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Abstract 
The glutathione-S-transferase genes mainly the GSTM1 and GSTT1 alleles 
are responsible for the synthesis of detoxication enzymes that can remove 
toxic substances. The objective of this study is to seek changes in the genetic 
polymorphism of glutathione-S-transferase GSTM1 and GSTT1 in motor-
cycle drivers exposed to BTEX. Our study group consists of 60 motorcycle 
drivers including 30 professional and 30 non-professional. Blood samples 
were preleveled from the study population in the EDTA tubes and DNA was 
extracted by the phenol/chloroform method. The PCR technique was used to 
determine the presence or absence of genes. Our results showed that the per-
centage of GSTM1 null genotype has a statistically significant difference (P = 
0.02), while the percentage of GSTT1 null genotype was non-significant (P = 
0.76) between the two groups. The percentage of deletion of both genes is 
higher in professional than non-professional motorcycle drivers. Air pollu-
tion in Cotonou by BTEX seems to influence the deletion of the GSTM1 and 
GSTT1 genes at a higher percentage among professional than non-professional 
motorcycle drivers. 
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1. Introduction 

Glutathione-S-transferases (GST) are a family of Phase II enzymes that use re-
duced glutathione to remove many toxic substances and oxidative stress prod-
ucts [1]. This reduced glutathione (GSH) is the main antioxidant molecule in the 
cell [2]. GST catalyzes the conjugation of toxic molecules with reduced gluta-
thione and this complex can be expelled from the cell via ATP-binding cassette 
efflux pumps. In addition, GST is able to detoxify harmful products of cellular 
metabolism, such as reactive oxygen and nitrogen species through their gluta-
thione peroxidase activity [3] [4]. These enzymes are also involved in other cel-
lular processes such as the regulation of kinase-mediated signal transduction [5] 
[6]. There are two families of GST in humans: GST present in the endoplasmic 
reticulum and mitochondria on the one hand and cytosolic GST on the other 
hand [7]. The cytosolic GST is divided into seven classes: Alpha, Mu, Omega, Pi, 
Sigma, Theta and Zeta [8]. Allelic variations such as GSTA, GSTM, GSTT and 
GSTP have been widely described in several studies [9] [10]. Our study is inter-
ested in polymorphisms of the Mu and Theta classes, because chronic exposure 
to BTEX (Benzene, Toluene, Ethylbenzene, Xylene) could compromise the anti-
oxidant capacity of these enzymes and cause oxidative damage such as muta-
tions. The enzymes of GSTM1 and GSTT1 completely lose their activities, when 
the deletion of their genes is homozygous [11]. Thus, the deletion of GSTM1 and 
GSTT1, alone or both combined, increases the susceptibility to develop cancer 
and pathology in various organs such as the liver, lungs, stomach, esophagus, 
breast, prostate, bladder and the colon [6] [12]. However, very few studies have 
dealt with the influence of BTEX on GST polymorphisms. Also, the objective of 
this study is to assess the effect of air pollution containing mostly BTEX on the 
genes of the GST detoxification enzymes (GSTM1 and GSTT1) in professional 
and non-professional motorcycle drivers in Cotonou, Benin. The significance of 
comparing the two groups lies in the amount of time spent in urban traffic by 
professional motorcycle drivers and depending on this time, BTEX may have a 
greater effect on the health of professional drivers than non-professional motor-
cycle drivers. 

2. Material and Methods 

We recruited sixty (60) motorcycle drivers, including thirty (30) professionals 
and thirty (30) non-professionals, who were matched according to socio- 
demographic characteristics following an investigation. Professional motorcycle 
drivers are those who ride as a profession and are in urban traffic all day while 
non-professionals are those who are occasionally in urban traffic or just commut-
ing to/from work. This study population was continuously exposed to air pollu-
tion containing BTEX and the results were reported in the work of Sagbo et al. 
[13]. Another study showed that the ambient air in Cotonou contains high levels 
of benzene, carcinogenic compound which come as well as traffic exhaust that 
gasoline [14]. 
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2.1. Genotyping of the GSTM1 and GSTT1 Genes by Multiplex PCR 

DNA extraction by the phenol/chloroform method was carried out using blood 
preleved in sterile 5 mL EDTA tubes [15]. The quality of the DNA was deter-
mined by spectrophometer (Thermo Scientific, Germany) and stored at −20˚C 
until use. 

The multiplex PCR technique was performed to amplify three genes GSTM1, 
GSTT1 and albumin [16]. Albumin primers were included as an internal positive 
reaction control. The primers involved in this technique are: GSTM1 (219 bp) F: 
5'-GAA-CTC-CCT-GAAA-AAG-CTA-AAG-C-3'; R: 5'-GTT-GGG-CTC-AAA- 
TAT-ACG-GTG-G-3'; Albumin (350 bp) F: 5'-GCC-CTC-TGC-TAAA-CAAA- 
GTC-CTA-3' and R: GCC-CTA-AAA-AGA-AAA-AAA-TCG-CCA-ATC and 
finally GSTT1 (480 bp) F: 5'-TTC-CTT-CTT-ACT-GGT-CCT-CAC-ATC-TC-3' 
and R: 5'-TCA-CCG-GAT-CAT-GGC-CAG-CA-3' (Eurogentec, France). One 
hundred (100) ng of DNA were amplified in a 25 μL reaction medium contain-
ing 10X PCR buffer, 5 nM of dNTP, MgCl2 (25 mM), 100 μM of each primer 
(Eurogentec, France) and 5 U of Taq DNA polymerase. PCR was performed us-
ing the thermocycler (Mastercycle staff) under the conditions of a cycle of 94˚C 
for 5 minutes followed by 35 cycles of 94˚C for 1 minute, 64˚C for 1 minute, 
72˚C for 70 seconds and a final extension at 72˚C for 5 minutes [16]. The PCR 
product was subjected to an agarose gel electrophoresis (1.5%) and migrated at 
100 V for 55 min, then visualized using a transilluminator. This study has re-
ceived the consent of the participants and the approval of the Ethics Committee. 

2.2. Statistical Method 

The data were processed using Statistical Package for Social Science version 20.0 
(SPSS20.0). P values less than 0.05 were considered significant. 

3. Results 

Table 1 in below presents the sociodemographic characteristics of professional 
and non-professional motorcycle drivers.  

The mean age for professional and non-professional drivers was respectively 
51.63 ± 5.85 and 49.00 ± 6.92. As for their level of education, 33.33% of both 
groups had primary; while 26.67% of professional drivers and 30.30% of non- 
professional drivers had secondary school education. The others ones of the 
study population, 40% of the professional and 36.67% of the non-professional, 
are not educated. No significant difference was observed in the age and level of 
education of the two groups. In addition, all participants are men. These motor-
cyclists, especially professionals, complain of the faintness, they feel such as fa-
tigue, headache, arthritis, sexual weakness and visual problems related to the in-
halation of exhaust fumes which are full of toxic pollutants among which we 
have BTEX. 

The study by Sagbo et al. revealed that the means concentrations of benzene, 
toluene, ethylbenzene and xylene were 77.00 ± 5.45 μg/m3; 245.91 ± 18.99 μg/m3; 
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72.53 ± 7.54 μg/m3 and 67.25 ± 14.54 μg/m3 for professional motorcycle drivers 
and 25.87 ± 6.51 μg/m3; 139.75 ± 19.08 μg/m3; 64.26 ± 4.99 μg/m3 and 41.60 ± 
00.00 μg/m3 respectively for non-professional drivers [13]. These concentrations 
are very high and higher than the standard accepted by the World Health Or-
ganization. We then analyzed the effects of these BTEX on the deletion of the 
GTM1 and GSTT1 genes. Figure 1 in below shows the results of electrophoresis 
after PCR of the DNA of the populations studied. 

In this photo above of the electrophoresis gel obtained after PCR, the albumin 
used as positive control is located at 350 bp, while GSTM1 and GSTT1 are lo-
cated respectively at 219 bp and 468 bp. The absence of either or both genes in 
the presence of the positive control indicates a deletion of the GSTM1 or/and 
GSTT1 genes. 

Professional drivers 1Z, 13Z and non-professionals 3T, 13T underwent ho-
mozygous deletion of the GSTM1 and GSTT1 genes. Subjects 2Z, 2T have 
GSTM1 and 15Z has GSTT1 homozygous. Only subjects 27Z and 26T have both 
genes. Thus, air pollution by BTEX would induce a mutation in the subjects of 
the study. This mutation was a homozygous deletion that resulted in the loss of 
these genes in some individuals. Table 2 shows the genotyping results for the 
GSTM1 and GSTT1 polymorphism in the professionals and control motorcycle 
drivers. 

 
Table 1. Sociodemographic characteristics of professional and non-professional motor-
cycle drivers. 

 
Professional  
motorcycle  

drivers 

Non-professional  
motorcycle  

drivers 
X2 P-value 

Mean age 51.63 ± 5.85 49.00 ± 6.92 15.49 0.560 

Primary 33.33% 33.33% 

0.024 0.988 Secondary 26.67% 30.30% 

Not in school 40% 36.67% 

 
Table 2. The percentage of GSTM1 and GSTT1 gene polymorphism in professional and 
non-professional motorcycle drivers. 

GST Allelic variants 

Professional  
motorcycle  

drivers 
N (%) 

Non-professional 
motorcycle  

drivers 
N (%) 

95 % IC P-value 

GSTM1 
Present 09 (30) 18 (60) −0.59 - 0.00 0.04 

Absent (Null) 21 (70) 12 (40) 0.10 - 1.23 0.02 

GSTT1 
Present 06 (20) 07 (23) −0.26 - 0.19 0.76 

Absent (Null) 24 (80) 23 (77) −0.39 - 0.52 0.76 

GSTM1 Null/GSTT1 Null 17 (57) 10 (33) −0.71 - 0.08 0.01 
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Figure 1. Profile of GSTM1 and GSTT1 genes by multiplex PCR. PM: Mo-
lecular weight marker, TN: Negative control, Z: Professional motorcycle 
drivers, T: Non-professional motorcycle drivers. 

 
The analysis of the Table 2 shows that the percentage of GSTM1 nulls higher 

among professional (70%) than non-professional drivers (40%). This increase 
shows a statistically significant difference (P = 0.02) between the two groups. As 
for GSTT1, its absence is also more higher among professional motorcycle driv-
ers (80%) than non-professional motorcycle drivers (77%). However, this dif-
ference is not statistically significant (P = 0.76). Analysis of the frequency of the 
absence of the combination of GSTM1 and GSTT1 showed that double deletion 
is more common among professional drivers than among controls (57% versus 
33%).  

4. Discussion 

In the present study, we evaluated the effects of BTEX on the genetic polymor-
phisms of GSTM1 and GSTT1 in professional and non-professional motorcycle 
drivers. A descriptive analysis of the sociodemographic characteristics of these 
participants indicates that there is no significant difference in the age of profes-
sional and non-professional motorcycle drivers (P > 0.05). The sociodemographic 
results of our study population are consistent with those of Kasemy et al. in Egypt, 
who worked with motorcycle taxi drivers exposed to benzene compared to un-
exposed as controls [17]. These two study groups had mean age of 42.80 ± 9.69 
and 43.86 ± 6.74 respectively [17] [18] [19]. In contrast, the mean age of profes-
sional and non-professional motorcycle drivers in our study in Benin was higher 
than that of drivers in Iran, Kenya, Nigeria and Brazil, the mean age varied be-
tween 24.4 and 33.4 years [20] [21]. This study population is younger than ours. 
This may be justified by the fact that the motorcycle driving activity practically 
started in Benin more than 30 years ago. Our results also showed that our study 
population is made up entirely of men with a low level of education. These re-
sults are consistent with those of Ayi-Fanou et al.; Fourn and Fayomi [22] [23]. 
Similarly studies have shown that motorcycle taxi driving activity is practiced 
almost exclusively by men with little education [24] [25] [26]. Our study popula-
tion is exposed to BTEX differently depending on whether they are professional 
or non-professional motorcycle drivers.  

According to the work of Sagbo et al. exposure to BTEX was higher among 
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professional drivers than non-professional drivers [13]. The benzene level among 
professional drivers is fifteen times higher than the standard accepted by the 
World Health Organization while it is five times higher than this standard among 
non-professional drivers. Previous work has shown that BTEX influences levels 
of C-reactive protein and blood cells. Regarding the influence of BTEX on the 
genes responsible for the detoxification enzymes (GSTM1 and GSTT1), our re-
sults showed that the percentage of absence of GSTM1 was higher among pro-
fessional drivers than non-professional with a statistically significant difference 
(P = 0.02). Professional and non-professional drivers are all at risk, but profes-
sionals are more at risk. Both groups are able to develop several pathologies [6] 
[12]. Knudsen et al. reported significant prevalence of GSTM1 null among bus 
drivers exposed to air pollution [27]. A cohort study of schoolchildren in Dur-
ban, South Africa, showed a GSTM1 null rate (27%) lower than that of our study 
[28]. Nielsen et al. showed that deletion of GSTM1 could lead to higher adduct 
levels in bus drivers exposed to air pollution [29]. Similarly, our results on 
GSTT1 reveal that there is more deletion of GSTT1 null among professional 
drivers than non-professionals. However, this difference is not statistically sig-
nificant (P = 0.76). In addition, the results of this study showed that the percen-
tage of the combination of the absence of the two genes GSTM1/GSTT1 is higher 
among professional motorcycle drivers (63%) than non-professional (33%). Thus, 
the combination of the absence of the two genes in an individual is a major risk 
factor for the development of certain pathologies [6] [12]. Studies carried out in 
Benin by Avogbe et al. showed that the absence of GSTT1 was associated with 
poor urinary excretion of the non-toxic metabolite benzene S-phenylmercapturic 
acid, which may suggest that GSTT1 modulate the detoxification of benzene 
[30]. The work of Sirivarasai et al. showed that the presence of pollutants in the 
blood induces the deletion of GSTM1 and GSTT1 and leads to inflammatory 
responses [18].  

5. Conclusion 

The entire study population is exposed to very high concentrations of BTEX 
above the standard accepted by the World Health Organization. The entire pop-
ulation of Cotonou is at risk of developing diseases due to the deletion of the 
GSTM1 and GSTT1 genes responsible for detoxification toxic compounds. But 
professional drivers are more at risk than non-professional because of the large 
deletion observed in their group. It is therefore urgent to take certain measures 
to improve the air quality in Cotonou. 

Acknowledgements 

None. 

Source of Funding 

None. 

https://doi.org/10.4236/jbm.2022.1011009


C. F. Boris et al. 
 

 

DOI: 10.4236/jbm.2022.1011009 110 Journal of Biosciences and Medicines 
 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Luo, X., Nerlick, S., An, W. and King, M.L. (2011) Xenopus Germline nanos1 Is 

Translationally Repressed by a Novel Structure-Based Mechanism. Development, 
138, 589-598. https://doi.org/10.1242/dev.056705 

[2] da Fonseca, R.R., Johnson, W.E., O’Brien, S.J., Vasconcelos, V. and Antunes, A. 
(2010) Molecular Evolution and the Role of Oxidative Stress in the Expansion and 
Functional Diversification of Cytosolic Glutathione Transferases. BMC Evolutio-
nary Biology, 10, Article No. 281. https://doi.org/10.1186/1471-2148-10-281 

[3] Board, P.G. and Menon, D. (2013) Glutathione Transferases, Regulators of Cellular 
Metabolism and Physiology. Biochimica et Biophysica Acta, 1830, 3267-3288.  
https://doi.org/10.1016/j.bbagen.2012.11.019 

[4] Galal, A.M., Walker, L.A. and Khan, I.A. (2015) Induction of GST and Related 
Events by Dietary Phytochemicals: Sources, Chemistry, and Possible Contribution 
to Chemoprevention. Current Topics in Medicinal Chemistry, 14, 2802-2821.  
https://doi.org/10.2174/1568026615666141208110721 

[5] Klaus, A., Zorman, S., Berthier, A, Polge, C., Ramirez, S., Michelland, S., Sève, M., 
Vertommen, D., Rider, M., Lentze, N., Auerbach, D. and Schlattner, U. (2013) Glu-
tathione S-Transferases Interact with AMP-Activated Protein Kinase: Evidence for 
S-Glutathionylation and Activation in Vitro. PLOS ONE, 8, e62497.  
https://doi.org/10.1371/journal.pone.0062497 

[6] Zhang, H., Wu, X., Xiao, Y., Chen, M., Li, Z., Wei, X. and Tang, K. (2014) Genetic 
Polymorphisms of Glutathione S-Transferase M1 and T1, and Evaluation of Oxida-
tive Stress in Patients with Non-Small Cell Lung Cancer. European Journal of Med-
ical Research, 19, Article No. 67. https://doi.org/10.1186/s40001-014-0067-3 

[7] Morel F, Rauch C, Petit E, Piton, A., Theret, N., Coles, B. and Guillouzo A. (2004) 
Gene and Protein Characterization of the Human Glutathione S-Transferase Kappa 
and Evidence for a Peroxisomal Localization. Journal of Biological Chemistry, 279, 
16246-16253. https://doi.org/10.1074/jbc.M313357200 

[8] Hayes, J.D., Flanagan, J.U. and Jowsey, I.R. (2005) Glutathione Transferases. An-
nual Review of Pharmacology and Toxicology, 45, 51-88.  
https://doi.org/10.1146/annurev.pharmtox.45.120403.095857 

[9] Matic, M., Pekmezovic, T., Djukic, T., Mimic-Oka, J., Dragicevic, D., Krivic, B., Su-
vakov, S., Savic-Radojevic, A., Pljesa-Ercegovac, M., Tulic, C., Coric, V. and Simic, 
T. (2013) GSTA1, GSTM1, GSTP1, and GSTT1 Polymorphisms and Susceptibility 
to Smoking-Related Bladder Cancer: A Case-Control Study. Urologic Oncology: Se-
minars and Original Investigations, 31, 1184-1192.  
https://doi.org/10.1016/j.urolonc.2011.08.005 

[10] Tew, K.D. and Townsend, D.M. (2012) Glutathione-S-Transferases as Determinants 
of Cell Survival and Death. Antioxidants & Redox Signaling, 17, 1728-1737.  
https://doi.org/10.1089/ars.2012.4640 

[11] Xu, F., Lagudah, E.S., Moose, S.P. and Riechers, D.E. (2002) Tandemly Duplicated 
Safener-Induced Glutathione S-Transferase Genes from Triticum tauschii Contri-
bute to Genome- and Organ-Specific Expression in Hexaploid Wheat. Plant Physi-
ology, 130, 362-373. https://doi.org/10.1104/pp.004796 

https://doi.org/10.4236/jbm.2022.1011009
https://doi.org/10.1242/dev.056705
https://doi.org/10.1186/1471-2148-10-281
https://doi.org/10.1016/j.bbagen.2012.11.019
https://doi.org/10.2174/1568026615666141208110721
https://doi.org/10.1371/journal.pone.0062497
https://doi.org/10.1186/s40001-014-0067-3
https://doi.org/10.1074/jbc.M313357200
https://doi.org/10.1146/annurev.pharmtox.45.120403.095857
https://doi.org/10.1016/j.urolonc.2011.08.005
https://doi.org/10.1089/ars.2012.4640
https://doi.org/10.1104/pp.004796


C. F. Boris et al. 
 

 

DOI: 10.4236/jbm.2022.1011009 111 Journal of Biosciences and Medicines 
 

[12] Moghimi, M., Sobhan, M.R., Jarahzadeh, M.H., Morovati-Sharifabad, M., Aghili, K., 
Ahrar, H., Zare-Shehneh, M. and Neamatzadeh, H. (2019) Association of GSTM1, 
GSTT1, GSTM3, and GSTP1 Genes Polymorphisms with Susceptibility to Osteo-
sarcoma: A Case-Control Study and Meta-Analysis. Asian Pacific Journal of Cancer 
Prevention, 20, 675-682. https://doi.org/10.31557/APJCP.2019.20.3.675 

[13] Sagbo, F., Lawin, H.B., Atindehou, M., Anago, E.A.A., Goyito, M., Cachon, B.F., 
Sanni, A., Agassounon-Djikpo, M. and Ayi-Fanou, L. (2019) Effects of BTEX Ex-
posure on Hematological and C-Reactive-Protein in Professional and Non Profes-
sional Motorcycle Drivers in Cotonou/Benin. Journal of Environment Pollution and 
Human Health, 8, 1-5. 

[14] Cachon, B., Ayi-Fanou, L., Cazier, F., Genevray, P., Adéoti, K., Dewaele, D., Debende, 
A., Aissi, F. and Sanni, A. (2013) Analysis of Gasoline Used by Motorbike-Taxi Driv-
ers in Cotonou. Environment and Pollution, 2, 39-48.  
https://doi.org/10.5539/ep.v2n2p39 

[15] Jeong, Y.C., Nakamura, J., Upton, P.B. and Swenberg, J.A. (2005) Pyrimido[1,2-a]- 
purin-10(3H)-one, M1G, Is Less Prone to Artifact than Base Oxidation. Nucleic 
Acids Research, 33, 6426-6434. https://doi.org/10.1093/nar/gki944 

[16] Ghiasi, M., Safinejad, K. and Mirfakhraie, R. (2017) Study of Glutathione-S-Trans- 
ferase (gstm1 and gstt1) Gene Polymorphisms in Down Syndrome Patients. MOJ 
Women’s Health, 6, 361-364. https://doi.org/10.15406/mojwh.2017.06.00150 

[17] Kasemy, Z.A., Kamel, G.M., Abdel-Rasoul, G.M. and Ismail, A.A. (2019) Environ-
mental and Health Effects of Benzene Exposure among Egyptian Taxi Drivers. 
Journal of Environmental and Public Health, 2019, e7078024.  
https://doi.org/10.1155/2019/7078024 

[18] Sirivarasai, J., Wananukul, W., Kaojarern, S., Chanprasertyothin, S., Thongmung, 
N., Ratanachaiwong, W., Sura, T. and Sritara, P. (2013) Association between In-
flammatory Marker, Environmental Lead Exposure, and Glutathione S-Transferase 
Gene. BioMed Research International, 2013, e474963.  
https://doi.org/10.1155/2013/474963 

[19] Diaz O.L., Guézéré, A., Plat, D. and Pochet, P. (2016) Earning a Living, but at What 
Price? Being a Motorcycle Taxi Driver in a Sub-Saharan African City. Journal of 
Transport Geography, 55, 165-174. https://doi.org/10.1016/j.jtrangeo.2015.11.010 

[20] Ogunneye, A.L., Omoboyowa, D.A., Sonibare, A.L., Adebusuyi, A.J. and Faniran, 
T.P. (2014) Hepatotoxic and Nephrotoxic Effects of Petroleum Fumes on Petrol At-
tendants in Ibadan, Nigeria. Nigerian Journal of Basic and Applied Sciences, 22, 
57-62. 

[21] Mehri, M., Khazaee-Pool, M. and Arghami, S. (2019) Phenomenology of Being a 
Safe Taxi Driver. BMC Public Health, 19, Article No. 1753.  
https://doi.org/10.1186/s12889-019-8106-1 

[22] Ayi-Fanou, L., Avogbe, P.H., Fayomi, B., Keith, G., Hountondji, C., Creppy, E.E., 
Autrup, H., Rihn, B.H. and Sanni, A. (2011) DNA-Adducts in Subjects Exposed to 
Urban Air Pollution by Benzene and Polycyclic Aromatic Hydrocarbons (PAHs) in 
Cotonou, Benin. Environmental Toxicology, 26, 93-102.  
https://doi.org/10.1002/tox.20533 

[23] Fourn, L. and Fayomi B. (2006) Pollution atmosphérique en milieu urbain à Coto-
nou et à Lokossa, Bénin. Bulletin de la Société de Pathologie Exotique, 99, 264-268.  

[24] Mutiso, W.K. (2010) “Boda Boda” Bicycle Taxis and Their Role in Urban Transport 
Systems: Case Studies of Nakuru and Kisumu, Kenya. Theses, University of Cape 
Town, Cape Town. https://open.uct.ac.za/handle/11427/11680  

https://doi.org/10.4236/jbm.2022.1011009
https://doi.org/10.31557/APJCP.2019.20.3.675
https://doi.org/10.5539/ep.v2n2p39
https://doi.org/10.1093/nar/gki944
https://doi.org/10.15406/mojwh.2017.06.00150
https://doi.org/10.1155/2019/7078024
https://doi.org/10.1155/2013/474963
https://doi.org/10.1016/j.jtrangeo.2015.11.010
https://doi.org/10.1186/s12889-019-8106-1
https://doi.org/10.1002/tox.20533
https://open.uct.ac.za/handle/11427/11680


C. F. Boris et al. 
 

 

DOI: 10.4236/jbm.2022.1011009 112 Journal of Biosciences and Medicines 
 

[25] Oladele, T.O., Akinhanmi, A.O., Onifade, P.O. and Ibrahim, N.O. (2012) Profile of 
Problems Associated with Psychoactive Substance Use among Commercial Motor-
cyclists in Abeokuta, Nigeria. Annals of African Medicine, 11, Article No. 244.  
https://doi.org/10.4103/1596-3519.102857 

[26] Saidi, H. and Mutisto, B.K. (2013) Motorcycle Injuries at a Tertiary Referral Hospit-
al in Kenya: Injury Patterns and Outcome. European Journal of Trauma and Emer-
gency Surgery, 39, 481-485. https://doi.org/10.1007/s00068-013-0280-8 

[27] Knudsen, L.E., Norppa, H., Gamborg, M.O., Nielsen, P.S., Okkels, H., Soll-Johanning, 
H., Raffn, E., Järventaus, H. and Autrup, H. (1999) Chromosomal Aberrations in 
Humans Induced by Urban Air Pollution: Influence of DNA Repair and Polymor-
phisms of Glutathione S-Transferase M1 and N-Acetyltransferase 2. Cancer Epide-
miology, Biomarkers & Prevention, 8, 303-310. 

[28] Reddy, P., Naidoo, R.N., Robins, T.G., MentzLi, G.H., London, S.J. and Batterman, 
S. (2012) GSTM1 and GSTP1 Gene Variants and the Effect of Air Pollutants on 
Lung Function Measures in South African Children. American Journal of Industrial 
Medicine, 55, 1078-1086. https://doi.org/10.1002/ajim.22012 

[29] Nielsen, P.S., de Pater, N., Okkels, H. and Autrup, H. (1996) Environmental Air 
Pollution and DNA Adducts in Copenhagen Bus Drivers—Effect of GSTM1 and 
NAT2 Genotypes on Adduct Levels. Carcinogenesis, 17, 1021-1027.  
https://doi.org/10.1093/carcin/17.5.1021 

[30] Avogbe, P.H., Ayi-Fanou, L., Autrup, H., Loft, S., Fayomi, B., Sanni, A., Vinzents, P. 
and Møller, P. (2005) Ultrafine Particulate Matter and High-Level Benzene Urban 
Air Pollution in Relation to Oxidative DNA Damage. Carcinogenesis, 26, 613-620.  
https://doi.org/10.1093/carcin/bgh353 

 
 
 

https://doi.org/10.4236/jbm.2022.1011009
https://doi.org/10.4103/1596-3519.102857
https://doi.org/10.1007/s00068-013-0280-8
https://doi.org/10.1002/ajim.22012
https://doi.org/10.1093/carcin/17.5.1021
https://doi.org/10.1093/carcin/bgh353

	Modification of the Genetic Polymorphism of Glutathione-S-Transferase (GSTM1 and GSTT1) in Motorcycle Drivers Exposed to BTEX in Cotonou
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Genotyping of the GSTM1 and GSTT1 Genes by Multiplex PCR
	2.2. Statistical Method

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Source of Funding
	Conflicts of Interest
	References

