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INTRODUCTION

O

ver the years, the quest for effective malaria control
have witnessed several methods and strategies
towards its eradication, elimination and or
minimization especially in sub-Saharan Africa where deaths
arising from malaria holds sway and the disease also accounting
for about 63% in hospital attendance [1]. Among these numerous
methods is the use of anti-malarial drugs (both herbal and
orthodox) for curative and prophylactic purposes which have
sustained the populations living in endemic areas from time
immemorial. However, there are certain populations that are
selective to drug use of which improper or wrong administration
could result in fatal clinical consequence. One of such are persons
lacking in Glucose-6-phosphate dehydrogenase (G6PD) enzyme,
well known for its critical role in metabolic energy generation and
in the control of oxidative stress a deficiency can predispose to
oxidation and subsequent hemolysis of the red blood cells
depending on the type [2].
Glucose-6-Phosphate dehydrogenase enzyme deficiency is an
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were similar in males 12 (27.3%) and in females 16(28.6%)
(P=0.885). There was no statistical difference in G6PD activity
with malaria parasite density (MPD) estimation (P=0.585)
despite the fact that those with low G6PD activity also had low
MPD than those with normal G6PD activity (415.57 ± 297.07
and 697.86 ± 1516.42 respectively). Also, among the 12
individuals who reported to having adverse drug reaction to
some anti-malarials, the outcome was not statistically significant
(P=0.659 and P=0.528). In conclusion, there was no relationship
between G6PD activity and adverse drug reaction.
inherited condition in which the activity of red blood cell G6PD is
markly diminished. The gene determining the structure of G6PD
is carried on the X chromosomes and, therefore the defect is
inherited in a sex-linked fashion which is fully expressed in the
effected males. G6PD deficiency is associated with four main
clinical syndromes: acute intravascular hemolysis following
exposure to redox chemicals including drugs, neonatal jaundice,
favism and chronic non-spherocytic hemolytic diseases. On
administration of certain substances, it could precipitate
hemolysis with resultant haemoglobulinuria which in most cases
is erroneously seen as the worsening of the disease state most
especially in places like ours where self medications, poverty and
ignorance are common place. These enzymes are endemic in
populations of countries of Africa, the Mediterranean basin and
the far East, and their descendants in Europe, the Americas and
Australia [3-6]. It has been estimated that there are more than 100
million affected individual worldwide.
Functionally G6PD is a cytoplasmic “house keeping” enzyme
that catalyses the first and rate limiting step of the hexose
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monophosphate pathway for pentose synthesis [7-9]. This
pathway is an important source of Nicotinamide-adenine
dinucleotide phosphate (NADPH) that is required for maintaining
adequate intracellular levels of reduced forms of glutathione [9].
It functions in all cells especially in those that lack the
mitochondria and nucleus like the red blood cell. It provides the
reducing capacity for the red blood cells to reduce harmful
substances like hydrogen peroxide (H2O2). The generation of
reduced glutathione is a key product in the control of oxidative
damage in erythrocytes [10-11].
By preserving and regenerating reduced forms of glutathione
as well as promote the stability of catalase, NADPH plays a major
role in a cell's ability to withstand oxidant stress [12].
MATERIALS AND METHOD
The study was cross-sectional in nature and was conducted in
three medical facilities in Lagos. Participants who consented to
the study were grouped by sex: Males (Group A) and Females
(Group B). 2ml venous blood collected in acid citrate dextrose
(ACD) bottles was used for G6PD assay using Randox kits.
G6PD activity was measured in RBC over a 5mins interval at
370C. G6PD normal controls were run concurrently. Results were
standardized with respect to total protein content and reported in
the international units per gram of hemoglobin (U/gHb).
Absorbance were read at 365nm using a UV spectrophotometer.
Malaria parasite density (MPD) estimation was conducted
according to WHO standard procedure.
Interviewer
administered semi-structured questionnaires to capture
information on reactions to medications were used.
Inclusion criteria for the study includes:
Blood samples slides positive for P. falciparum, with MPD not
<200 parasites/µL and willingness to participate in the study at no
cost to the investigator. Exclusion criteria were patients with

hemoglobin (Hb) < 12.0g/dl for males and < 11.0g/dl for females.
Results were communicated to participants and appropriate
counseling made where necessary.
Data analysis:
The data generated in this study were analysed using SPSS
11.0 statistical software. Comparison of continuous variables was
done with ANOVA, while comparison of proportions was done
using Chi-square test. Test for significance was set at P value less
than 0.05 at 95% confidence limit.
RESULTS AND DISCUSSION
In Nigeria, preponderance of private medicine vendor (PMV)
trading outlets are common place which also serve as a catalyst
for indiscriminate self administration of drugs especially as it
pertains to malaria which is a household name among numerous
tropical diseases. G6PD is not a routine test even in Ante-natalclinical setting, yet sulfadoxine-pyrimethamine (SP) is adopted
as a model for Intermittent Preventive Treatment (IPT) of malaria
in pregnancy. There is also paucity of data on the contribution of
G6PD to adverse drug reactions and malaria pathogenesis.
Our study was designed to test for G6PD deficiency and
possible link to adverse drug reaction. Previous studies have
confirmed the prevalence of G6PD A- in the context of malaria
protection in Nigeria [13-16].
A total of 100 participants, comprising 44 males (group A) and
56 females [group B] were recruited for the study. Of these, 28
were G6PD enzyme deficient and 72 had normal G6PD enzyme
activity. The mean G6PD activity for group A was 11.7485±5.05
U/gHb and 11.4403±4.55 U/gHb for group B with no apparent
difference between the two as shown in Table 1. Also, G6PD
deficiency was similar in males 12 (27.3%) and in females
16(28.6%); (P=0.885) as shown in Table II.

Table 1: Summary of the mean values for Age, Haemoglobin, MPD and G6pd activity
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Table 2: G6PD activity distribution with sex

X2 = 0.834

df =2

P = 0.885

Table 3: G6PD activity and mean parasite density

F= 0.539

P=0.585

Table 4: GThe relationship between G6PD activity and Adverse drug reaction (ADR) among G6PD
deficient individuals; n=28

GROUP A: P=0.659

GROUP B: P=0.528

KEY: NR (No reaction); CQ (Chloroquine); SP (Sulphadoxine-Pyrimethamine)
*Total case of G6PD deficient individuals; n=28
*Reported cases of adverse drug reaction in the group; n=12
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There was no statistical difference in G6PD activity with
malaria parasite density (P=0.585) despite the fact that those with
low G6PD activity had lower MPD than those with normal G6PD
activity (415.57 ± 297.07U/gHb and 697.86 ± 1516.42/gHb
respectively) as shown in Table III. Similar results have been
reported elsewhere [17-19]. Others have reported a positive effect
of G6PD deficiency on MPD reduction [20-22].
Over the years, Studies of G6PD deficiency and malaria
reduction or protections have been hypothetic and contentious.
Different results were found in studies of the Mediterranean
variant, where no differences in malaria invasion and growth of
G6PD deficient and non-deficient cells were found [23].
Similarly, conflicting results have been reported about whether
hemizygous G6PD deficient males have protection against
malaria [24-26]. According to [9], the gene that codes for G6PD
activity is on the X- Chromosomes and hence one of the two
G6PD alleles present in females is subject to inactivation.
Variable X-Chromosomes inactivation means that expression of
G6PD deficiency differs markedly among female heterozygotes
as their red blood cell populations are variable mosaics of
deficient and normal cells [27].
Finally, our study also showed that, among the G6PD
deficient individuals (n=28), some of them reported adverse drug
reactions (n=12). However, it was not statistically significant (P=
0.659 and P=0.528 in group A and B respectively) as in Table IV.
Adverse Drug reactions (ADRs) in G6PD deficient subjects is
an age-long issue and dates back to 1926, when hemolytic anemia
arising from the administration of anti-malaria, primaquine, was
reported and 24years later (1950), G6PD deficiency was
considered to be culpable [28]. Most common biological features
of ADRs in G6PD deficient patients include: rapid fall in
hemoglobin, Heinz bodies' accumulation, increased Fe2+, protein
and dark brown urination. In most cases, these conditions are selflimiting but can be fatal as well. The use of Sulphonamide for the
treatment of malaria (in combination with quinine sulfate and
pyrimethamine), has been shown to produce shortening of the life
span of RBC [29].
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CONCLUSION
There was no association between G6PD activity and adverse
drug reaction in our present study. A more expanded study to
include 1000 pregnant women on IPT and correlation with
pregnancy outcome is presently on-going.
ACKNOWLEGDEMENT
We wish to thank members of staff of The Department of
Microbiology and Parasitology, College of Medicine, University
of Lagos for their support.
REFERENCES
1.

World Health Organization. TDR News. 2007: No.77.

2.

Weatherall DJ. The challenge of hemoglobinopathies in
resource-poor countries. Br J
Hematol. 2011. 10: 13652141

17.

Beutler E, Kunl N, Vives-Corrons JL and Prchal JT.
Molecular heterogeneneity of Glucose-6-phosphate
dehydrogenase deficiency. Blood. 1989: 74:2550-2555

Powell RD and Brewster GJ. Glucose-6-phasphate
deficiency and falciparum malaria. Am.J. Trop. Med. Hyg.
1965: 14:358-362.

18.

El-Nageh MM, Henek CC, Appel W, Vandepitte J,
Engbaek K and Gibbs WN. Basics of quality assurance
for intermediate and peripheral Laboratory. WHO

Luzzatto L, Usanga E, and Reddy S. Glucose-6-phosphate
dehydrogenase deficient red cells: Resistance to infection
by malaria parasites. Science. 1969: 164:839-841.

19.

Oyibo WA, Orok AB, Agomo CO and Iboma G. (2009).
Empirical study of the prevalence of Glucose-6-phosphate

3.

4.

618

Asian J. Pharm. Hea. Sci. | Jan-Mar 2013 | Vol-3 | Issue-1
Dehydrogenase (G6PD) enzyme deficiency and protection
against Plasmodium falciparum malaria in Lagos state. Nig
Hosp Pract. 2009: 3 (6): 84-89.
20.

Alison AC and Clyde DF. Malaria in African Children with
deficient erythrocyte glucose-6-phosphate dehydrogenase.
British Medical Journal. 1961: 1:1346-1349.

21.

Beutler T. G6PD deficiency and malaria in black Americans
in Vietnam. Military Med. 1973: 138:153-155.

22.

Kar S, Seth S and Seth PK. Prevalence of malaria in Ao
Nagas and its association with G6PD and HbE. Hum Biol.
1992: 64:187.

23.

Cappadoro M, Giribaldi G, O'Brien E, Turrini F, Mannu
F, Ulliers D, Simula G, Luzzatto L and Arese P. Early
phagocytosis of Glucose-6-phosphate Dehydrogenase
(G6PD) Deficient Erythrocytes parasitized by Plasmodium
falciparum may explain malaria protection. Blood. 1998:
92:2527-2534.

24.

Luzzatto L, Sodeinde O and Martini G. “Genetic Variation
in the host and adaptive phenomena in Plasmodium
falciparum infection”. In malaria and the Red Cell. Ciba
Foundation Symbosium No.94. London: Pitman. 1983:

Pp.159-173.
25.

Ruwande C, Khoo SC, Snow
RW, Yates
SNR,
Kwiatkowski D, Gupta A, Warn P, Allsopp C E M,
Gilbert SC, Peschu N, Newbold CI, Hreenwood BM,
Marsh k, Hill AVS. Natural Protection of hemi-and
heterozygotes for G6PD deficiency in Africa by resistance
to severe malaria. Nature. 1995: 376:246-249.

26.

Tishoff SA, Varkonyi R, Cahinhinan N, Abbes S and
Argyropollos G.
Haplotype diversity and linkage
disequilibrium at human G6PD: Recent origin of alleles
that confer malarial resistance. Science. 2001: 293:455462.

27.

Prchal JT and Gregg XT. Red Cell Enzymopathies. In:
Haematology Basic Principles and Practice. (ed. R.
Hoffman and Benz E ). 2005: pp 653-659. 4th ed.

28.

Beutler E, Duparc S and the G6PD deficiency working
group. Glucose-6-Phosphate dehydrogenase deficiency
and antimalarial drug development. Am J Trop Med Hyg.
2007: 77 (4): 779-789.

29.

Beutler E. G6PD Deficiency. Blood. 1994: 84:3813-3636.

619

