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Abstract 

The frequency of the null allele phenotype of glutathione S-transferase (GST) M1 was 
investigated in 114 Zimbabweans and results for a subset of 63 subjects were compared with 
genotyping by PCR. In addition, the effect of the antimalarial chloroquine on blood levels of 
GSTMl and GSTA in 19 subjects was studied. Quantification of GSTs was by enzyme linked 
immunosorbent assays (ELISA). Thirty percent of the subjects were of the GSTMl null 
phenotype. Comparison of results of phenotyping by ELISA and genotyping by PCR showed that 
16% of samples were in discordance; unknown mutations in the GSTMl gene in the Zimbabwean 
population may explain this observation. Chloroquine decreased levels of blood GSTM1 and 
GSTA by 50% or more. In populations treated with chloroquine, these decreases in GST activities 
might lead to compromised ability to detoxify xenobiotics, could confound GSTMl phenotyping 
and might invalidate use of GSTA as an indicator of liver damage. O 1997 Elsevier Science B.V. 
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1. Introduction 

Glutathione S-transferases (GSTs, EC 2.5.1.1 8)  are intracellular proteins that 
play a major role in the cellular detoxification of electrophilic compounds of 
endogenous and exogenous origin [I]. In all mammalian species studied multiple 
forms of GSTs have been identified [2] with four major classes of human 
cytosolic GSTs: alpha (A), mu (M), pi (P) and theta (T) [3]. 

Human GSTA is involved in reduction of lipid hydroperoxides through its 
glutathione peroxidase activity [4,5] and is found predominantly in the liver 
where it constitutes up to 75% of the total GST in hepatocytes [6]. It is 
homogeneously distributed in the liver, and has a short plasma half-life ( < 90 
min). Serum GSTA is now proposed to serve as a reliable marker of 
hepatocellular damage [4,7,8]. 

A genetic polymorphism for glutathione S-transferases M1 has been described 
in humans [9,10] in which about 50% of subjects in various ethnic groups lack 
GSTMl activity [I 11. GSTMl catalyses the conjugation of GSH to a wide range 
of electrophilic compounds including benzo[a] pyrene-4,5-epoxide, a major 
genotoxic metabolite of tobacco smoke [4]. Individuals with a homozygous gene 
deletion for GSTMl have been shown to be at increased risk of developing 
tobacco related lung cancers [12]. GSTMl also detoxifies the mutagenic 
metabolites of aflatoxin B1 (AFBl) [13] and subjects of the GSTMl(-) 
genotype may be at greater risk of developing AFB1-DNA adducts and 
hepatocellular carcinoma (HCC) when exposed to AFBl [14]. 

Chloroquine (CQ), being a widely used antimalarial in tropical Africa, is a 
potential drug for possible drug-drug or drug-enzyme interactions and is known 
to interact with drug metabolising enzymes [15]. The possibility of the drug 
interfering with phenotyping of GSTMl and use of GSTA as an indicator of 
hepatic damage was, therefore, a cause for concern. In the study reported here, 
we have investigated the frequency distribution of the GSTMl null phenotype in 
Zimbabweans and the effect of the widely used antimalarial, chloroquine, on the 
levels of GSTMl and GSTA in blood. 

2. Materials and methods 

2.1. Chemicals 

The commercial kits for the assessment of human GSTA and GSTMl (Hepkit 
and Mukit) were obtained from Biotrin International, Dublin, Ireland. Chloro- 
quine phosphate (CQPi) tablets were purchased from Pharmanova (Zimbabwe) 
Ltd. 
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2.2. Subjects 

A population of 114 heilthy Zimbabweans from the staff and students in the 
Department of Biochemistry, University of Zimbabwe volunteered to participate 
in this study. Approval for the study was obtained from the Medical Research 
Council of Zimbabwe. Blood was collected from the subjects into EDTA tubes 
and stored at - 20°C until analysed. All 114 subjects participated in the GSTMl 
phenotyping study. A sub-set of 63 subjects were genotyped for the GSTMl null 
allele by a PCR method in order to compare the phenotyping by ELISA with the 
genotyping by PCR. Nineteen healthy male volunteers from the phenotyped 
population participated in the study to investigate the effects of chloroquine on 
levels of GSTMl and GSTA. The effects of prophylactic and therapeutic doses 
were assessed. Group 1 (6 subjects) received the full treatment dose of 
chloroquine for malaria (1000 mg chloroquine phosphate as loading dose on day 
1, followed by 500 rng 6 h later, and then 500 mg each on day 2 and day 3). 
Group 2 (13 subjects) received the prophylactic dose of 500 mg chloroquine 
phosphate once. Blood samples were taken before and 6 h after drug treatment 
so that each person served as their own control. 

2.3. GSTMl phenotyping by ELZSA 

The GSTMl immunoassays were carried out according to the instructions of 
the manufacturer of the Mukit. In measuring the levels of GSTMl in the 
peripheral leukocytes from the 114 subjects, any absorbance value that was 
greater than (or equal to) the positive control provided in each kit was taken as a 
positive result and any reading less than the positive control was taken as a 
negative result. A negative control sample was also provided in the kit. 
Absorbance values varied considerably from day to day depending on the room 
temperature and, therefore, inter-assay coefficients of variation for absorbance 
values are calculated for assays done on the same day. For the phenotyping 
study, the interassay coefficient of variation for the absorbance readings was 
0.13% for 4 determinations and the coefficient of variation for the negative 
control was 4.4% for 4 determinations. For the study of the effect of 
chloroquine, the coefficients of variation were 3.3% and 7.5% for the positive 
and negative controls respectively for four determinations each. 

2.4. Genotyping for the GSTMl null allele by PCR 

DNA was isolated from peripheral leukocytes with a guanidinium iso- 
thiocyanate method and genotyping for the GSTMl polymorphism was accord- 
ing to the method of Brockmoller et al. (1992) [16]. The PCR incubation 
mixture constituents in a total volume of 25 pl were: 200-300 ng of genomic 
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DNA, 0.25 pmolll of each primer, 0.2 mmolll of each deoxynucleotide 
triphosphate, 0.1625 units of Taq polymerase, 2.5 pl of X 10 PCR buffer 
(Tris-HC1 pH 8.3, 50 rn&ol/l KCl) and 5 pl of 1.2 mmol/M MgCl,. The 
cycling conditions were: an initial denaturation step for 7 min at 94OC, 35 cycles 
with a denaturation step of 1 minute at 94OC, a primer annealing temperature of 
53°C for 1 minute, and an extension temperature of 72°C for 1 minute. The last 
cycle was followed by a 7 minute extension step at 72OC. Fifteen microlitres of 
the PCR product was analysed on a 2% agarose gel stained with ethidium 
bromide. The presence of the GSTMl gene (homozygous or heterozygous) was 
indicated by the presence of the amplified 273 bp fragment and its homozygous 
deletion by the absence of this fragment. The internal control was a 600 bp 
amplified p-actin fragment. 

2.5, Assessment of GSTA levels by ELISA 

Levels of GSTA were quantified in blood by an ELISA method according to 
the instructions of the manufacturer of the Hepkit. Standard curves for GSTA 
were constructed using 0-50 nglrnl GSTA provided by the manufacturers. 
Repeat analyses gave an 11% interassay coefficient of variation for the standard 
provided by the manufacturer (mean GSTA of 9.68 nglml versus a value of 9.30 
nglml stipulated by the manufacturer). The assay detection limit for GSTA is 1 
nglml. The manufacturers indicate that the Hepkit is highly specific for GSTA 
with no cross reaction with any other serum components. CQ did not interfere 
with the spectral measurements or colour development since serum from 
untreated humans spiked with varying concentrations of CQ did not cause any 
change in absorbance values (data not shown). 

2.6. Statistical analysis 

The Student's t-test was used for statistical comparisons between the values 
before and after chloroquine treatment. Results giving P values less than 0.05 
were considered significantly different. 

3. Results 

Results of the GSTMl phenotype study are depicted in Fig. 1. We found that 
34 out of the 114 subjects (30%) were GSTMl negative. This value is consistent 
with those found in other African populations of 22-38% by genotyping [14,17] 
and in contrast to the higher GSTMl(-ve) phenotype and genotype frequencies 
in Caucasians and Orientals of 50-63% [18,19]. The frequency distribution 
shown in Fig. 1 is bimodal but the exact positioning of the antimode seems 
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Fig. 1. Frequency distribution for GSTMl levels in blood from healthy volunteers. GST levels 
were measured as a ratio of absorbance at 450 nml650 nm and each bar is equivalent to 0.05 
absorbance units. The GSTMl(-ve) status was assigned as a value below the absorbance value of 
the positive control provided in the Mukit and indicated by the vertical line at 0.75. The 10 
samples for which the phenotyping and genotyping were not in agreement are designated by * for 
positive genotype with negative phenotype and by # for negative genotype with positive 
phenotype. 

unclear. In the figure shown, we have positioned the antimode to coincide with 
the absorbance value determined for the positive control supplied in the Mukit. 
These results and the spread of values for the GSTMl are very similar to those 
found by Brockmoller et al. [20] for the ELISA phenotyping method. The reason 
for the spread of results is not clear from either study but Brockmoller et al. [20] 
suggested that it may arise because the ELISA determinations were not 
normalised for lymphocyte numbers. 

It was of interest to compare these phenotyping results with genotyping for 
the GSTMl null allele which was carried out on a subset of 63 of the 114 
subjects. Fig. 1 therefore, also indicates the subjects for which there were 
discordant phenotyping and genotyping results and shows that the subjects with 
discordant results were spread across the range of absorbance values. This 
observation is surprising as one might have expected discordant results to fall 
around the absorbance value set as the antimode. Table 1 gives a summary of 
the discordant results for both this study and that of Brockmoller et al. [20]. 
Although the numbers in our study are lower, it is clear that, with the African 
population studied, there is a much greater proportion for whom phenotyping 
and genotyping results are discordant. 

The results for the study investigating the effect of chloroquine treatment on 
levels of serum GSTMl and GSTA are shown in Figs. 2 and 3. Treatment with 
prophylactic and therapeutic doses of CQ caused decreases in GSTMl and 
GSTA levels when means of the subjects are considered although the decrease 



150 S. Mukanganyama et al. / Clinica Chimica Acta 265 (1997) 145-155 

Table 1 
Discordance between phenotying and genotyping of GSTMl 

Study Number of Number with Total number 
subjects + ve genotype1 - ve genotype1 discordant 

- ve phenotype + ve phenotype 

This study 63 7 (11.1%) 3 (4.8%) 10 (15.9%) 
Brockmoller 272 4 (1.5%)" 2 (0.7%)~ 6 (2.2%) 

et al. [21] 

" Phenotyping by ELISA. 
Phenotyping by trans-stilbene oxide assay. 

for the therapeutic dose and GSTA was not statistically significant (Figs. 2 and 
3). Of interest is that, for GSTM1, one subject in each group changed phenotype 
from GSTM1( + ) to GSTMl(-) after chloroquine treatment (subject 13 for the 
prophylactic dose and 6 for the therapeutic dose, Fig. 2). Individual results for 
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Fig. 2. The effect of chloroquine on blood GSTMl levels from healthy volunteers. GST levels 
were measured as a ratio of absorbance at 450 nml650 nm. The GSTMl(-ve) status was assigned 
as a value below the absorbance of the positive control provided in the Mukit which was 0.136 for 
this set of assays. 
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Fig. 3. The effect of chloroquine on serum GSTA of male human subjects. The subjects were 
given either the prophylactic or therapeutic dose of CQ for malarial treatment. Blood was 
withdrawn before (control) and after administration of the drug and GSTA was determined using 
ELISA. Error bars represent the standard deviation for duplicate determination of GSTA. 

GSTA show that there are inter-individual differences in response to chloro- 
quine. Though the majority of the subjects show a decrease of GSTA levels, 
some show no difference whilst a few show an increase (Fig. 3). 

4. Discussion 

The GSTMl phenotypelgenotype status has become an important cancer risk 
assessment marker [12]. The fact that a smaller proportion of Zimbabweans are 
of the GSTMl(-) phenotype than Caucasians and Orientals may imply that the 
population is generally protected from reactive intermediates generated from 
benzo[a]pyrene and AFBl by cytochromes P4501A1 and 1A2 and associated 
with lung and liver cancer respectively [12,14]. Hepatitis B virus (HBV) and 
AFBl exposure are important factors in the development of hepatocellular 
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carcinoma (HCC). Black Africans and Chinese are extensively exposed to these 
factors but the lattel: population seem to have higher incidences of HCC than 
black Africans [14]. Differences in frequencies of mutant alleles of GSTMl and 
epoxide hydrolase may be implicated in the difference in cancer incidence [14]. 

In considering the results for phenotyping and PCR genotyping for GSTMl, 
Brockmoller found that there was very good agreement for the Caucasian 
population studied [20] with only 2.2% of samples in disagreement. In contrast, 
in our study on a Zimbabwean population we have found 16% of samples in 
disagreement. The observation in our study that 11% of samples gave positive 
genotypes but negative phenotypes suggests that there may be mutations in the 
African population studied that do not affect the gene for genotyping purposes 
but which affect expression of the protein and this possibility is being further 
investigated in our laboratory. An alternate explanation is that there could be 
compounds in the diet or drugs particular for this region which decrease levels 
of the protein in the same way as we have demonstrated in this paper for 
chloroquine. An explanation for the 5% of samples for which there were 
negative genotyping results but positive phenotyping results could lie in 
mutations within the regions of the gene that bind to the primers for the PCR 
amplification but which have no effect on activity of the enzyme. Until these 
issues are resolved, we recommend that investigators in Africa should conduct 
both phenotyping and genotyping studies particularly if correlations are sought 
between controls and cancer cases in studies investigating susceptibility to 
cancer. It is possible that current genotyping methods developed in Caucasian 
populations may underestimate slightly the proportion of African populations 
with the negative GSTMl status. In support of this is our observation that 24% 
of a Zimbabwean population (n = 148) were genotyped as GST negative 
(unpublished observations). 

In malaria endemic areas, chloroquine is widely available and it is possible 
that many people may be taking the drug. The effects of CQ on GSTMl levels 
could lead to a general shift to lower GSTMl activity profiles in tropical 
populations extensively exposed to this drug and, therefore, to decreased 
protection against reactive epoxides and other electrophiles metabolised by 
GSTMl. The possibility of false assignment of the GSTMl(-) status in a 
population taking chloroquine may also exist but could be overcome by use of a 
valid PCR genotyping method. 

We have also demonstrated that chloroquine altered the immunochemically 
detectable levels of GSTA in humans after prophylactic and therapeutic doses. 
The altered GSTA levels suggest that the use of GSTA as a marker of 
hepatocellular damage may not be valid in people taking CQ. The subjects in 
this study, however, were healthy individuals, and it has to be confirmed 
therefore, whether the effects of chloroquine on serum GSTA would be the same 
in individuals with hepatic damage. The results of this study also imply that 
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reduced GSTA activity in humans after CQ intake might affect the detoxification 
and removal of lipid hydroperoxides in the liver and possibly othei organs. 

In searching for an explanation for the effects of chloroquine on the levels of 
GSTs in the serum, we show that it is unlikely that CQ in the serum is 
interfering in the ELISA assays for GSTs, since spiking several human sera 
samples with CQ was not found to affect the immunoquantitation of the GSTs in 
the ELISA (data not shown). Chloroquine has many known biochemical effects 
and is present in the body for weeks or months after treatment [21] because it is 
metabolised slowly and has a long plasma half-life [22]. After oral administra- 
tion, peak plasma levels of CQ are reached within 1 to 6 h, with wide individual 
variations in blood concentrations [22]. Chloroquine's effects include effects on 
lysosomes [23], and protein synthesis [24], reduction of levels of hepatic 
microsomal lipids [25], inhibition of key metabolic and drug metabolising 
enzymes [15], the depletion of cellular glutathione [26] and changes in the 
profile of hepatic antioxidant enzymes [27]. 

From what is known about the drug, it is possible, therefore, to conjecture that 
CQ might interfere with processes involved in the release of GSTA into the 
blood, since CQ has already been shown to alter membrane function by reducing 
phospholipid content of membrane lipids [25]. The general decrease in immuno- 
logically quantifiable GSTMl and GSTA in humans in this study could also 
perhaps be explained by inhibition of protein synthesis. Alternatively, chloro- 
quine might be causing the decrease in GST levels through inhibition of gene 
transcription since this drug has been shown to lower tumour necrosis factor- 
alpha in leukocytes through such a mechanism [28]. Further investigations are 
required to elucidate the mechanism for the effects of chloroquine on GSTs. 
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