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ABSTRACT

The poly substance abuse (PSA) becomes an important problem among the Iraqi population, several factors contributed in the
poly substance abuse incidence like bad lifestyle, tensions and oxidative stress, the current study was suggested to evaluate
the glutathione S-transferase T1. (GSTT1) and glutathione S-transferase M1 (GSTM1) null genotyping and manganese
superoxide dismutase (MnSOD Alal6Val SNP) gene polymorphisms in the poly substance abuse in some Iraqi cases, GST
detected by null genotyping PCR, the results showed that the GSTM null genotyping was elevated in PSA cases 41.67% while
in control 6.89% in significant association (p 0.0017) (OR 9.6429, CI95% 1.8524 - 50.1971). the null genotyping of GSTT1
also significant elevation in PSA (62.5%) while in control was (17.24%) in significant differences (p 0.0013) (OR 8.0000,
CI95% 2.2480 - 28.4693), the manganese superoxide dismutase (MnSOD Alal6Val SNP) detected via tetra primers ARMS-
PCR technique, the results showed that The gene polymorphism of MnSOD produced homozygote (Val/Val and Ala/Ala) and
heterozygotes (Val, Ala), the homozygote (Val/Val) was more observed in PSA cases (52.38%) than control group (39.28%),
in non-significant differences (OR 1.7000, CI95% 0.5416 -5.3365, p 0.3633), while (Ala/Ala) was low frequent in PSA and
control (9.52, 10.71%) respectively in non-significant differences also (OR 1.1667, C1 0.1596 -8.5259, p 0.8793), The current
finding concluded that there was a strong association between GSTT1 and GSTM1 null genotyping and weak assocation of
the MnSOD Alal6Val SNP with Iraqi poly-substance addiction cases, its need more investigations about other antioxidant
mechanisms role that contributed in the predisposed to drug abuse.
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INTRODUCTION

In the last decade the most important health problem in Iraq is
apoly-substance abuse that needs heavy efforts to find optimal
solutions to limit the contagious nature. The substance abuse is
called as a chronic relapsing disease with elevation relapse rates
reached (56.8—81.8)%"? at 2017 the United Nations estimated
271 million people, or 5.5% of the global population have
age rang (15-64 years), had used substance in the last year.’
The poly-substance mean that individual abuses at least three

combined psychoactive substance or drugs* that effect in the
neurotransmitters, evidences found that substance abuse causes
reinforcing and promote chronic relapse by stimulating the
reward system of brain, that lead to an elevation in the level
of dopamine in synapsis cell.>

Antioxidant enzyme is one of the developmental
mechanisms in aerobic organisms to abolish oxidative stress,
like superoxide dismutase (SOD) and GST, construct the
secondary defense system against exogenous and endogenous
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oxidative stress. In human, three isoforms of SOD were detected
including the cytoplasm isoform copper—zinc SOD, the plasma
membrane isoform or its secreted in the extracellular matrix for
trapping superoxide anion from both plasma membrane sides,
and mitochondrial matrix isoform manganese SOD (MnSOD)
that synthesized in the cytosol and transport to mitochondria
after post transcriptionally modified.” The gene polymorphism
of MnSOD has been found to be associated with different health
disorder like mood disorder.®

Evidences found that the chronic intake of most drugs of
abuse stimulated generation ROS and RNS in brain by different
mechanisms like Induced Mitochondrial Dysfunction,” on
the other hand, antioxidants mechanisms have a major role in
oxidative hemostasis in the brain like glutathiones transfers
enzymes family, The association between oxidative stress,
antioxidant mechanisms and mood disorder have been studied
in different populations, the present study aims to assess the
role of MnSOD Alal6Val SNP and GSTs (M and T) in the
poly-substances addiction in Iraqi cases and this due to increase
this problem in Iraq and elevation oxidative stress in different
mode disorder cases.!*!!

MATERIALS AND METHODS

Poly-substance abuse cases intake (diazepam, methamphetamine
and amphetamine) for different periods were attending to the
psychiatric clinic, to follow their treatment by Prof. Dr. Kareem
N. Hessian, and 30 healthy individuals were enrolled in a case
control study. Blood samples were collected with the approval
of each case to contribute in our study, then store under -20°C
until DNA extracted, the GSTs null genotyping were detected
by GSTMI1 F 5-GAACTCCCTGAAAAGCTAAAGC-3’, R
5’-GTTGGGCTCAAATATACGGTGG -3’ to produce 215
bp and GSTTI: F 5> TTCCTTACTGGTCCTCACATCTC-3’,
R 5’-TCCCAGGTCACCGGATCAT-3’, the amplification
products were 215 bp for GSTMI and 312 bp for GSTT1'2at TM
60°C for 30 sec in separated reaction. the Alal6Val SNP in the
MnSOD sequence was detected using tetra-primer ARMS-PCR
via primers set'®; F1 5% CACCAGCACTAGCAGCATGT-3
F2 5GCAGGCAGCTGGCTaCGGT-3'; R1 5°
ACGCCTCCTGGTACTTCTCC-3" and; R2 5’
CCTGGAGCCCAGATACCCtAAAG-3 the amplification
products were three bands (514, 366 and 189 bp for Val/Ala)
in heterozygotes and two bands in homozygotes (514,189 bp
for Val/Val)and (514, 366 bp for Ala/Ala). All products were
separated by electrophoresis using agaros gel (1%), 0.5X TBE,
70V for 40 min with ethidum bromide staining. Statistical
analysis was implemented using odd ratio (OR) (confidence
intervals 95% (CI195%)) at p value less than 0.05. Percentage
was used to represent the genotyping for both genes.

RESULTS AND DISCUSSION

The current study pointed to the antioxidant enzymes genes
variations in poly-substances abuse in Iraqi cases, in last
year’s, Iraqi population suffered from addiction, for different
drug abuse, current study deal with cases addict to three drugs
included (methamphetamine, diazepam, and amphetamine) for

different time and different doses. The drug addiction becomes
the most health problem in Iraq.'*

The results of DNA extracted from PSA and control groups
have concentration ranged (80-200 ng/uL) and purity (1.8-2.1)
(Figure 1).

The glutathione S transferase enzymes family is an
important antioxidant molecule used to detoxify the free
radicals in addition to other vital functions, the role of GSTs
enzymes (GSTT, GSTM and GSTP) has been studied in
different disease and health problems.'> The Present finding
shows strong association between GSTM and GSTM null
genotyping with poly-substances abuse, the GSTM null
genotyping was elevated in PSA cases 41.67% while in control
6.89% in significant association (p 0.0017) (OR 9.6429, C195%
1.8524 - 50.1971) (Figure 2 and 3). the null genotyping of
GSTT1 also significant elevation in PSA (62.5%) while in
control was (17.24%) in significant differences (p 0.0013) OR
(8.0000, CI195% 2.2480-28.4693) (Figures 2 and 4).

The null genotyping resulted from deletion mutation in
GSTs encoded genes, studies found about 1500 base pairs were
deleted, and others indicated that null genotyping resulted in a
complete lack GSTMI activity.'® Previous study indicated that
GSTMI null genotype resulted in a complete lack of GSTM1
activity lead to decrease in oxidative stress.!”

Figure 1: Electrophoresis pattern of DNA extraction from whole blood
of study subjects.

Figure 2: The GSTT1 and GSTM1 genotyping in study groups,

M DNA ladder (100-1000bp), lanes 1,4,8,10,12 GSTM1, lanes
2,3,5,6,7,9,11 GSTMI null genotyping, lanes13,14,18 GSTT1, lanes
15,16,17 GSTT1 null genotyping. 100V, 20mA, 1% agaros, 0.5X TBE
buffer for 40 min.

Control P3A

B G5TM1 M null genotyping

Figure 3: The GSTM1 genotyping in study groups
(p value less than 0.05).
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Figure 3B: The GSTT1 genotyping in study groups
(p value less than 0.05).
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Figure 4: Electrophoresis pattern of the MnSOD Alal6Val SNP
polymorphism in study groups.

Evidences suggested that, according to GST71 and/or GSTM1
function lack, the null phenotype didn’t have an efficiently
to conjugation reaction and eliminated the toxic products by
bile and urine. The GSTMnull variant is particular interest,
documents have explained the variations in susceptibility,
variability in drug response, exposure to environmental
toxicants and manifestation of several diseases.!®!>!1%!® The
GSTM1 gene located on chromosome 1p13.3 and it’s highly
polymorphic. About 20—-67% of populations recorded variation
in GSTMI homozygous deletion polymorphism.'”?* Several
documents deal with mood disorder found that GSTT1 null
polymorphisms may be associated with the risk of schizophrenia
in Chinese population, and this risk was further reduced with
the combination of GSTT1 and GSTM1 null polymorphisms,?
the present study agree with other studies proved related of
GSTs null genotyping with oxidative stress in some disease
like mitochondrial dysfunction,?* cancer,? vitiligo,?® diabetes
mellitus,?” and Autism spectrum disorders.?®

The gene polymorphism of MnSOD shows homozygote
(Val/Val and Ala/Ala) and heterozygotes (Val, Ala), the
homozygote (Val/Val) was more observed in PSA cases
(52.38%) and in control was (39.28%), in non-significant
significant differences (OR 1.7000, CI 0.5416 -5.3365, p 0.3633),
while (Ala/Ala) was low frequent in PSA and control (9.52%),
(10.71%) respectively in non-significant differences also (OR
1.1667, CI 0.1596 -8.5259, p 0.8793) (Table 1 and Figure 4).
The manganese superoxide dismutase is one of the most
antioxidant enzyme contributed in the detoxification of ROS,
different SNPs have been studied in the gene, the MnSOD
Alal6Val SNP has been shown to enzyme localization and
the mitochondrial transportation alteration which impacted
in the balance of redox status.?’ This SNP is most commonly

Table 1: The MnSOD Alal6Val SNP polymorphism in poly-substances
addiction and control group

Genotypes PSA(%)  Control (%) Odd ratio P

Val/Val 11(52.38) 11(39.28) 1.7000 0.3633 NS
0.5416 to 5.3365

Val/Ala 8(38.09) 14(50) 1.1667 0.8793
0.1596 to 8.5259 NS

Ala/Ala 2(9.52) 3(10.71)

studied and its substitution mutation T>C in the exon 2 codon
16 that translate Val to Alanine.3%3!

The substitution mutation produced B-sheet secondary
structure instead of a-helix structure that decreased the
efficiency of enzyme transport to the mitochondria, the amino
acid Ala able to transverse the membranes of mitochondrial
to reach the matrix while amino acid Val causes embedded
within the inner membrane that lead to defects in the enzyme
activity in the ROS removing.3'*> The association between
oxidative stress and addiction abuse has been proved, like
Cocaine Addiction,”® morphine,** methamphetamine® and
diazepam.*® The elevation of ROS in addiction cases causes
different diseases related with damage effects of ROS, however
the antioxidant mechanisims may be had low effiency due to
the long priod of ROS exposure, also other factors involvment
in the oxidative stress balance in addiction cases. The current
finding concluded that there was strong association of GSTT1
and GSTM1 null genotyping and weak association of MnSOD
Alal6Val SNP gene polymorphism with Iraqi poly-substances
addiction cases, and this don’t mean the oxidative stress status
in these cases was unbalanced, other antioxident mehansisms
and molecules should be investigated to explaine the complex
assocation among oxidative stress, addiction and other factors.

REFERENCES

1. Cheung YW. A Brighter Side: Protective and Risk Factors in
the Rehabilitation of Chronic Drug Abusers in Hong Kong. The
Chinese University Press; Hong Kong, China: 2009.

2. Peacock A.,Leungl., Larney S., Colledge S., Hickman M., Rehm
J., Giovino G.A., West R., Hall W., Griffiths P., et al. Global
statistics on alcohol, tobacco and illicit drug use: 2017 status
report. Addiction. 2018;113:1905-1926. doi: 10.1111/add.14234.

3. United Nations . World Drug Report 2019. United Nations Office
on Drugs and Crime; Vienna, Austria: 2019.

4. Anthony, James; Barondess, David A.; Radovanovic, Mirjana;
Lopez-Quintero, Catalina (2017). “Part 1: Psychiatric Comorbidity
— Polydrug Use: Research Topics and Issues”. In Sher, Kenneth
J. (ed.). The Oxford Handbook of Substance Use and Substance
Use Disorders: Volume 2. Oxford Library of Psychology. Oxford
and New York: Oxford University Press. pp. 27-59. doi:10.1093/
oxfordhb/9780199381708.013.006. ISBN 9780199381708.
LCCN 2016020729.

5. DiChiaraG., Imperato A. Drugs abused by humans preferentially
increase synaptic dopamine concentrations in the mesolimbic
system of freely moving rats. Proc. Natl. Acad. Sci. USA.
1988;85:5274-5278. doi: 10.1073/pnas.85.14.5274.

6. Ikemoto S. Dopamine reward circuitry: Two projection systems
from the ventral midbrain to the nucleus accumbens—olfactory
tubercle complex. Brain Res. Rev. 2007;56:27-78. doi: 10.1016/j.

1IJPQA, Volume 13 Issue 1, January 2022 — March 2022

Page 14


https://books.google.com/books?id=_MySDAAAQBAJ&pg=PA27
https://books.google.com/books?id=_MySDAAAQBAJ&pg=PA27
https://en.wikipedia.org/wiki/Oxford
https://en.wikipedia.org/wiki/New_York_City
https://en.wikipedia.org/wiki/Oxford_University_Press
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Foxfordhb%2F9780199381708.013.006
https://doi.org/10.1093%2Foxfordhb%2F9780199381708.013.006
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9780199381708
https://en.wikipedia.org/wiki/LCCN_(identifier)
https://lccn.loc.gov/2016020729

The Antioxidant Enzymes Gene Polymorphisms (GST and MnSOD Alal6Val SNP) in Poly-substance Abuse Cases

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

brainresrev.2007.05.004.

Wispe JR, Clark JC, Burhans MS, Kropp KE, Korfhagen TR,
Whitsett JA. Synthesis and processing of the precursor for human
mangano-superoxide dismutase. Biochimica et Biophysica Acta
(BBA)-Protein Structure and Molecular Enzymology. 1989 Jan
19;994(1):30-36.

Cumurcu BE, Ozyurt H, Ates O, Gul IG, Demir S, Karlidag
R. Analysis of manganese superoxide dismutase (MnSOD:
Ala-9Val) and glutathione peroxidase (GSH-Px: Pro 197 Leu)
gene polymorphisms in mood disorders. Bosnian Journal of
Basic Medical Sciences. 2013 May;13(2):109-113. https://doi.
org/10.17305/bjbms.2013.2390.

Nissanka N, Moraes CT. Mitochondrial DNA damage and
reactive oxygen species in neurodegenerative disease. FEBS
letters. 2018 Mar;592(5):728-742. doi: 10.1002/1873-3468.12956.
Al-Terehi MN, Altimari US, Kadhim AJ, Kadhum AM. The
Glutathione S-Transferasee (GSTT and GSTM) Genotyping and
Alcohol Level in Drunks. International Journal of Pharmaceutical
Quality Assurance. 2021;12(4):331-333.

Alkadir OKA, Al-Mashhadani ZI, Al-Terehi MN, Al-Rrubaei
HA, Alkaim AF. The Estimation of Oxidative Stress from
Alcohol Use Disorders in Iraqi Population. International Journal
of Pharmaceutical Quality Assurance. 2021;12(4):300-302.
Kiran B, Karkucak M, Ozan H, Yakut T, Ozerkan K, Sag S,
Ture M. GST (GSTM1, GSTT1, and GSTP1) polymorphisms in
the genetic susceptibility of Turkish patients to cervical cancer.
Journal of Gynecologic Oncology. 2010 Sep 1;21(3):169-173.
https://doi.org/10.3802/jg0.2010.21.3.169.

Abbasi M, Daneshpour MS, Hedayati M, Mottaghi A, Pourvali
K, Azizi F. The relationship between MnSOD Vall6Ala gene
polymorphism and the level of serum total antioxidant capacity
with the risk of chronic kidney disease in type 2 diabetic
patients: a nested case-control study in the Tehran lipid glucose
study. Nutrition & metabolism. 2018 Dec;15(1):1-8. https:/doi.
org/10.1186/s12986-018-0264-0

Al-Hemiary NJ, Al-Diwan JK, Hasson AL, Rawson RA.
Drug and alcohol use in Iraq: findings of the inaugural Iraqi
Community Epidemiological Workgroup. Substance use &
misuse. 2014 Nov 10;49(13):1759-1763. https://doi.org/10.3109/
10826084.2014.913633.

Al-Terehi MN, Altimari US, Kadhim AJ, Kadhum AM. The
Glutathione S-Transferasee (GSTTand GSTM) Genotyping and
Alcohol Level in Drunks. International Journal of Pharmaceutical
Quality Assurance. 2021;12(4):331-333

Bhattacharjee P, Paul S, Banerjee M. et al. Functional
compensation of glutathione S-transferase M1 (GSTM1) null
by another GST superfamily member. GSTM2. Sci Rep.
2013;3:2704. https://doi.org/10.1038/srep02704

de Oliveira E, de Aquino Castro R, Vieira Gomes MT, et al. Role
of glutathione S-transferase (GSTM1) gene polymorphism in
development of uterine fibroids. Fertil Steril. 2009; 91:1496-1498.
Allocati N, Masulli M, Di Ilio C, Federici L. Glutathione
transferases: substrates, inihibitors and pro-drugs in cancer and
neurodegenerative diseases. Oncogenesis. 2018;7(1):8. https://doi.
org/10.1038/s41389-017-0025-3.

Bailey LR, Roodi N, Verrier CS, Yee CJ, Dupont WD, Parl FF.
Breast cancer and CYPIA1, GSTM1, and GSTT1 polymorphisms:
evidence of a lack of association in Caucasians and African
Americans. Cancer Research. 1998 Jan 1;58(1):65-70.

Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL,
Lucier GW. Genetic risk and carcinogen exposure: a common

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

inherited defect of the carcinogen-metabolism gene glutathione
S-transferase M1 (GSTM1) that increases susceptibility to
bladder cancer. INCI: Journal of the National Cancer Institute.
1993 Jul 21;85(14):1159-1164.

Roth, M. J. et al. Association between GSTM1*0 and squamous
dysplasia of the esophagus in the high risk region of Linxian,
China. Cancer Lett. 2000;156, 73—81.

Seidegard, J. et al. Isoenzyme(s) of glutathione transferase (class
Mu) as a marker for the susceptibility to lung cancer: a follow up
study. Carcinogenesis 1990;11:33-36.

Zhang X, Yang J, Liu X, Zhao G, Li X, Xun G. Glutathione
S-transferase gene polymorphisms (GSTT1 and GSTMI)
and risk of schizophrenia: A case—control study in Chinese
Han population. Medicine. 2020 Sep 4;99(36). doi: 10.1097/
MD.0000000000021918.

Ghorbel R, Ben Salah G, Ghorbel R, ef al. Do GSTM1 and GSTT1
polymorphisms influence the risk of developing mitochondrial
diseases in a Tunisian population? Environ Sci Pollut Res Int
2018;25:577987.

Kalacas NA, Garcia JA, Sy Ortin T, et al. GSTMI1 and GSTT1
genetic polymorphisms and breast cancer risk in selected Filipino
cases. Asian Pac J Cancer Prev. 2019;20:52935.

Hameed NM, Al-Rrubaei HA, Alwan ZH, Al-Terehi MN.
Genotyping of Glutathione —S- Transferase M and T in vitiligo
patients, Annals of Tropical Medicine & Public Health. 2019;22
(IT) SPel42-45.

Uhm YK, Yoon SH, Kang 1J, et al. Association of glutathione
S-transferase gene polymorphisms (GSTM1 and GSTTI1) of
vitiligo in Korean population. Life Sci. 2017;81:2237.
Mandic-Maravic V, Mitkovic-Voncina M, Pljesa-Ercegovac M,
Savic-Radojevic A, Djordjevic M, Ercegovac M, Pekmezovic
T, Simic T, Pejovic-Milovancevic M. Glutathione S-Transferase
Polymorphisms and Clinical Characteristics in Autism Spectrum
Disorders. Frontiers in Psychiatry. 2021 Jun 25;12:974. doi:
10.3389/fpsyt.2021.672389

Bresciani G, Cruz IB, De Paz JA, Cuevas MJ, Gonzalez-Gallego
J. The MnSOD Alal6Val SNP: relevance to human diseases and
interaction with environmental factors. Free Radical Research.
2013 Oct 1;47(10):781-792, DOI: 10.3109/10715762.2013.836275
Bag A, Bag N. Target sequence polymorphism of human
manganese superoxide dismutase gene and its association with
cancer risk: a review. Cancer Epidemiology and Prevention
Biomarkers. 2008 Dec 1;17(12):3298-305.
Shimoda-Matsubayashi S, Matsumine H, Kobayashi T,
Nakagawa-Hattori Y, Shimizu Y, Mizuno Y. Structural
dimorphism in the mitochondrial targeting sequence in the
human manganese superoxide dismutase gene. A predictive
evidence for conformational change to influence mitochondrial
transport and a study of allelic association in Parkinson’s disease.
Biochem Biophys Res Commun 1996;226: 561-565.

Holley AK, Dhar SK, Xu'Y, St Clair DK. Manganese superoxide
dismutase: beyond life and death. Amino Acids 2012;42:139-158.
Cerretani D, Fineschi V, Bello S, Riezzo I, Turillazzi E, Neri M.
Role of oxidative stress in cocaine-induced cardiotoxicity and
cocaine-related death. Current medicinal chemistry. 2012 Nov
1;19(33):5619-5623. doi: 10.2174/092986712803988785. PMID:
22856662.

Zeng XS, Geng WS, Wang ZQ, Jia JJ. Morphine addiction
and oxidative stress: The potential effects of thioredoxin-1.
Frontiers in Pharmacology. 2020 Feb 21;11:82. doi: 10.3389/
fphar.2020.00082. PMID: 32153403; PMCID: PMC7047156.

1IJPQA, Volume 13 Issue 1, January 2022 — March 2022

Page 15


https://doi.org/10.17305/bjbms.2013.2390
https://doi.org/10.17305/bjbms.2013.2390
https://doi.org/10.3802/jgo.2010.21.3.169
https://doi.org/10.3109/10826084.2014.913633
https://doi.org/10.3109/10826084.2014.913633
https://doi.org/10.1038/s41389-017-0025-3
https://doi.org/10.1038/s41389-017-0025-3
https://doi.org/10.3109/10715762.2013.836275

The Antioxidant Enzymes Gene Polymorphisms (GST and MnSOD Alal6Val SNP) in Poly-substance Abuse Cases

35. McDonnell-Dowling K, P Kelly J. The role of oxidative stress in
methamphetamine-induced toxicity and sources of variation in
the design of animal studies. Current neuropharmacology. 2017
Feb 1;15(2):300-314. doi: 10.2174/1570159x14666160428110329.
PMID: 27121285; PMCID: PMC5412700.

36. Sevastre-Berghian AC, Fagarasan V, Toma VA, Béldea I,

Olteanu D, Moldovan R, Decea N, Filip GA, Clichici SV.
Curcumin reverses the diazepam-induced cognitive impairment
by modulation of oxidative stress and ERK 1/2/NF-«xB pathway
in brain. Oxidative medicine and cellular longevity. 2017 Oct
2;2017.. doi: 10.1155/2017/3037876. Epub 2017 Oct 2. PMID:
29098059; PMCID: PMC5643119.

1JPQA, Volume 13 Issue 1, January 2022 — March 2022 Page 16



