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Glutathione S-Transferase Activity of Three
Erythrocyte Genotypes of Human Participants
Treated with Pyrimethamine/Sulphadoxine and

Quinine

Paul Chidoka Chikezie

Abstract- Studies to ascertain levels of erythrocyte glutathione
Stransferase  (Ery-GST) activity of non-malarious and
malarious male participants of HbAA, HbAS and HbSS
erythrocyte genotypes treated with pyrimethamine/sulpha-
doxine mixture and quinine were carried out. Incubation of
erythrocytes with 1-chloro-2, 4-dinitrobenzene (CDNB) caused
quantitative conjugation of reduced glutathione (GSH) to
produce S-(2, 4-dinitrophenyl) glutathione, which formed the
bases for the measurement of Ery-GST activity using a
spectrophotometer. Blood samples were drawn from treated
non-malarious and malarious participants at time intervals of 0,
3, 6 and 18 h and measured for Ery-GST activity. The control
values of Ery-GST activity of non-malarious and malarious
participants were within the ranges of 3.27 = 0.13 — 12.50 =
1.58 IU/gHb and 2.75 = 0.16 — 1221 = 1.20 IU/gHb
respectively. Ery-GST activity of malarious participants was
significantly (o < 0.05) lower than that of the malarious
participants, except that of parasitized HoSS erythrocytes.
Generally, Ery-GST activities in the presence of the two
antimalarials exhibited a biphasic profile. The first phase
showed decreasing levels of Ery-GST activity at £ < 6 h
following the administration of pyrimethamine/sulphadoxine
mixture and quinine to the non-malarious and malarious
participants. In the second phase, Ery-GST activity increased
when experimental / > 6 h. The overall pattern of Ery-GST
activity within the experimental time (0 < # < 18 h) showed
evidence of antimalarial induced disturbance of erythrocyte
homeostasis, which could be of relevance from toxicological
standpoints and for monitoring therapeutic events in malarial
disease.

Keywords. glutathione S-transferase activity, erythrocy-
tes, pyrimethamine/sulphadoxine, quinine, 71-chloro-2, 4-
dinitrobenzene (CONB).

. INTRODUCTION

yrimethamine (250 mg)/sulphadoxine (50 mg)
mixture is commonly used for prophylaxis and
treatment of certain strains of Pasmodium
falciparum that are resistant to chloroquine (Bray ef al.,
1998) and usually sold under the trade mark name of
Fansidar™. The drug combination effectively blocks two
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enzymes involved in the biosynthesis of folinic acid
within the parasite (Milhous ef a/, 1985). Quinoline
blood schizontocides behave as weak bases when
concentrated in  food vacuoles of susceptible
Plasmodia, where it causes increase in vacuolar pH,
inhibits peroxidase activity of haem and thereby,
disrupts non-enzymatic polymerization of ferroproto-
porhyrin IX (FPIX) - haemin to haemozoin. The failure to
inactivate FPIX kills the parasite via oxidative damage to
membranes, digestive proteases and possibly other
critical biomolecules of the parasite (Ducharme and
Farinotti, 1996).

Enzyme studies have revealed a collection of
protein molecules with common characteristic high
affinity for reduced glutathione (GSH). Several of these
protein molecules have been isolated from rat and
human liver (Ketley et al/, 1975; Awasthiet a/, 1981;
Hayes and Pulford, 1995), pigeon, locust gut, housefly
and other sources (Ketleyet a/, 1975) and
characterized. These protein molecules are classified
based on their enzymatic activities as glutathione &
transferase (GST. EC: 2.5.1.18) (Jacoby, 1976). The
functions of GSTs are classified into two general
categories (Harvey and Beutler, 1982).As intracellular
binding proteins (Mannervik and Danielson, 1988; Hiller
et al, 2006), GSTs on a broad scale function as
solubilizing and transport proteins, analogous to the
extracellular functions of albumin (Boyer and Oslen,
1991; Oakley ef al, 1999). Also, GSTs catalyze the
conjugation of electrophilic groups of hydrophobic
drugs and xenobiotics to form glutathione-thioethers
(Board et al, 1990). Thio-ethers are eventually
converted to mercapturic acid by the sequential actions
of gamma-glutamyl transpeptidase, depeptidase and N-
acetylase (Habiget al, 1974; Mannervik and Danielson,
1988).

GST activity has been implicated in the
acquisition of drug resistance (Black and Wolf, 1991).
However, the role of GST activity in malaria resistance
has not been studied, except by Dubois et a/, (1995)
who reported that drug-resistant  FPlasmodium
berghei resulted from altered GST activity (Srivastava et
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al, 1999). The present study ascertained the
comparative levels of erythrocyte glutathione &
transferase (Ery-GST) activity of non-malarious and
malarious male participants of HbAA, HbAS and HbSS
erythrocyte genotypes treated with pyrimethamine/
sulphadoxine mixture and quinine.

[I.  MATERIALS AND METHODS

a) Anti-malarials

Fansidar™ (Swiss (Swipha) Pharmaceuticals
Nigeria Ltd) and quinine (BDH, UK), were purchased
from Cimpok Pharmaceuticals, Amakhohia, Owerri,
Nigeria.

b) Selection of participants/experimental design

Fifteen (n = 15) malarious males (59 - 79 kQ)
infected with antimalarial susceptible strain  of
Plasmodium falciparum and twenty (7 = 20) non-
malarious male participants (61 - 73 kg), both of
confirmed HbAA, HbAS and HbSS genotypes enrolled
for this study. The malarious participants were
individuals attending clinics at the Federal Medical
Center (FMC), St. John Clinic/Medical Diagnostic
Laboratories, Avigram Medical Diagnostic and Research
Laboratories, and Qualitech Medical Diagnostic
Laboratories. All laboratory investigations were carried
out at Avigram Medical Diagnostic and Research
Laboratories, Owerri, Imo State, Nigeria. The malarious
participants were within the age brackets of 21 - 34
years old, whereas the non-malarious participants were
within the age brackets of 20 - 28 years old. All
participants were administered with single dose of
pyrimethamine/sulphadoxine mixture and quinine, each
according to the following specifications,
[pyrimethamine] = 14.9 mg/kg: [sulphadoxine] = 2.9
mg/kg and [quinine] = 5.9 mg/kg. Specifically, nine (n
= 9) and six (7 = 6) of the malarious participants
received pyrimethamine/sulphadoxine mixture and
quinine respectively. For comparative study, the 20 non-
malarious participants were administered with the same
doses of the two antimalarials, of which eleven (n = 11)

and nine (n = 9) of the participants received
pyrimethamine/sulphadoxine  mixture and  quinine
respectively.

The participants were randomly selected
between June and August 2012. Exclusion criteria
include; gastrointestinal tract infection, protein energy
malnutrition, renal diseases, cirrhosis, hepatitis,
obstructive  jaundice, cancer, diabetes mellitus,
hypertension, obesity, smoking, alcoholism, persons
living with HIV, patients taking anti-malaria drugs and
vitamin supplements, patients who have been treated
for malaria in the past 2 months (Onyesom and
Onyemakonor, 2011; Idonijeet al., 2011).
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c) Ethics

The Ethical Committee of University of Port
Harcourt, Port Harcourt, Nigeria, approved the study in
compliance with the Declaration on the Right of the
Patient (WMA, 2000). Before enrolment for the study, the
patients/participants  involved signed an informed
Consent Form.

d) Collection of blood specimen and preparation of
erythrocyte haemolysate

Blood samples were drawn, using 5.0 mL
capacity disposable syringes, from treated non-
malarious and malarious participants at time intervals of
0, 3, 6 and 18 h. Erythrocytes were separated from the
blood samples and washed by centrifugation methods
of Tsakiris et al, (2005) with modifications according to
Chikezie, (2011). Within 15 min of collection of blood
samples, portions of 3.0 mL of the samples were
introduced into centrifuge test tubes containing 3.0 mL
of buffer solution pH = 7.4: 250 mM tris (hydroxyl
methyl) amino ethane-HCI (Tris-HCI)/140 mM NaCl/1.0
mM MgCl,/10 mM glucose). The erythrocytes were
separated from plasma by centrifugation at 1200 x g for
10 min and washed 3 times by the same centrifugation
method with the buffer solution. The pelleted
erythrocytes were re-suspended in 3.0 mL of phosphate
buffer saline (PBS) solution and passed twice through
newly packed columns (3.5 cm in a 30 mL syringe) of
cellulose-microcrystalline cellulose (ratio 1:1; w/) to
obtain erythrocyte suspension sufficiently devoid of
leucocytes and platelets. The pelleted erythrocytes were
finally re-suspended in 6.0 mL of PBS to obtain
approximately 10% haematocrit according to Chikezie ef
al, (2012). A 2.0 mL portion of the separate pelleted
erythrocyte genotypes were lysed by freezing/thawing
as described by Galbraith and Watts, (1980) and
Kamber ef al., (1984). The erythrocyte haemolysate was
used for the measurement Ery-GST activity.

e) Malara parasite density test

Portion of 2.0 mL of the blood samples were
collected into EDTA bottles for malaria parasite
tests. Measurement of parasite density of peripheral
blood smear was by Giemsa stained techniques. The
films were examined microscopically using X100
objective under oil immersion (Cheesbrough, 1998).
Participants with parasitaemia levels within the range of
1000 to 9999/uL were used for the present study.

1) Erythrocytes haemolysate haemoglobin concen-
tration

A modified method (Baure, 1980), based on

cyanomethaemoglobin reaction was used for the

determination of haemolysate haemoglobin concen-

tration. The expressed values were in grams per deciliter

(g/dL). A 0.05 mL portion of erythrocyte haemolysate



NaCN and 300 mg K,Fe(CN)g per liter). The mixture was
left to stand for 10 min at room temperature (‘25" ‘+’'and
‘5°C’) and absorbance read at Amax = 540 nm against
a blank. The absorbance was used to evaluate
haemolysate haemoglobin concentration by comparing
the values with the standards.

g) Envthrocyte glutathione S-transferase

Ery-GST activity was measured by the method
of Habig et al., (1974) as described by Pasupathi ef a;
(2009) with minor modifications according to Chikezie et
al, (2009). The reaction mixture contained 1.0 mL of 0.3
mM phosphate buffer (opH = 6.5), 0.1 mL of 30 mM 1-
chloro-2, 4-dinitrobenzene (CDNB) and 1.7 mL of
distilled water. After pre-incubating the reaction mixture
at 37°C for 5 min, the reaction was started by the
addition of 0.1 mL of erythrocyte haemolysate and 0.1
mL of GSH substrate. The absorbance was measured at
time intervals of 30 s for 5 min at Amax = 340 nm. Ery-
GST activity was expressed in international unit per
gram haemoglobin  (IU/gHb) wusing an extinction
coefficient () of 9.6 mM™ cm™in a reaction mixture in
which 1 mole of GSH was oxidized (Equation 1).
Calculation of Ery-GST activity

100 0D /min v
E, = x 22/ X —= Equation 1
(Hb) z Vi

Where,

E,= Enzyme activity in IU/gHb

[Hb] = Haemolysate haemoglobin concentration (g/dL)
OD/min = Change per min in absorbance at 340 nm.

V¢ = Cuvette volume (total assay volume) = 3.0 mL.

V, = Volume of haemolysate in the reaction system
(0.05 mL).

h) Statistical analyses

The experiments were designed in a completely
randomized method and data collected were analyzed
by the analysis of variance procedure while treatment
means were separated by the least significance-
difference (LSD) incorporated in the statistical analysis
system (SAS) package of 9.1 version (2006). The
correlation coefficients between the results were
determined with Microsoft Office Excel, 2010 version.

I11. RESULTS

The reference values of Ery-GST activity of male
participant of HbAA, HbAS and HbSS genotypes is
presented in Table 1.Ery-GST activity of the human
erythrocyte genotypes was in the order: HoSS > HbAS
> HbSS. The control values of Ery-GST activities of non-
malarious and malarious male participants were within
the ranges of 3.27 = 0.13 — 12,50 = 1.58 IU/gHb and
2.75 = 0.16 - 12.21 = 1.20 IU/gHb respectively.

7able 7 . Erythrocyte glutathione Stransferase activity of male participants administered with
pyrimethamine/sulphadoxine mixture and quinine at =0 h

Ery-GST Activity (IU/gHb)

NMAL MAL
Genotype PS (n=11) Q(n=9) PS (n=19) Q (n=16)
HbAA 3.40 = 0.05°¢ 3.27 = 0.13%¢ 2.81 = 0.76°¢ 252 + 0.23°¢
HbAS 425+ 0.10° 4.30 = 0.07° 2.75 + 0.16° 2.79 = 0.11°
HbSS 12.50 = 1.58% 11.65 = 1.202 12.19 = 1.762 1221 =113

Means with the different leiters are significantly different at p > 0.05. NMAL: non-malarious participants;, MAL. malarious
participants, PS. pyrimethamine/sujphadoxine mixture; Q. quinine, n. number of male participants.

A comparative overview of Ery-GST activities of
three erythrocyte genotypes of participants treated with
pyrimethamine/sulphadoxine mixture and quinine, within
the experimental time intervals of 0 h < f < 18 h, are
summarized in Figures 1, 2 and 3. The Ery-GST activity
was presented as relative enzyme activity (%) at the
given experimental time intervals to that of the enzyme
activity at f=0h.
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Figure 7 : Relative erythrocyte glutathione S-transferase activity of HbAA genotype of male participants administered
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered
with quinine

Prior to administration of the two antimalarials to
the participants, Ery-GST activites of the three
genotypes were in the increasing order: HbSS > HbAS
> HbSS. The profiles of Ery-GST activities of the three
erythrocyte genotypes were irrespective of malarial
status of the participants. However, there was no

significant difference (p > 0.05) in Ery-GST activity
between HbAA and HbAS erythrocytes (Figures 1 and
2). Furthermore, Ery-GST activities of parasitized
erythrocytes were significantly (o < 0.05) lower than that
of non-malarious participants, except Ery-GST activity of
HbSS erythrocyte genotype.
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Figure 2 . Relative erythrocyte glutathione S-transferase activity of HbAS genotype of male participants administered
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered
with quinine

Ery-GST activity of malarious participants of
HbAS genotype gave the lowest level enzyme activity at
t = 6 h following the administration of quinine (Figure 2),

whereas malarious participants of HbSS genotype gave
peak Ery-GST activity = 12,58 +1.50 IlU/gHb at = 18 h
(Figure 3).
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Figure 3 : Relative erythrocyte glutathione S-transferase activity of HbSS genotype of male participants administered
with pyrimethamine/sulphadoxine mixture and quinine. NMAL PS: non-malarious male participants administered with
pyrimethamine/sulphadoxine mixture; MAL PS: malarious male participants administered with pyrimethamine/sulphadoxine
mixture; NMAL Q: non-malarious male participants administered with quinine; MAL Q: malarious male participants administered

with quinine

Generally, the patterns of Ery-GST activities in
the presence of the two antimalarials exhibited a
biphasic profile. The first phase showed decreasing
levels of Ery-GST activity within # < 6 h following the
administration of pyrimethamine/sulphadoxine mixture
and quinine to the non-malarious and malarious male
participants. In the second phase, Ery-GST activity
increased when the experimental /> 6 h.

IV.  DISCUSSION

Human GST activity, though not routinely
assayed in clinical laboratories, could serve as a useful
marker enzyme in diagnostic pathology. For instance,
over-expression of GST in erythrocytes of patients with
chronic renal failure (Galli et a/., 1999) and uremia (Galli
et al, 1999; Carmagnol et al, 1981) have received
immense attentions and documentations. Patients with
hepatocellular damage present elevated plasma GST
activity (Mulder ef al, 1999; Beckett and Hayes, 1993).
In addition, low GST activity consequent upon impaired
placental detoxification pathways may represent a risk
factor for recurrent early pregnancy loss (Zusterzeel et
al, 2000) and as an indicator of oxidative stress at birth
(Neefies et al, 1999). The level of expression of GST
could provide useful diagnostic parameter in carcinoma
of the breast (Forrester ef a/,, 1990) and bladder (Engel
et al., 2002).

The present report showed that Ery-GST activity
of the human erythrocyte genotypes was in the order:
HbSS > HbLAS > HbSS (Table 1), which was in
concordance with previous findings (Anosike ef ar,
1991). According to Shalev et a/, (1995), comparative

raised levels of Ery-GST activity of HbSS genotype was
the outcome of corresponding raised levels of oxidants
in this erythrocyte genotype. The intermediate level of
Ery-GST activity of HbAS erythrocytes was a reflection of
the hybrid nature of heterogeneous erythrocyte
(Anosike et al., 1991).

Previous investigations by Sarin ef a/, (1993)
revealed that parasitaemia caused decreased levels of
enzyme activities associated with the glutathione system
such as glutathione peroxidase (GPx), glutathione
reductase (GRx) and GST activities of erythrocyte
lysates. Accordingly, the present study showed that Ery-
GST activities of parasitized erythrocytes of HbAA and
HbAS genotypes exhibited significant (o < 0.05)
decreased levels of enzyme activity compared to
corresponding Ery-GST  activity of non-malarious
participants (Figures 1 and 2), which corroborated the
findings of Sohail ef al, (2007). Therefore, low level of
Ery-GST activity probably served as host defense
strategy against the malarial parasites through up-
regulation of oxidative protection mechanisms. In
addition, Ery-GST activity served as a biomarker for
diagnostic and therapeutic events in malaria. For similar
purposes and reasons, reports have equally shown that
patients infected with the malarial parasites (Becker ef
al., 2004; Kavishe ef al., 2006) and causative organism of
visceral Leishmaniasis (Neupane ef a/., 2008) exhibited
lower plasma levels of reactive oxygen and nitrogen
species (RONS) antagonist such as glutathione (GSH),
catalase and a-tocopherol than in the control groups.
Therefore, inoculation of malarial parasites into biologic
systems, most probably,elicitsthe production of reactive
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oxygen species (ROS) as a part of host defense strategy
against the invading parasites (Becker ef al, 2004). The
non-significant difference (p > 0.05) in Ery-GST activity
between the non-malarious and malarious participants
of HbSS genotype (Figure 3), implied that the host
HbSS erythrocytes did not turn on the oxidative up-
regulatory pathways that are involved in the control
measures and elimination of the parasite. Expectedly,
the perpetual high oxidative state of HbSS erythrocytes
(Anosike ef al, 1991) provided and sustained the
requisite anti-fecundity capabilities of this erythrocyte
genotype against the malarial parasites.

Furthermore, low levels of Ery-GST activity of
malarious participants was in connection with malarial
pathophysiology described elsewhere (Dubios et al,
1995, Liebau ef al, 2002). The ingestion and degradation
of large quantities of haemoglobin by malarial parasite
elicits the generation of potentially parasitotoxic FPIX.
Accordingly, FPIX efficiently binds to P. falciparurm GST
(pfGST) (Harwaldt ef al, 2002) as well as to Ery-GST,
preferably to the GST-GSH complex (Hiller ef a/., 2006),
and thereby, engenders uncompetitive inhibition of
the GSTs.

In the first phase enzyme activity profile, Ery-
GST showed decreasing level of activity with
progression of experimental time, which was in
concordance with previous reports (Mannervik and
Danielson, 1988; Ayalogu et a/., 2001; Hiller et a/., 2006).
The second phase showed evidence of recovery and
activation of Ery-GST activity, exemplified by increasing
level of the enzyme activity with increasing experimental
time. The positive activation of Ery-GST activity in the
second phase of Ery-GST activity profile was the
outcome of generation and accumulation of ROS
associated with the molecular events of the first phase
enzyme activity profile. Therefore, ROS induced positive
activation of Ery-GST activity served as a measure to
detoxify and neutralize the cytotoxic ROS, in efforts to
restore erythrocyte homeostasis. In agreement with the
present findings, Hayes and Pulford, (1995) had
proposed that cellular GST activity was under the
regulatory mechanism of ROS and activation of GST
activity can be considered as an adaptive response for
the detoxification of cytotoxic carbonyl-, peroxide and
epoxide-containing metabolites released in the cell by
oxidative stress.

The overall pattern of Ery-GST activity within the
experimental time (0 < f < 18 h) showed evidence of
antimalarial induced disturbance of erythrocyte
homeostasis, which could be of relevance from
toxicological standpoints and for monitoring therapeutic
events in malarial disease.

REFERENCE REFERENCES REFERENCIAS

1. Anosike EO, Uwakwe AA, Monanu MO, Ekeke GI.
(1991). Studies on human erythrocyte glutathione-S

© 2014 Global Journals Inc. (US)

10.

11,

12.

13.

14.

transferase from HbAA, HbAS and HbSS subjects
Biochima Biomedica Acta 50:1051-1055.

Awasthi YC, Garg HJ, Dao DD, Partridge CA,
Srivastiva SK. (1981). Enzymatic conjugation with 1-
chloro-2,-4-dinitrobenzene. The fate of glutathione

conjugates in erythrocytes and the effect of
glutathione depletion on hemoglobin.  Blood
58(4):733-773.

Ayalogu EO, Igboh NH, Dede EB. (2001).

Biochemical changes in and liver of albino rats
exposed to petroleum samples (gasoline, kerosene,
and crude petroleum). Journal of Applied Science
and Environmental Management 5(1):97-100.

Baure JD. (1980). Laboratory investigation of
hemoglobin. /n: Gradwoh!'s Clinical Laboratory
Methods and Diagnosis. Sonnenwirth AC, Jarett L,
(Eds). St. Louis Mosby. MO. pp. 809-902.

Becker K, Tilley L, Vennerstron JL, Roberts D,
Rogerson S, Ginsburg H. (2004). Oxidative stress in
malarial — infected erythrocytes host — parasite
interactions. /nternational Journal of Parasitology
34:163-189.

Beckett GJ, Hayes JD. (1993). Glutathione S-
transferases: biomedical applications. Advanced
Clinical Chemistry 30:281-380.

Black SM, Wolf CR (1991).The role of glutathione
dependent enzyme in drug resistance. Pharmaco-
logical Therapeutics 51:139-154.

Board P, Coggan M, Johnston P, Ross V, Suzuki T,
Webb G. (1990). Genetic heterogeneity of the
human glutathione transferases; a complex of gene
families. Pharmacological Therapeutics 48(3):357-
3609.

Boyer TD, Oslen E. (1991). Role of glutathione-S
transferase in  heme transport.  Biochemical
Pharmacology 42:188-190.

Bray PG, Mungthin M, Ridley RG, Ward SA. (1998).
Access to hematin: the basis of chloroquine
resistance. Molecular Pharmacology 54:170-179.
Carmagnol F, Sinet PM, Rapin J, Jerome H. (1981).
Glutathione S-transferase of human red blood cells;
assay, values in normal subjects and in two
pathological circumstances: hyperbilirubinemia and
impaired renal function. Clinica Chima Acta 117:209
217.

Cheesbrough M. (1998). District laboratory practice
in tropical countries. Cambridge University Press,
Cambridge. pp. 246-250.

Chikezie PC, Akuwudike AR, Chikezie CM. (2012).
Membrane stability and methaemoglobin content of
human erythrocytes incubated in aqueous leaf
extract of Nicotiana tabacum product. Free Radical
and Antioxiaants 2 (4):56-61.

Chikezie PC, Chikezie CM, Uwakwe AA, Monago
CC. (2009). Comparative study of glutathione &
transferase activity of three human erythrocyte



15.

16.

17.

18.

19.

20.

21.

22.

283.

24,

25.

genotypes infected with Plasmodium falciparum.
Journal of Applied Science and Environmental
Management13(3):13-18.

Chikezie PC. 2011. Glutathione S-transferase
activity of human erythrocytes incubated in aqueous
solution of five antimalarial drugs. Free Radical and
Antioxidants 1(2):25-9.

Dubois VL, Platel DFN, Pauly G, Tribouley DJ.
(1995).  Plasmodium  berghel; Implication  of
intracellular glutathione and related enzymes
inchloroquine resistance in  vivo. Experimental
Parasitology 81:117-124.,

Ducharme J, Farinotti R. (1996). Clinical
pharmacokinetics and metabolism of chloroquine:
focus on recent  developments. Clinical
Pharmacokinetics 31:257-274.

Engel LS, Taioli E, Pfeiffer R, Garcia-Closas M,
Marcus PM. (2002). Pooled analysis and meta-
analysis of glutathione S-transferase M1 and
bladder cancer: A HUGE review. American Journal
of Epidermiology 156:95-109.

Forrester LM, Hayes JD, Millis R, Barnes D, Harris
AL, Schlager JJ, Powis G, Wolf CR. (1990).
Expression of glutathione S&transferases and
cytochrome P450 in normal and tumor breast tissue.
Carcinogenesis 11:2163-2170.

Galbraith DA, Watts DC. (1980). Changes in some
cytoplasmic enzymes from red cells fractionated
into age groups by centrifugation in Ficoll™/Triosil™
gradients. Comparison of normal human and
patients with  Duchenne muscular dystrophy.
Biochemical Journal 191:63-70.

Galli F, Rovidati S, Benedettis S, Buoncristiani U,
Covarelli C, Floridi A, Canestrari F. (1999). Over
expression of erythrocyte glutathione S-transferase
in uremia and dialysis. Clinical Chemistry 45:1781-
1788.

Habig WH, Pabst MJ, Jacoby WB. (1974).
Glutathione Stransferases: the first enzymatic step
in mercapturic acid formation. Journal of Biological
Chemistry 249.7130-7139.

Harvey JW, Beutler E. (1982). Binding of heme by
glutathione  Stransferase: The first step in
mercapturic acid formation. Journal of Biological
Chemistry 245:7130-7139.

Harwaldt P, Rahlfs S, Becker K. (2002). Glutathione
Stransferase of the malaria parasite Pasmodium
falciparum characterization of a potential drug
target. Biological Chemistry 383:821-830.

Hayes JD, Pulford DJ. (1995). The glutathione &
transferase superfamily. Regulation of GST and the
contribution of the isoenzymes to cancer
chemoprotection and drug resistance. Critical
Review of Biochemistry and Molecular Biology
30:445-600.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Hiller N, FritzWolf K, Deponte M, Wende W,

Zimmerman H, Becker K. (2006). Plasmodum
falciparum glutathione Stransferase structural and
mechanistic studies on ligand binding and enzyme
inhibition. Protein Science 15:281-289.

Idonije OB, Festus O, Okhiai O, Akpamu U. (2011).
Comparative study of the status of a biomarker of
lipid peroxidation (malondialdehyde) in patients with
Plasmodium  falciparum  and Piasmodium
vivaxmalaria infection. Asian Journal of Biological
Science 4:506-513.

Jacoby WB. (1976). Glutathione-S transferase: A
group of multifunctional detoxification proteins. /n:
Advances in Enzymology (Meister A. (Ed) John-
Wiley Interscience. New York. 40:383-414.

Kamber K, Poyiagi A, Delikonstantinos G. (1984).
Modifications in the activities of membrane-bound
enzymes during /7 vivo ageing of human and rabbit
erythrocytes.  Comparative  Biochemistry — and
Physiology B. 77B:95-99.

Kavishe RA, Koenderink JB, McCall MB, Peters WH,
Mulder B, Hermsen CC, Sauerwein RW, Russel FG,
Van Der Ven JA. (2006). Severe Flasmodium
falciparum malaria in Cameroon: Associated with
the glutathione S-transferase M1 null genotype.
American Journal of Tropical Medicine and Hygiene
75(5):827-829.

Ketley JN, Habig, WH Jacoby WB. (1975). Binding
of non- substrate ligand to glutathione-S-transferase
from human erythrocyte. Archive of Biochemistry
and Biophysics 188:287-298.

Liebau E, Bergmann B, Campbell AM, Teesdale—
Spittle P, Brophy PM, Luersen K, Walter R (2002).
The glutathione S-transferase from Plasmodium
falciparum. Molecular Biochemistry and
Parasitology 124:85-90.

Mannervik B, Danielson UH. (1988). Glutathione
transferases-structure and catalytic activity. CRC
Critical Review of Biochemistry 23:283-337.

Milhous WK, Norman FW, Jean HB, Robert ED.
(1985). /n vitro activiies and mechanism of
resistance to antifol antimalarial drugs. Antirmicrobial
Agents Chemotherapy 1985:525-530.

Mulder TPJ, Court DA, Peters WHM. (1999).
Variability of glutathione Stransferase o in human
liver and plasma. Clinical Chemistry 45:355-359.
Neefies VME, Evelo CTA, Bears LGM, Blanco CE.
(1999). Erythrocyte glutathione S-transferase as a
marker of oxidative stress at birth. Archive of
Diseases Child Fetal Neonatal Education 81:F130 -
F133.

Neupane DP, Majhi S, Chandra L, Rijal S, Baral N.
(2008). Erythrocyte glutathione status in human
visceral Leishmaniasis. /nternational Joumnal of
Clinical Biochemistry 23(1):95-97.

© 2014 Global Journals Inc. (US)

E Year 2014

(B)



Year 2014

—
[\S}

(B)

38.

39.

40.

41,

42,

43.

44,

45.

46.

47.

Oakley AJ, Lo Bellow M, Nucceteli M, Mazzetti AP,
Parker MW. (1999). Theligandin (non-substrate)
binding site of human pi class glutathione
transferase is located in the electrophile binding
sited (H-Site). Journal of Molecular Biology 291:913-
926.

Onyesom |, Onyemakonor N. (2011). Levels of
parasitaemia and changes in some liver enzymes
among malarial infected patients in Edo-Delta
Region of Nigeria. Current Research Journal of
Biological Science 3(2):78-81.

Pasupathi P, Chandrasekar V, Kumar US. (2009).
Evaluation of oxidative stress, antioxidant and
thyroid hormone status in patients with diabetes
mellitus. Journal of Medicine 10:60-66.

Sarin K, Kumar A, Prakash A, Sharma A. (1993).
Oxidative  stress and antioxidant  defense
mechanism in Plasmodium vivax malaria before and
after chloroquine treatment. /nfernational Journal of
Malaria 30(3):127-133.

Shalev O, Repka T, Goldfarb A, Grinberg L,
Abrahamov A, Olievieri NF. (1995). Deferiprone (L1)
Chelates pathologic iron deposits from membranes
of intact thalasaemic and sickle red blood cells both
/nvitroand in vivo. Blood 86:2008-2013.

Sohail M, Kaul A, Raziuddin M, Adak T. (2007).
Decreased glutathione  S-transferase  activity:
Diagnostic and protective role in vivax malaria.
Clinical Biochemistry 40(5-6):377-382.

Srivastava P, Puri SK, Kamboj KK, Pandey VC.
(1999). Glutathione-Stransferase activity in malarial
parasites. 7ropical Medicine and International
Health 4(4):251-254.

Tsakiris S, Giannoulia-Karantana A, Simintzi |,
Schulpis KH. (2005). The effect of aspartame
metabolites on human erythrocyte membrane
acetylcholinesterase activity. Pharmacological He-
search 53:1-5.

WMA. (2000). World medical association declaration
of Helsinki ethical principles for medical research
involving human subjects. 52nd WMA General
Assembly, Edinburgh, Scotland.

Zusterzeel PLM, Nelen WLD, Roelofs MJ, Peters
WHM, Blom HJ, Steegers EAP. (2000).
Polymorphisms in biotransformation enzymes and
the risk for recurrent early pregnancy loss. Molecuiar
Human Reproduction 6(5):474-478.

© 2014 Global Journals Inc. (US)



	Glutathione S-Transferase Activity of Three Erythrocyte Genotypes of Human Participants Treated with Pyrimethamine/Sulphadoxine and Quinine
	Author
	Keywords
	I. Introduction
	II. Materials and Methods
	a) Anti-malarials
	b) Selection of participants/experimental design
	c) Ethics
	d) Collection blood specimenand preparation oferythrocytehaemolysate
	e) Malaria parasite density test
	f) Erythrocytes haemolysate haemoglobin concentration
	g) Erythrocyteglutathione S-transferase
	h) Statistical analyses

	III. Results
	IV. Discussion
	Reference Références Referencias

