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ABSTRACT
The current study evaluated the hematological changes in albino mice following infection with P.
berghei and treatment with sodium bicarbonate; an alkaline substance intended to alkalinize the
pH in the parasite environment. Twenty albino mice were randomly divided into five groups of four
mice each. Groups 3, 4 and 5 were the test groups and administered 84mg/kg b.w of sodium
bicarbonate injection once, twice and thrice respectively. Groups 1 received dH20, group 2; only P.
berghei. Three days later, hematological parameters and differential cells were analyzed. PCV was
significantly (p<0.05) lower in groups 2(32.00±0.70), 3(34.00±0.70), 4(34.00±0.70), 5(33.00±0.70)
compared to control (35.00±0.70). Haemoglobin decreased significantly (p<0.05) in group 5
(11.00±0.70) compared to control (11.80±0.70). WBC showed significant (p<0.05) increase in the
test groups; 2(3600.00±70.71), 3(4600.00±70.71), 4(4800.00±70.71), 5 (4800.00±70.71) compared
_____________________________________________________________________________________________________
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to control (3200.00±70.71). Platelets decreased significantly (p<0.05) in the test groups;
2(90.00±.70), 3(87.00±.70), 4(84.00±.70), 5(86.00±.70) compared to control (92.00±.70). The
percentage neutrophils was significantly (p<0.05) higher in group 2(61.00±0.70), significantly
(p<0.05) lower in groups 3(58.00±0.70), 4(57.00±0.70), 5(57.00±0.70) compared to control
(60.00±0.70). Leucocytes increased significantly (p<0.05) in groups 2(36.00±0.70), 3(38.00±0.70),
4(38.00±0.70), 5(40.0±0.70) compared to control (32.00±0.70). Monocyte was significantly
(p<0.05) lower in the test groups; 2(2.00±0.07), 3(2.00±0.07), 4(2.00±0.10) and 5(1.00±0.89)
compared to control (4.00±0.07). Eosinophils decreased significantly (p<0.05) in group
2(1.00±0.35), increased significantly (p<0.05) in group 4(3.00±0.70) compared to control
(2.00±0.70). Basophils were not detected in neither of the groups. This study revealed that sodium
bicarbonate administered to albino mice infected with P. berghei caused the elevation of some
hematological parameters and differential cells.

Keywords: Differential cells; plasmodium berghei; sodium bicarbonate; extracellular fluid pH; Malaria.
hemoglobin; the protein component of red blood
cells responsible for oxygen binding and
transportation to cells. Also, the detoxification of
heme (a toxic waste product of hemoglobin
degradation) and in the event of antimalarial drug
action and resistance [6], favour haemoglobin
degradation. Several proteolytic enzymes of the
parasite such as aspartic and cysteine proteases
involved in hemoglobin degradation have pH
optima in the range 4.5-5.0 suggesting that the
DV maintains an acidic environment [4]. The
vacuolar-type proton-pumping ATPase (V-type
+
H -ATPase) is thought to be responsible for
maintaining an acidic DV [7]. Sodium
bicarbonate (NaHCO3) solutions are usually of
alkaline pH and are sometimes administered to
patients with metabolic acidosis who have both a
−
low plasma HCO3 concentration, and a low
plasma pH (< 7.2). Since this salt is for the most
part completely dissociated in aqueous
+
−
solution, Na , HCO3 , and H2O are effectively
added to the extracellular fluid compartment
+
(ECF). Usually, Na molecules are being added
−
without Cl , and since HCO3− has a tendency to
−
displace Cl from the ECF compartment, both
effects contribute to increase the “strong ion
difference” (SID), thus causing alkalinization of a
system [8].

1. INTRODUCTION
Many developing countries around the world are
often mostly challenged with the scourge of
malaria infection. Malaria has become one of the
major health problems in developing countries of
the world accounting for about 2-3 million deaths
yearly. It is a tropical protozoan disease
transmitted
through
female
anopheles
mosquitoes. It is mainly caused by various
species of plasmodium parasite [1]. Four species
of intracellular protozoa of the genus
Plasmodium cause malaria infection in human
beings and they include P. falciparum, P. vivax,
P. ovale, and P. malariae. P. falciparum and P.
vivax cause the most serious forms of the
disease [2]. P. berghei is the specie that majorly
infect rodents such as mice hence its suitability
and common use in malaria model experiments.
Blood is a tissue that circulates in a virtually
closed system of blood vessels. It is composed
of red and white blood cells, platelets, suspended
liquids known as plasma and serum. Plasma is
an extracellular fluid confined within the vascular
system. The water and electrolyte composition of
plasma is particularly the same as that of
intracellular fluid, made up of water, electrolytes,
metabolites, nutrients, proteins, enzymes and
hormones [3], all playing vital roles towards
survival of the cells.

Some of the haematological changes that are
associated with malaria infection include
anaemia, thrombocytopenia, and disseminated
intravascular coagulation [9-12]. Alterations in
physicochemical parameters of P. falciparum
infested blood may vary with levels of malaria
endemicity, presence of haemoglobinopathies,
nutritional status, demographic factors and the
level of malaria immunity [13-14]. Therefore, well
informed alterations in blood parameters in
malaria infection enable the clinician to establish
reliable diagnosis and therapeutic interventions.

Upon infection, the malaria parasite feeds on the
host cell hemoglobin by using cytostomedependent invaginations. The hemoglobin is
transferred into an acidic digestive vacuole (DV)
of the parasite and is degraded by proteases
providing a source of amino acids and a source
of osmolytes [4], thereby generating space and
favourable conditions for its growth [5]. The DV
pH of the parasite has long been thought to play
a major role that favours the degradation of
2
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Malaria pathogenesis is based mainly on
extensive
changes
in
biochemical
and
haematological parameters [15]. The World
health
Organization
(WHO)
criteria
acknowledged that some biochemical and
haematological features should raise the
suspicion of severe malaria [16]. The current
study was therefore undertaken to determine the
level of Haematological changes following
infection of albino mice with P. berghei and
treating with the alkaline solution; sodium
bicarbonate.

University, Keffi until commencement of the
experiment.

2.2 Methods
2.2.1 Parasite inoculation
The method described by [19] was used for the
inoculation of parasite into experimental animals.
The inoculums consisted of 5x107 of P. berghei
parasitized erythrocytes per ml. This was done
by first determining the percentage parasitaemia
and then the erythrocytes count of the donor
mouse. The blood was diluted with phosphate
buffer saline in proportions indicated by both
determinations. The Albino mice were inoculated
intraperitoneally, with 0.2 ml of the already
infected blood.

2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Experimental animal models
Healthy albino mice of both sexes weighing
between 20-33g each were used for the
experiment. The animals were obtained from the
zoology Department, University of Jos Nigeria
and transported to the Animal House,
Department of Biochemistry and Molecular
Biology, Nasarawa State University, Keffi,
Nigeria and acclimatized for seven days before
commencement of the experiment, they were fed
with standard feed and water ad libitum. They
were also maintained under standard conditions
of humidity, temperature and 12 hours
light/darkness cycle. Experiment were conducted
in strict compliance with internationally accepted
principle for laboratory animal use and care as
contained in the Canadian council on animal care
guidelines and protocol review [17].

2.2.2 Determination
parasitaemia

of

percentage

2.1.2 Plasmodium berghei

A total of twenty mice were randomly divided into
five groups of four mice per group. Groups 1
served as the normal control; not infected with
the parasite and not treated with sodium
bicarbonate and group 2 served as the positive
control; it was infected with P. berghei but not
treated with sodium bicarbonate while three other
groups (3, 4 and 5) were assigned as test groups
and administered 84mg/kg b.w of sodium
bicarbonate injection once, twice and thrice
respectively.

To obtain the percentage parasitaemia, thin
blood smears were made from the tail of each
mouse, fixed with methanol and stained with
10% Giemsa stain. The parasitaemia level was
determined by counting the number of
parasitized erythrocytes out of 100 erythrocytes
in random 8 fields of microscope. Parasitaemia
was calculated by light microscopy by using the
100× objective lens and the following equation
was used
% Parasitemia =

× 100

2.2.3 Experimental design

The plasmodium parasite; P. berghei NK 65 was
used for the study. It was bought from National
Vertinary Research Institute, Vom, Plateau State,
Nigeria and kept alive by continuous intra
peritoneal passage in mice every four days at the
Department of Biochemistry and Molecular
Biology, Nasarawa State University, Keffi,
Nigeria according to [18].
2.1.3 Sodium Bicarbonate

2.2.4 Determination of packed cell volume
(PCV)

Sodium Bicarbonate injection (Pauco Sodium
Bicarbonate; 8.4%w/v) was bought from a
pharmaceutical shop in Keffi town, Nasarawa
State, Nigeria and stored at between 8-250C in
the laboratory at the Department of Biochemistry
and Molecular Biology, Nasarawa State

The packed cell volume was evaluated using the
method of Daice and Lewis [20]. Blood sample
was collected into a heparinized capillary tube
from the tip of the tail of each mouse and sealed

3
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with a plastacin. The tube was then centrifuged
using a micro hematocrit centrifuge at
11,000rpm, for 5minutes. PCV was read using
the micro hematocrit reader.
PCV =

Leishman stain, making them visible enough to
be counted. Air-dried thin smears were made
from all samples and stained with Leishman
stain. These PBS (Platelets blood stains) were
examined under light microscope using x100 oil
immersion lens. In a monolayer zone of the
smear, platelets were counted simultaneously
with RBC till 1000 RBC were counted. The
number of platelets per 1000 RBC thus obtained
was multiplied by 15000.

Volume of Erythrocytes in a Given Volume of Blood
Total Blood Volume

2.2.5 Haemoglobin estimation (Hb)
The Hb was determined using the method of [21]
Miale (1972). Drapkin’s solution is able to
hydrolyze the red blood cells leaving
haemoglobin to be counted.To a 4ml Drabkins
solution in a test tube was added 20µl of well
mixed anti-coagulated whole blood. The tube
was mixed by inversion and incubated at 25ºC
for 5 minutes. Absorbance of the solution was
read at 540 nm against a reagent blank. The
concentration of haemoglobin was calculated by
multiplying the absorbance with a factor of 36.8.

2.3 Statistical Analysis
The data obtained was analyzed using one-way
ANOVA using IBM statistical product and service
solution (SPSS) version 23.0 to get the mean
values and standard deviations. Further test for
level of significance was done using LSD and
Duncan tests. The level of significance was set at
P < 0.05 for all the data.

Hb = A540 X 36.8

3 RESULTS AND DISCUSSION

2.2.6 Determination of red blood cell count

3.1 Results

This
was
done
using
the
standard
haematological procedure described by [22]. Red
blood cells are large and conspicuous when
viewed through the microscope, making it easily
to be counted in the Neubaeur counting
chamber. Well mixed anti-coagulated blood was
diluted 1:20 with 10% Na2CO3 solution. The
mixture was then loaded into an improved
Neubauer counting chamber. Appropriate
squares were counted and added up to
determine the total red cell count.

Table 1 is the result presentation of the effect of
Sodium bicarbonate on the Haematological
parameters of P. berghei-infected albino mice.
PCV was significantly (p<0.05) lower in group 2
(32.00±0.70) and significantly (p<0.05) lower in
groups 3 (34.00±0.70), 4 (34.00±0.70) and 5
(33.00±0.70) when compared to the control
(35.00±0.70) (group 1). Hb was observed to
decrease significantly (p<0.05) in group 5
(11.00±0.70) but no significant decrease
(p>0.05) was observed in groups 2 (12.00±0.70),
3 (11.40±0.70) and 4 (11.20±0.70) when
compared to the control (11.80±0.70). No
significant (p>0.05) decrease was observed for
RBC count in all the treatment groups; 2
(8.00±.07), 3 (7.60±.07), 4 (7.52±0.10) and 5
(7.60±0.89) when compared to the control
(8.00±.07). WBC count showed significant
(p<0.05) increase in all the test groups; 2
(3600.00±70.71),
3
(4600.00±70.71),
4
(4800.00±70.71) and 5 (4800.00±70.71) when
compared to the control (3200.00±70.71).
Platelets count was observed to decrease
significantly (p<0.05) in all the test groups; 2
(90.00±.70), 3 (87.00±.70), 4 (84.00±.70) and 5
(86.00±.70) when compared to the normal
control (92.00±.70).

2.2.7 Determination of total white blood cell
(WBC) count
White blood cell count was determined using the
method of [23]. Turk’s solution (2% glacial acetic
acid) hydrolyzes the red blood cells except white
blood cells, leaving it to be counted. The blood
sample was diluted (1:20) with Turk’s solution
(2% glacial acetic acid). The diluted sample was
loaded into a Neubaer counting chamber with the
aid of Pasteur pipette. The total WBC was
calculated by counting the required number of
squares on the counting chamber under a
microscope using the (×1000) magnification.
2.2.8 Determination of platelets count

Table 2 shows the result presentation of the
effect of Sodium bicarbonate on differential cells
of P. berghei-infected albino mice. The

This was done according to the method
described by [24]. Platelets are easily stained by
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Table 1. Effect of Sodium bicarbonate on the Haematological parameters of P. berghei-infected
albino mice
Treatment
Group
Group 1
Group 2
Group 3
Group 4
Group 5

Haematological Indices
PCV (%)
Hb Conc.
(g/dl)
35.00±0.70a
11.80±0.70a
b
a
32.00±0.70
12.00±0.70
c
34.00±0.70
11.40±0.70a
c
a
34.00±0.70
11.20±0.70
d
33.00±0.70
11.00±0.70b

RBCcount
(1012/L)
a
8.00±.07
a
8.00±.07
7.60±.07a
a
7.52±0.10
7.60±0.89a

WBC Count
(106/mm3)
3200.00±70.71a
b
3600.00±70.71
4600.00±70.71c
d
4800.00±70.71
4800.00±70.71d

Platelet Count
(106/mm3)
92.00±.70a
b
90.00±.70
87.00±.70c
d
84.00±.70
86.00±.70e

Results are expressed as Mean ± standard deviation, (N=4). Mean values with different letters as superscripts
are considered significant at p < 0.05

Table 2. Effect of Sodium bicarbonate on differential cells of P. berghei-infected albino mice
Treatment
Group
Group 1
Group 2
Group 3
Group 4
Group 5

Differential cells
NEU
LYM
(%)
(%)
a
a
60.00±0.70
32.00±0.70
b
61.00±0.70
36.00±0.70b
c
c
58.00±0.70
38.00±0.70
d
57.00±0.70
38.00±0.70c
d
d
57.00±0.70
40.0±0.70

MONO
12
(10 /L)
a
4.00±0.07
2.00±0.07b
b
2.00±0.07
2.00±0.10b
c
1.00±0.89

EOSINO
6
3
(10 /mm )
a
2.00±0.70
1.00±0.35b
a
2.00±0.70
3.00±0.70c
a
2.00±0.70

BASO
6
3
(10 /mm )
a
0.00±0.00
0.00±0.00a
a
0.00±0.00
0.00±0.00a
a
0.00±0.00

Results are expressed as Mean ± standard deviation, (N=4). Mean values with different letters as superscripts
are considered significant at p < 0.05

percentage neutrophils was observed to be
significantly (p<0.05) higher in group 2
(61.00±0.70) and significantly (p<0.05) lower in
groups 3 (58.00±0.70), 4 (57.00±0.70) and 5
(57.00±0.70) when compared to the control
(60.00±0.70). Leucocytes increased significantly
(p<0.05) in the test groups 2 (36.00±0.70), 3
(38.00±0.70), 4 (38.00±0.70) and 5 (40.0±0.70)
when compared to the control (32.00±0.70).
Monocyte count was observed to be significantly
(p<0.05) lower in all the test groups;
2(2.00±0.07), 3(2.00±0.07), 4 (2.00±0.10) and 5
(1.00±0.89) when compared to the control
(4.00±0.07). Eosinophils decreased significantly
(p<0.05) in group 2 (1.00±0.35) and increased
significantly (p<0.05) in group 4 (3.00±0.70)
compared to the control (2.00±0.70) but the
increase was non-significant (p>0.05) in groups 3
(2.00±0.70) and 5 (2.00±0.70) compared to the
control. Basophyils were not detected in neither
of the groups.

physiological conditions for proper functioning, a
deviation from which could signal an abnormality
in the system. The present study showed that
PCV was significantly (p<0.05) lower in group 2,
3, 4 and 5 when compared to the control (group
1). Hemoglobin was observed to decrease
significantly (p<0.05) in group 5 but no significant
difference (p>0.05) was observed in groups 2, 3
and 4 when compared to the control. Since
hemoglobin and hematocrit profiles (such as
PCV) relate to the total population of red blood
cells in the blood, it could thus imply that sodium
bicarbonate may not favour hemoglobin
incorporation into red blood cells and a
consequent reduction in oxygen binding and
transportation [25].
No significant (p>0.05) decrease was observed
for red blood cells (RBC) count in all the
treatment groups; 2, 3, 4 and 5 when compared
to the control. The decrease in erythrocytes and
hematocrit counts (PCV) after intraperitoneal
passaging of P. berghei and intraperitoneal
administration of sodium bicarbonate suggests
that it may not have stimulated the formation or
secretion of erythropoietin in the stem cells of
normal mice. Erythropoietin is a glycoprotein
hormone which stimulates stem cells in the bone
marrow to produce red blood cells [26].
Erythropoietin affects the oxygen-carrying

3.2 Discussion
Hematological (blood) parameters are crucial
markers in diagnosing and determining the actual
physiological status of an organism under any
kind of physiological state. An organism must
have to maintain its blood composition and
constituents at a relatively constant and stable
5
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capacity of the blood and the amount of oxygen
delivered to the tissues since red blood cells and
hemoglobin are very important in transferring
respiratory gases [27,28]. It may also suggest
that sodium bicarbonate could not cause
polycythemia. Previous studies have indicated
that an increase in the count of erythrocytes and
PCV is suggestive of polycythemia and positive
erythropoiesis [29-32]. Therefore, sodium
bicarbonate cannot be used to restore lost blood
during excessive bleeding. The mechanism
leading to the increase in erythrocyte count is
probably mediated by the anti-oxidant activity
[33]. This study however demonstrates that
sodium bicarbonate may not possess antioxidant
properties as to favour erythrocyte count in
albino mice.

circulating neutrophils are accounted for in the
WBC count. The half-life of mature neutrophils in
circulation is about 7 hours. They irreversibly
traverse the vascular endothelium into the
tissues, where they die after 1 or 2 days. The
main function of neutrophilic granulocytes is
phagocytosis of bacteria. This is a complex
multistage process that includes engulfment of
the organism, incorporation into the cytoplasm,
and fusion with a lysosome where enzymes are
liberated that will destroy the bacterium while a
burst of energy is generated. Their significant
(p<0.05) increase in group maybe due to their
high mobilization in the presence of P. berghei.
Leucocytes increased significantly (p<0.05) in
the test groups 2, 3, 4 and 5 when compared to
the control. Macrophages and lymphocytes are
known collectively as mononuclear leukocytes.
Both play important roles in cellular and humoral
immunity. These cells are able to exit and reenter circulation, retaining their function. They
may spend time in the tissues or in lymph nodes.
The cells of the monocyte-macrophage system
have their origin in the bone marrow, deriving
from the CFU-GM. They are not stored but are
rapidly released into the circulation where they
account for 5% of WBC. In tissues, they become
macrophages. Significant increase in leucocytes
count in this study indicates that the mice
immune system was compromised due to
infection by P. berghei but this was mitigated by
the administered sodium bicarbonate.

WBC count showed significant (p<0.05) increase
in all the test groups; 2,3,4 and 5 when
compared to the control. The significant increase
in white blood cell counts and differential
leukocytes in the test animals shows that sodium
bicarbonate may have immune boosting and
immunostimulatory
effects
and
produced
leucocytosis and prevented the leucopenia
induced by P. berghei. It has been reported that
granulocyte-macrophage
colony
stimulating
factor, macrophage colony stimulating factor,
interleukins IL -2 IL-4 and IL-5 regulate the
proliferation, differentiation and maturation of
committed stem cells responsible for the
production of white blood cells [34,35]. Since
sodium bicarbonate caused increases in white
blood cell counts, it is possible that it stimulated
the production of these regulatory factors or
increased the sensitivity of the committed stem
cells, responsible for the production of white
blood cells, to these factors.

Monocyte count was observed to be significantly
(p<0.05) lower in all the test groups; 2, 3, 4 and 5
when compared to the control. Monocytemacrophages
phagocytose
bacteria
and
particulate material, play a role in the
inflammatory reaction, and are important in the
immune apparatus where they process antigenic
material and "communicate" with T lymphocytes
through
a
cell-cell
interaction
process.
Monocytes are able to secrete interleukin, a
substance that potentiates B and T lymphocytes.
They participate in fibrinolysis by secreting
plasminogen activators.

Platelets count was observed to decrease
significantly (p<0.05) in all the test groups; 2, 3, 4
and 5 when compared to the normal control. The
significant
decrease
in
platelets
after
intraperitoneal infection with P. berghei and
administration of sodium carbonate suggests that
sodium bicarbonate may not have stimulated
thrombopoietic process in mice infected with P.
berghei. The significant decrease in platelets
count after oral administration of sodium
carbonate may indicate that it may not possess
the ability to recover platelets.

Eosinophils decreased significantly (p<0.05) in
group 2 and increased significantly (p<0.05) in
group 4 compared to the control but the increase
was non-significant (p>0.05) in groups 3 and 5
compared to the control. Basophils were not
detected in neither of the groups. Heavy
concentrations of eosinophils are found in the GI
tract, lung, and skin. The precise function of
these complex cells is not well known. They

The percentage neutrophils was observed to be
significantly (p<0.05) higher in group 2 and
significantly (p<0.05) lower in groups 3, 4 and 5
when compared to the control. Only the
6
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possibly play a role
multicellular
parasites
inflammation.

in defense
and
in

against
limiting
3.

Basophils were not detected in neither of the
groups. Basophils constitute about 1 to 2% of
circulating leukocytes. Their physiologic role is
also not known with precision. In their granules
they carry heparin and histamine. IgE can be
found bound to their surface in response to
specific antigens. Their non-detection in this
study implied that there was no antibody
response to any antigenic substance.

4.

5.

4. CONCLUSION
6.
The outcome of this studies revealed that sodium
bicarbonate administered to albino mice infected
with P. berghei caused the elevation of WBC,
leucocytes, and Eosinophils but decreased
neutrophils and basophils count. These are cells
usually mobilized during an immune response,
hence the suggestion that sodium bicarbonate
may possess immunomodulatory effect by
posing an unfavorable pH condition to some
parasites that prefer to thrive in acidic pH
because it is alkaline in nature.

7.

8.

9.

ETHICAL APPROVAL
Animal Ethic committee approval has been
collected and preserved by the author(s)

10.

ACKNOWLEDGEMENT
11.

The authors wish to thank Mr Ishaku Lar for
helping to source for the parasite and Mr Odoh
Onyema Oliver for the assistance during the
Laboratory analyses.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

12.
no

competing

REFERENCES
1.

2.

13.

Kamble P, Bhagwat V, Trivedi DJ, Bargale
A. Comparative study of free radical
activity in Plasmodium falciparum and
Plasmodium vivax malaria patients. Int J
Pharm Bio Sci. 2011;2(4):99-102.
Akaninwor JO, Essien EB, Chikezie PC,
Okpara RT. Haematologic and biochemical
indices of Plasmodium falciparum infected

14.

7

inhabitants of Owerri, Imo State, Nigeria.
Glob J Med Res Dis. 2013;13(4):20- 28.
Chidoka CP, Tochukwu OR. Haematologic
and biochemical indices of Plasmodium
falciparuminfected inhabitants of Owerri,
Imo State, Nigeria. J Med Lab Diagn.
2013;4(3):38-44.
Allen RJ, Kirk K. Cell volume control in the
Plasmodium
falciparumin
fected
erythrocyte. Trends in Parasitology. 2004;
20: 7-10.
Homewood CA, Warhurst DC, Peters W,
Baggaley VC. Lysosomes, pH and the antimalarial action of chloroquine. Nature.
1972;235(5332): 50-52.
Goldberg DE. Hemoglobin degradation.
Current Topic of Microbiology and
Immunology. 2005;295:275-291.
Saliba KJ, Allen RJ, Zissis S, Bray PG,
Ward SA, Kirk K. Acidification of the
malaria parasite’s digestive vacuole by a
H+-ATPase and a H+-pyrophosphatase.
Journal of Biological Chemistry. 2003;
278:5605-5612.
Larry R.
Engelking, in Textbook of
Veterinary Physiological Chemistry (Third
Edition)
Alkalinizing
and
Acidifying
Solutions; 2015.
Facer CA. Hematological aspects of
malaria. In: Infection and Hematology.
Oxford: Butterworth Heinemann Ltd. 1994:
259-294.
Perrin LH, Mackey LJ, Miescher PA. The
hematology of malaria in man. Semin
Hematol. 1982;19:70- 82.
Maina RN, Walsh D, Gaddy C, Hongo G,
Waitumbi J, Otieno L. Impact of
Plasmodium falciparum infection on
haematological parameters in children
living in Western Kenya. Malaria J.
2010;9:4.
Chandra S, Chandra H. Role of
haematological parameters as an indicator
of acute malarial infection in Uttarakhand
State of India. Mediterr J Hematol Infect
Dis. 2013;5(1):1-7.
Price RN, Simpson JA, Nosten F,
Luxemburger C, Hkirjaroen L, Kuile F.
Factors contributing to anaemia after
uncomplicated falciparum malaria. Am. J
Trop Med Hyg. 2001;65:614-622.
Erhart LM, Yingyuen K, Chuanak N,
Buathong N, Laoboonchai A, Miller RS, et
al. Hematologic and clinical indices of
malaria in a semi-immune population of
western Thailand. Am J Trop Med Hyg.
2004;70(1):8-14.

Haruna et al.; IJPR, 7(2): 1-8, 2021; Article no.IJPR.69452

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

Adeosun OG, Oduola T, Akanji BO,
Sunday AM, Udoh SJ, Bello IS.
Biochemical alteration in Nigerian children
with acute falciparum malaria. Afr J
Biotechnol. 2007;6 (7):881-885.
World Health Organization (WHO) Report.
Severe falciparum malaria. Transac Roy
Soc Trop Med Hyg. 2000; 94(1):1-90.
Canadian Council of Animal Care (CCAC)
Guidelines and Protocol; 1997.
Jigam AA, Usman TA, Halima AM, Tijani
FO. fficacy of thonningia sanguine Vahl
root
extract
against
Plasmodium
inflammation and nociception in mice.
Journal
of
Applied
Pharmaceutical
Science. 2012;2(01):47-51.
Kabiru AY, Okolie NL, Muhammad HL
Ogbadoyi EO. Preliminary studies on the
antiplasmodial potential of aqueous and
methanol extracts of camaldulensis. Asian
Pacific Journal of Tropical Disease. 2012;
S809-S814.
Daice
JV,
Lewis
SM.
Practical
Haematology, 5th Edition, Churchill stone,
Edinburgh; 1975.
Miale
JB.
Laboratory
Medicine:
Hematology. 4th Edn, CV. Mosby
Company, St. Louis, MO, USA. 1972;494.
Ochei J, Kolhatkar A. Medical Laboratory
Sciences: Theory and Practice. Tata
McGraw Hill, New York. 2008;663-665.
Dacie
JV,
Lewis
SM.
Practical
Haematology. 7th Edn. ELBS with
Churchill Livingston, England. 1991;37-85.
Uramani MK, Shashidhar HB. Estimation
of platelet count from peripheral blood
smear based on platelet: red blood cell
ratio: A prospective study in a tertiary care
hospital, Indian Journal of Pathology and
Oncology. 2016;3(2):351-353.
Adebayo JO, Adesokan AA, Olatunji LA,
Burro DO, Soladoye AO. Effect of
Ethanolic
extract
of
Bougainvillea
spectabilis leaves on haematological and
serum lipid variables in rats. Biochemistry.
2005; 17:45.
Ohlsson A, SM Aher. Early erythropoietin
for preventing red blood cell transfusion in

27.

28.

29.

30.

31.

32.

33.

34.

35.

preterm and/or low birth weight infants.
Journal of Dietary Supplements. 2009;6:
227-251.
Polenakovic M, Sikole A. Is erythropoietin
a survival factor for red blood cells?
Journal of the American Society of
Nephrology. 1996;7: 1178-1182.
Oyedeji KO, Bolarinwa AF. Effect of
Corchorus
olitorius
Extract
on
Haematological and Plasma Biochemical
Parameters in Male Albino Rats. IOSR
Journal of Dental and Medical Sciences
(IOSR-JDMS). 2013;5:68-71.
Iranloye BO. Effect of chronic garlic
feeding
on
some
hematological
parameters. African Journal of biomedical
Research. 2002;5: 81-82.
Mansi K, Lahham, J Effects of pride of
Artemisia sieberi Besser (A/ herba-alba)
on heart rate and some hematological
values in. normal and alloxan induced
diabetic rats. Journal of Basic and
Appliced Sciences. 2008;4:57-62.
Kuppast IJ, Vasudeva NP, Ravi MC,
Biradar SS Studies on the hematological
effect of the extracts of Cordia dichotoma
Forst F Fruits. Research Journal of
Agriculture Science and Forestry. 2009;1:
195-2004.
Okpuzor J, Ogbunugafor HA, Kareem GK
Hepatoprotective and hematologic effects
of fractions of Globimetula braunii (Engle)
in normal albino rats. EXCIL Journal.
2009;8:182-189.
Ohlsson A, SM Aher. Early erythropoietin
for preventing red blood cell transfusion in
preterm and/or low birth weight infants.
Journal of Dietary Supplements. 2009;6:
227-251.
Guyton AC, JE Hall. A Textbook of Medical
Physiology. (10th Edn), W.B. Saunders
Co., Philadelphia; 2000.
Ganong
WF.
Review
of
Medical
Physiology. (20th Edn), Lange Medical
Books, McGraw Hill Companies Inc., New
York; 2001.

© 2021 Haruna et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/69452

8

