and treated with standard drug + vitamin C and zinc (50:50); C. infected and treated with standard drug + vitamin C and zinc (30:70); D. infected and treated with
standard drug + vitamin C and zinc (60:40); E. infected and treated with standard drug + vitamin C and zinc (70:30); F. infected and treated with standard drug + vitamin C
and  zinc (40:60). G. Not infected but administered vitamin C and zinc (50:50).

Table 3
Haematological changes from weeks 1 to 3 in mice infected with P. berghei, treated with standard drug and fed vitamin C and zinc supplemented diet.

Duration (Weeks)

Parameters Groups 1 2 3

PCV (%) A 34.20 ± 2.49c1 38.20 ± 1.48abc2 38.80 ± 1.92a2

B 38.60 ± 1.67ab1 37.00 ± 2.24abc1 41.80 ± 1.48a2

C 36.20 ± 3.90b1 36.60 ± 1.95c1 41.80 ± 1.48a2

D 34.60 ± 1.82bc1 40.40 ± 2.97ab2 39.40 ± 1.14a2

E 35.80 ± 2.86bc1 39.40 ± 1.34abc12 39.80 ± 1.48a2

F 35.60 ± 3.05bc1 40.20 ± 1.48abc2 39.60 ± 2.30a2

G 41.60 ± 1.67a1 40.80 ± 1.92a1 39.80 ± 2.30a1

Marginal mean 36.66 ± 3.40c 38.94 ± 2.40b 40.14 ± 1.85a

RBC (x1012/l)
A 8.89 ± 0.63b1 9.91 ± 0.58a12 10.50 ± 0.50a2

B 9.19 ± 0.54b1 10.13 ± 0.53a1 9.95 ± 0.60a1

C 8.65 ± 0.22b1 10.11 ± 0.64a2 9.62 ± 0.51a2

D 9.22 ± 0.48b1 9.59 ± 0.51a1 10.73 ± 0.49a2

E 8.89 ± 0.57b1 10.50 ± 0.23a2 10.06 ± 0.52a2

F 9.25 ± 0.47b1 9.52 ± 0.83a12 10.52 ± 0.28a2

G 10.65 ± 0.14a2 9.53 ± 0.51a1 10.07 ± 0.44a12

Marginal mean 9.25 ± 0.75c 9.90 ± 0.63b 10.21 ± 0.57a

HB (g/dl) A 9.38 ± 0.31b1 9.84 ± 0.52a1 9.92 ± 0.63b1

B 9.96 ± 0.65b1 9.42 ± 0.39a1 10.92 ± 0.53ab2

C 9.62 ± 0.47b1 9.70 ± 0.46a1 10.98 ± 0.58a2

D 9.54 ± 0.39b1 10.44 ± 1.04a1 10.10 ± 0.37ab1

E 9.52 ± 0.50b1 9.80 ± 0.70a12 10.50 ± 0.38ab2

F 9.46 ± 0.55b1 10.20 ± 0.66a1 10.12 ± 0.76ab1

G 10.98 ± 0.51a1 10.64 ± 0.43a1 10.26 ± 0.44ab1

Marginal mean 9.78 ± 0.69b 10.01 ± 0.71b 10.40 ± 0.63a

WBC  (x106/l)
A 11640 ± 559.46ab2 10160 ± 536.66a1 9800 ± 628.49a1

B 11720 ± 580.52ab2 10260 ± 594.14a1 10060 ± 594.14a1

C 12200 ± 406.20ab2 9620 ± 708.52a1 9960 ± 304.96a1

D 11360 ± 928.98b2 10120 ± 609.92a1 9940 ± 622.90a1

E 12660 ± 743.64a2 10360 ± 498.00a1 9980 ± 944.46a1

F 11900 ± 538.52b2 9740 ± 740.27a1 9680 ± 756.31a1

G 10080 ± 526.31b1 10100 ± 574.46a1 10460 ± 433.59a1

Marginal mean 11651 ± 953.13a 10051 ± 612.79b 9983 ± 626.14b

Values as mean ± Standard deviation. Values with different alphabet superscript in a column were significantly different (p < 0.05). Values with different numeric superscript
across  a row were significantly different (p < 0.05).
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Fig. 2. Duration of supplementation associated changes in haematological deriva-
tives of mice infected with P. berghei, treated with standard drug and fed vitamin C
a
d

t
d
T
w
p

o
(
d
l

Fig. 3. Plasmodium berghei Parasitaemia pre- and post-treatment with supple-
mented standard drug. Key (Treatment): A. infected and treated with standard drug
only; B. infected and treated with standard drug + vitamin C and zinc (50:50); C.
infected and treated with standard drug + vitamin C and zinc (30:70); D. infected
and  treated with standard drug + vitamin C and zinc (60:40); E. infected and treated
with standard drug + vitamin C and zinc (70:30); F. infected and treated with stan-

F
B
s
a

nd zinc supplemented diet. (A) MCV  (fl) and MCHC (g/dl); (B) MCH  (pg). Bars with
ifferent alphabet label were significantly different (p < 0.05).

The effect of the vitamin C – zinc co-administered treatment on
he haematological parameters PCV, RBC, HB and WBC  was  depen-
ent on duration of observation post-withdrawal of the treatment.
he interaction of treatment and duration of observation post-
ithdrawal of treatment was significant for these haematological
arameters (p < 0.05).

Marginal mean MCV  was similar for weeks 1 – 3 (Fig. 2A). MCHC
n week 1 was significantly higher than weeks 2 and 3 values

F = 14.975, p = 0.001, Fig. 2A). MCH  also changed significant for the
uration of the study (F = 4.288, p = 0.048), weeks 2 and 3 MCH  were

ow compared to week 1 (Fig. 2B).

ig. 4. Differential marginal mean P. berghei parasitaemia in relation to group A (no-supp
.  infected and treated with standard drug + vitamin C and zinc (50:50); C. infected and tr
tandard drug + vitamin C and zinc (60:40); E. infected and treated with standard drug +
nd  zinc (40:60). G. Not infected but administered vitamin C and zinc (50:50).
dard drug + vitamin C and zinc (40:60). G. Not infected but administered vitamin C
and  zinc (50:50). Bf – before.

3.2. Response of Plasmodium berghei parasitaemia to treatment
with Artemether under vitamin C and zinc supplement

Before treatment with standard drug, P. berghei parasitaemia
was approximately 9% in all the groups. After 3 days treatment with
artemether standard drug, parasitaemia dropped to approximately
2% on days 3, 5, 7, and 9 (Fig. 3). It dropped further to below 1%
on day 11. Compared to the no-supplement control (group A), the
vitamin C - zinc supplement did not affect P. berghei parasitaemia.
However, group C (30:70 vitamin C to zinc) had the least para-
sitaemia compared to the no-supplement control (Fig. 4).

3.3. Mortality of Plasmodium berghei-infected mice on treatment
with Artemether under vitamin C - zinc supplement

Mortality of mice was  recorded in some groups for the three
weeks duration (Fig. 5). The highest percentage mortality of 22.2%
occurred in group A (no-supplement control); this was higher than
11.1% mortality in each of the groups B, E and F. One death was
recorded in these supplement groups compared to two out of nine

in the no-supplement control. No mortality was observed in groups
C, D and G. But the difference in mortality between the groups was
not significant (�2 = 5.214, df = 6, p = 0.5167).

lement control). Key (Treatment): A. infected and treated with standard drug only;
eated with standard drug + vitamin C and zinc (30:70); D. infected and treated with

 vitamin C and zinc (70:30); F. infected and treated with standard drug + vitamin C
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Fig. 5. Mortality of mice throughout the course of the study. Key (Treat-
ment): A. infected and treated with standard drug only; B. infected and treated
with standard drug + vitamin C and zinc (50:50); C. infected and treated with
standard drug + vitamin C and zinc (30:70); D. infected and treated with
s
d
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Fig. 6. Marginal mean body weight of mice in the experimental groups for
before infection, before treatment and post-treatment. (I) Comparison of between-
subjects effects; (II) comparison of within-subject effects. Values as mean ± Standard
error. Bars with different alphabet label were significantly different (p < 0.05). Key
(Treatment): A. infected and treated with standard drug only; B. infected and
treated with standard drug + vitamin C and zinc (50:50); C. infected and treated
with standard drug + vitamin C and zinc (30:70); D. infected and treated with
standard drug + vitamin C and zinc (60:40); E. infected and treated with stan-
tandard drug + vitamin C and zinc (60:40); E. infected and treated with stan-
ard drug + vitamin C and zinc (70:30); F. infected and treated with standard
rug + vitamin C and zinc (40:60). G. Not infected but administered vitamin C and
inc  (50:50).

.4. Response of Plasmodium berghei-infected mice body weight
o treatment with Artemether under vitamin C - zinc Supplement

Pre-inoculation with P. berghei, body weight of the mice were
imilar (p > 0.05). Marginal mean weights of mice in all groups
xcept group G were similar at the end of three weeks. Marginal
ean weight of mice in group G (no-infection control) was  sig-

ificantly higher compared to other groups (p < 0.0001). Marginal
ean weight of all the groups infected with P. berghei treated with

tandard drug and provided vitamin C - zinc supplemented diets
ere not different from weight of mice treated with standard drug

nly (Fig. 6 I). Weight of the mice only returned to pre-infection
evel three weeks post-infection and treatment (Fig. 6 II). The
ncrease in weight was significant (F = 45.404, p < 0.0001). There

as no significant interaction between treatment and duration of
bservation in response of weight. Marginal mean weight one week
fter treatment was similar to pre-treatment weight. But from
eek 2 post-treatment, the rise was significant (p < 0.05; Fig. 6 II).

. Discussion

The study assessed the impact of combined vitamin C and zinc
upplementation co-administered with artemether on haemato-
ogical parameter, P. berghei parasitaemia, and mortality of infected

ice. Vitamin C - zinc supplemented diet in addition to 3 days daily
rtemether treatment did not improve weight gain compared to 3-
ay sole treatment with artemether standard drug. PCV and HB
as improved by the three days treatment course. RBC and WBC

howed no supplement–dependent change for the general course
f treatment. P. berghei parasitaemia was not affected by the co-
dministered vitamin C –zinc supplements. Mortality of mice was
ower in all the groups fed the supplemented diets compared to the
o-supplement control. Therefore, the supplement promoted sur-
ival of the mice, although the impact was not significant statisti-
ally. Overall, the 30:70 vitamin C - zinc (Group C) supplement per-
ormed better for all parameters evaluated except for weight gain.

Generally, malaria is associated with reduction in PCV, HB and
BC. This results from destruction of infected RBC and depletion
f haemoglobin [31]. This contributes to the morbidity associated
ith the disease. WBC  drops in response to demands of immune
aintenance [32]. Malaria morbidity is also known to cause weight

oss. Similar scenarios were noticed in this study. But these are

ot the main thrust of these study, and thus will not be discussed

urther.
There was  generally, rise in PCV post-treatment in all infected

roups. Marginal mean rise was higher in the supplemented groups
dard drug + vitamin C and zinc (70:30); F. infected and treated with standard
drug + vitamin C and zinc (40:60). G. Not infected but administered vitamin C and
zinc (50:50).

compared to their no-supplement infected counterpart (Group A).
The marginal increase was especially obvious at the 50:50 vitamin
C - zinc supplementation. A similar significant increase in PCV from
vitamin C - zinc supplement in Plasmodium vivax infected patient
has been reported. Rahfiludin and Ginandjar [19] observed signif-
icant rise in PCV after a 45 d daily supplementation with 40 mg
vitamin C and 10 mg  zinc in patients infected with P. vivax. They
also reported a significant increase in haemoglobin concentration
(HB) resulting from the supplementation. Although in the present
study, there was increase in HB as a result of the vitamin C - zinc
supplement compared to the group that did not receive supple-
ment, the difference was  not significant (p < 0.05). Vitamin C and
zinc both influence haemoglobin synthesis indirectly [33]. Vita-
min  C increases the absorption of iron from dietary sources [19].
It may  also improve red cell production by mobilizing stored iron
[19,34]. Zinc influences heme synthesis through its effects on �-
aminolevulinic acid dehydratase (ALAD), an enzymes relevant in
the synthetic pathway [35]. Therefore, vitamin C - zinc combined
supplement may  serve as alternative to direct iron supplement.

Vitamin C - zinc supplement did not affect P. berghei para-
sitaemia in this study. In a previous study, zinc only supplement had
no effect on malaria morbidity among children in rural West Africa
[36]. Zinc supplement did not reduce the median time to reduc-
tion of fever in preschool children [20]. However, Darling et al. [37]
noticed a reduction in histopathology-positive placental malaria
among pregnant women who received zinc supplement from first
trimester of pregnancy compared to those who  did not. From the

same study, vitamin A did not have any additional protection [37].
There are no reports available on the impact of combination of zinc
and vitamin C on Plasmodium parasitaemia. But micronutrients are
known to enhance immune response [38,39], and zinc is involved
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[39] N.Z. Gammoh, L. Rink, Zinc in infection and inflammation, Nutrients 9 (2017)
624, http://dx.doi.org/10.3390/nu9060624.

[40] O.I. Iribhogbe, E.O. Agbaje, I.A. Oreagba, O.O. Aina, A.D. Ota, Oxidative stress
82 F.N. Ekeh et al. / Food Science an

n the regulation of innate and adaptive immune responses [39].
hough a study designed to evaluate changes in interferon-� and
nterleukin 10 concentration as indicators of immuno-protective
ffect of a combined zinc and vitamin C supplement reported no
mmune enhancing activity [19]. Findings from this study supports
he view that zinc - vitamin C supplement during malaria treatment
id not affect clearance of parasitaemia. One weakness, however,

s the inability to tell what would have happened if the mice were
ot treated with artemether drug, but administered vitamin C -
inc supplements. However, based on our study design, the sup-
lements had no effect on B. berghei parasitaemia.

Mortality was highest in the groups that did not received the
itamin C – zinc supplement. This may  suggest additional pro-
ection resulting from the supplements. Though the difference in

ortality was not significant statistically. The lack of significant
ffect was probably due to the small sample sizes (nine mice per
roup) and low mortality (two maximum). But the observation is
mportant and requires further study. The supplements may  work
y means not explored in this study to improve conditions of the

nfected and treated mice. Zinc for example is critical for sustaining
roper immune response [39]. The micronutrients may  have also
orked by reducing oxidative stress from malaria and maintaining

rythrocyte membrane integrity [40].
Conclusively, combination of the micronutrients vitamin C - zinc

ith standard antimalarial drugs has potential therapeutic ben-
fits in the management of malaria. They may  be of benefit as
herapeutic options when compounded with existing antimalarial
ormulations. Vitamin C - zinc are compatible with the antimalarial
rtemether in the control of Plasmodium berghei in albino mice. The
0:70 vitamin C - zinc was the most suitable combination.
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