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ABSTRACT 

Drug addiction, is one of the world’s major health problems, with large 

direct health costs (psychiatric and physical). In opioids addiction, heroin 

dependence is included among chronic complex, multifactorial diseases. To 

explore genetic susceptibility of opioid addiction in Pakistani populations, a case-

control study was designed. The detailed history of controls and addicts was 

collected along with a single blood sample for DNA extraction and genotyping. 

Markers from five candidate genes; OPRMI, OPRKI, PDYN, DRD2, DAT were 

genotyped using PCR-based methods. Associations of single markers with 

addiction and external/environmental factors were estimated using statistical 

models. Haplotypes of selected genes markers were constructed and risk/protective 

haplotypes were explored. Statistical significant associations with opioids addiction 

were found for OPRM1 rs563649, rs9282818 and DRD2 rs12364283 markers 

while PDYN variant rs910080 showed a protective effect in our studied 

populations. Age, drug dose and stress were found significant external contributing 

risk factors for addiction. Some of the OPRM1 and DRD2 haplotypes contributed 

towards addiction risk while a single haplotype of OPRK1 showed a protective 

effect. In gene-gene interaction analysis, OPRK1 rs16918875 and PDYN rs910080 

seemed to increase heroin addiction susceptibility while OPRK1 rs702764 and 

PDYN rs910080 may lower the risk of addiction. Sequence analysis revealed 

presence of already reported SNPs/variations with no novel mutation/variation. 

Study confirms that local Pakistani opioids addicts are genetically prone to 

addiction along with interplay of environmental factors. 
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Chapter1 

INTRODUCTION 

Addiction was not addressed thoroughly by scientific and medical 

communities till the latter half of 20
th

 century and was viewed as the disease of 

weak personality but later after some revolutionary studies now addictions are 

accepted as diseases of brain caused by the impact of drugs on brain, either by 

direct effect or by neuroadaptations. Different environmental factors that include 

epigenetic changes, addict mindset and also social influences like home 

environment, peer pressure and response to stress and stressors may contribute to 

risk of addiction. Though environmental factors play their role in addiction but the 

genetic makeup of an individual plays a crucial role in drug addiction 

susceptibility. In case of mental disorders including drug addiction, genetic 

predisposition includes multiple genes but establishment of causative relationship 

is difficult to establish. Furthermore the presence of specific polymorphisms in 

multiple genes may enhance or decrease the vulnerability for developing specific 

addictions (Yuferov et al., 2010). 

Whereas Kreek et al. (2005) tagged the factors into at least three categories 

that contribute into the susceptibility of the developing a specific addiction; these 

are (a) environmental factors, including cues, conditioning, external stressors and 

the stress they cause (b) factors induced by drug, that lead to a variety of molecular 

neurobiological changes resulting in altered behaviors (c) genetic factors; which 

contributes approximately for 40–60% of the risk of developing an addiction. In 

addition addiction to opioids may happen due to illicit use of heroin, from illicit 

prescription opioids, or correct or incorrect opioid treatment of the acute or chronic
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pain (Savage et al., 2008).  

Among frequently prescribed opioids are methadone, codeine, hydrocodone 

(Vicodin, Lortab), oxycodone, propoxyphene (Darvon), fentanyl (Duragesic, Actiq, 

Oralet), tramadol (Ultram), hydromorphone (Dilaudid), morphine (MS-Contin and 

others), and levorphanol (LevoDromoran). Available statistics of the last decade 

indicated a constant increase in both prescription and nonprescription opioids 

which resulted in uncontrolled substance abuse among adult populations (Fischer et 

al., 2006 a; Fischer et al., 2006 b). 

Opioids are considered as extremely addictive narcotics which are most 

commonly used in pain management but their abuse frequently directs the 

development of tolerance, dependence, and overdose.  In case of a number of acute 

and chronic conditions including chronic non-cancer pain (Fishbain et al., 2010) 

post-surgical care (Fischer et al., 2008; Hassouneh et al., 2011) and 

musculoskeletal pain (Brattwall et al., 2010). Opioids are used for pain relief but 

sometimes they are also given in non pain conditions like multiple sclerosis 

(Compton and Volkow, 2006; Rahn et al., 2011). Opiates are naturally derived 

substances that have a physiological effect on humans; the class of opioids 

specifically refers to natural, semi-synthetic, and synthetic chemicals which confer 

anti-nociception effects by acting at opioids receptors in the central nervous system 

(Fornasari, 2012). 

Drug addiction is a chronic, relapsing brain disease that is characterized by 

drug dependence, tolerance and compulsive seeking and use despite harmful 

consequences, if left untreated, it can cause major medical, social and economic



3 

 

 

 

problems. This complex disorder is a worldwide major public health problem. 

Drugs categorized as stimulants, sedatives, hallucinogens and opioids are being 

abused throughout the world including Pakistan. In the context of Pakistan opioids 

are commonly abused but heroin is one of the major drugs of addiction in young 

boys and men.  

The drugs of abuse; cocaine, nicotine, amphetamines, ethanol, cannabinoids 

and opioids are major addictive drugs and according to Koobs and LeMoal drug 

addiction results in dysregulation of the reward mechanism and subsequent 

allostasis, the ability to achieve stability through change (Koobs and LeMoal, 

1997). Naturally derived substances called opiates are considered as highly 

addictive narcotics having a physiological effect on humans whereas the opioids 

particularly refers to natural, semi-synthetic, and synthetic chemicals for which 

opioids receptors in central nervous system are the target sites to award their effects 

(Fornasari, 2012).  

Furthermore heroin is an opioid, derived from the opium poppy and its 

chemical name is diacetylmorphine and active compound is known as morphine. 

During chemical modification of natural alkaloid morphine to heroin acetyl group 

is added to make its penetration in the blood brain barrier speedier than morphine. 

After crossing the barrier, it rapidly gets converted into an active metabolite 6-

monoacetylmorphine which is further de-acetylated to morphine. Then morphine 

interacts with mu opioids receptors and activation of the receptor further results its 

effects in form of analgesia, miosis, respiration depression, reduced gastrointestinal  

motility and euphoria (Francesco et al., 2003). 
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Depression, stress and anxiety have been shown to exert vulnerability for 

initiation and development of drug addiction (Kreek et al., 2004). The 

dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis may contribute to 

acquisition, persistence, and relapse to drug addiction (Kreek et al., 1983). 

 

 

 

 

Different drugs of abuse share the same addiction syndrome. The 

dopaminergic neurons of mesocorticolimbic dopaminergic system in the Ventral 

Tegmental Area (VTA) of the midbrain and their projections to the Nucleus 

Accumbens (NAc) and then to the Prefrontal Cortex (PC) has been considered as 

crucial component of the reward pathway (Koob, 2000).  

According to National Institute of Drug Addiction (NIDA) social and 

psychological factors have a major contribution to addiction but it is clear that 

genetic factors also weigh in. Addiction genes are responsible for biological 

differences that can make someone more or less vulnerable to addiction. It may be 

harder for people with certain genes to quit once they start or they may experience 

more severe withdrawal symptoms if they try to quit. Factors that make it harder to 
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become addicted also may be genetic. But someone's genetic makeup will never 

doom them to inevitably become an addict, environment makes up a large part of 

addiction risk (NIDA, http://drugabuse.gov). 

In addiction chronic drug use alters gene expression, which activates or 

attenuates biochemical pathways and produces neuroadaptive changes in signal 

transduction functions. Identifying these variants is important for the understanding 

of the possible causes of this disease and to improve its diagnosis and treatment as 

well as for primary prevention purposes (Loh et al., 2007).  

Addictive diseases, including addiction to heroin and prescription opioids 

pose massive personal and public health costs. Opioids are among most commonly 

used and effective human analgesics. It is suggested by animal and human studies 

that there are multiple factors which influence variations in opioids analgesia and 

side effect profiles but genetic variability weighs more. Though literature manifests 

the involvement of a number of gene variants in opioids addiction but evidences 

from research strengthen the observation that opioids system genes; mu-opioids 

receptor gene, kappa- opioids receptor gene and delta opioids receptor gene 

encodes for mu (µ), kappa (k) and delta opioids receptor are important sites of  

action for opioids but studies indicated mu-opioids receptor as the prime target for 

both endogenous and exogenous opioids analgesics and also it plays a critical role 

in mediation of basal nociception and responses of µ-opioids receptor agonists 

(Edwards et al., 2006). 

Different studies provided evidence that in genetic factors, allelic variants 

in the gene locus coding for µ-opioids receptor are significant contributors for the 

http://drugabuse.gov/nidahome.html
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variations in the responses to MOR agonists (Thompson et al., 2000; Duguay et al., 

2004; Klepstad et al., 2004). 

In human µ-opioid receptor is distributed in brain, spinal cord, sensory 

neuron including intestinal tract and extract of different studies indicated that this 

receptor may be responsible for the physiological basis of analgesia, tolerance, 

physical dependence, respiratory depression, miosis, euphoria, pain perception, and 

reduced gastrointestinal motility. Gene coding for OPRM1 protein is located on 

chromosome 6q24–q25 (Kreek, 1996; Roy et al., 1998; Narita et al., 2001; Lotsch 

and Geisslinger, 2006; Johnson et al., 2008; Shabalina et al., 2009).  

All opioids including heroin binds with mu-opioid receptor both for 

analgesic and rewarding effects which make the OPRM1 gene, the most 

extensively studied candidate gene in opioids addiction (Uhl, 1999). Among 

functional polymorphisms identified in humans, rs1799971 (A118G) is the most 

widely studied polymorphism with significant associations for opioids. Whereas 

results of a meta-analysis study showed no significant association of rs1799971 

(A118G) functional SNP with opioids dependence (Glatt, 2007). Being parts of 

opioidergic system other important candidate genes are prodynorphin (PDYN), 

proenkephalin (PENK), and the kappa (OPRK1) and delta opioids receptors 

(OPRD1) but consistent results are not reported by studies on these candidate genes 

for opioids addiction (Mayer et al., 1997; Franke et al., 1999; Comings et al., 1999; 

Ray et al., 2005; Gerra et al., 2007; Zhang et al., 2008). 

Although µ-opioids receptor is the prime target site for most of the opioids 

actions like tolerance, reward, and analgesia but there is an escalating interest for 
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understanding of working and role of κ-opioids receptors (KOR) in addiction of 

drugs of abuse reward (Matthes et al., 1996; Reisine and Pasternak, 1996; Zadina 

et al., 1997). Kappa opioids receptor (KOR) is attaining focus in research for 

understanding its role in substance dependence because it is distributed in 

dopaminergic nigrostriatial and mesolimbic mesocortical  systems which serves as 

the recognized sites of action for addictive drugs (Zhang et al., 2004). It is the 

human OPRK1 that codes for κ-opioid receptors and is located on chromosome 

8q11.2. Human OPRK1 consists of four exons and three introns and untranslated 

(UTR) regions of 660 and 3576 nucleotides respectively at the 5′ and 3′ ends. Even 

though some studies have explored association of some of the variants of OPRK1 

with drug addiction but there is no detection for distinct identification of risk allele 

but human KOR has functional interaction with the MOR and due to this role, 

OPRK1 has been receiving much attention (Yuferov et al., 2004; Edenberg et al., 

2008). 

The δ opioid receptor is also a part of the opioids receptors system in 

humans and OPRD1 is the gene that codes for this receptor. It is located on 

chromosome 1p34. A number of studies published with the results of association 

for changed allelic frequencies between OPRD1 polymorphisms and opioids 

dependency (GeneCards Human Gene Database, 2011). 

Although opioids receptor system is the central target site for the opioids 

action but studies indicated that the stimulation of dopaminergic brain reward 

pathways in the mesolimbic system is a key step in addiction, besides this it is 

considered as a common effect of different addictive substances, such as alcohol, 
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nicotine and heroin, and to be vital for their addictive properties (Koob, 1992; 

Wise, 2004). In human brain D1 and D2 family are the two types of this receptor. 

In brain amygdala, nucleus accumbens (NAc), substantia nigra, hypothalamus, and 

thalamus are the areas where D1 and D5 receptors of D1 family are basically 

distributed while in hypothalamus and the nuclei of the thalamus D2, D3, and D4 

receptors of D2 family are present (Luquin and Sanz, 2011). Research has put 

forward that the expression of dopamine receptors in mesolimbic pathway and 

release of dopamine is linked with addictive activities like impulsivity, novelty-

seeking, and reward deficiency syndrome (Volkow et al., 2002; Everitt et al., 

2008). 

In consequences of research, genes of the dopamine receptor are considered 

the utmost crucial candidates for the studies of genetic polymorphisms and their 

effects related to opioids addiction susceptibility including other addictive drugs 

(Ebstein et al., 1996; Kotler et al., 1997; Volkow et al., 2002; Dalley et al., 2007; 

Gerra et al., 2007). It is the mesocortical dopaminergic pathway that is commonly 

associated with reward system and with the context of addiction it is thought to be 

a disorder of reward sensitivity (Volkow et al., 2010).  

Though there is a long list of candidate gene variants contributing to central 

nervous disorders but only a few genes have been recognized as unambiguous risk 

factors and dopamine receptor genes are the well known candidate genes having 

evidences for implication in addiction. Convincing information indicates that 

dopamine system is either directly or indirectly activated by all addictive drugs 

(Wise, 2002). Even though dopamine is the chief neurotransmitter but numerous 
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neurotransmitter and enzyme systems have been shown as a contributor to 

strengthen the effects of addictive drugs consists of opioids peptides, glutamate, 

endocannabinoids, serotonin, γ-aminobutyric acid (GABA) and metabolic enzymes 

(Torregrossa and Kalivas, 2008; Gilpin and Koob, 2008). Despite the fact that in 

brain disorders like drug addiction function of all dopamine receptors  is crucial but 

abnormal subcortical dopamine D2 receptor (DRD2) signaling has a critical role to 

play and besides it,  polymorphisms in DRD2 are also associated to effect neuronal 

activity during working memory (Zhang et al., 2007). 

Dopamine transporter (DAT) is another gene implicated in reward pathway 

and is located on chromosome 5p15.3 having 15 exons spanning 52,638 bp is also 

a plausible susceptibility gene for drug addiction (Lafuente et al., 2007). In drug 

addiction dopaminergic signaling proteins are considered for important role to play 

and it is the dopamine transporter which is involved in regularization of 

neurotransmission by terminating the reuptake of dopamine into presynaptic 

terminals. Dopamine transporter performs this function by terminating the reuptake 

of dopamine into presynaptic terminal (Ciccarone, 2011; Epps and Holt, 2011; 

Suzler, 2011). 

Epidemiological studies have long established that genetic factors account 

for 40-60% of risk. The relatively high heritability of addiction indicates that 

genetic variants may play a role in vulnerability to its development. Some recent 

studies indicate high rates of heritability for addiction drugs, including addiction to 

opiates and cocaine (Nestler, 2000; Yuferov et al., 2010). 

For candidate gene associations with drug addiction case-control studies are 
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 the commonly used study designs but consistency in the results have been found 

among family, twin, adoption studies and the results reported by case control for 

contribution of genetic factors in developing the dependence and then relapse after 

treatment, though interaction of environmental factors also play their role in 

developing the dependence behavior (Cadoret et al., 1986; Kendler et al., 2000; 

Xian et al., 2000; Tsuang et al., 2001). It has been concluded by the results of 

studies on probands suffering with drug abuse disorders and their families that 

there is a well built association amongst different genetic and environmental 

determinants of dependence and different drug group (Merikangas et al., 1998). In 

addition to this these studies aided to find the level of contribution of genetics via 

estimation of heritability factor (Merikangas et al., 1998; Xian et al., 2000). 

Genetic factors, shared family environmental factors and random or unique 

environmental factors are the three types of factors which are used to describe the 

heritability in these studies (Tsuang et al., 1998). 

International statistics about drug use indicated a steady rise in number of 

drug addicts annually throughout the world, figures published in the world drug 

report 2014, shown that around 243 million people used illicit drugs in 2012. While 

in the context of Pakistan, also a number of surveys indicated that graph of drug 

abusers is rising sharply. According to drug use report 2013, conducted in Pakistan, 

almost six percent of total population used drugs in the previous year.  

In Pakistan people uses different types of drugs, of which a substantial 

number uses opioids, specifically heroin which has deleterious effects on body. Not 

only the number of people with opioids addiction in Pakistan has been increasing 

annually but the reported figures also shown an alarming increase in drug users 
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who are injecting the drugs with high rate of incidence of blood borne diseases 

among them. Malik and Sarfraz (2011) explained that in Pakistan drug addicts who 

are injecting drugs, approximately 8% are suffering with HIV infections, 18% with 

tuberculosis and 11% with Hepatitis C infections. Furthermore, there is also 

scarcity in the availability of treatments or specialist interventions to drug 

dependents which makes the circumstances worst and making it a serious public 

health problem in Pakistan. 

However in treatments to maintain the drug addicts, most commonly 

methadone which is a long lasting mu-opioid receptor agonist is internationally 

used for the treatment of heroin addiction but at present well known levo-

alphaacetylmethadol (LAAM) and buprenorphine are used as partial agonist for 

treating opioids dependency. Other than this naloxone and naltrexone are used as 

full antagonists to treat addiction of opioids, either agonists or antagonists are used 

for treatment, all acts at the mu opioids receptor (Mello et al., 1993; Ling et al., 

1994; Strain et al., 1994 a; Strain et al., 1994 b; Ling et al., 1996; Comer et al., 

2001; Collins and Fischman, 2001; Gustein and Akil, 2001; Petitjean et al., 2001). 

In view of the foregoing observations, and analysis based on the significant 

differences in allele frequencies in other populations of the world, it is 

hypothesized that Pakistani opioids drug addicts carry similar addiction 

susceptibility markers already reported in other populations of the world. The 

present investigation has, therefore, been designed for: 

[ 

i) Characterization of opioids addiction susceptibility markers in our 

population. 

ii)  Determination of risk and protective haplotypes. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1  DRUG ADDICTION 

Addiction is a chronic, relapsing brain disease characterized by compulsive 

drug seeking, drug abuse, tolerance and physical dependence despite of harmful 

consequences. Vulnerability to addiction differs from person to person, being a 

complex disease it can be influenced by a multitude of highly entangled factors with 

genetic, behavioral, environmental and developmental factors including gender and 

ethnicity also as contributing factor. Higher the “risk” factors greater the chance to 

become addict while protective factors reduce risk of developing addiction. As 

addiction is a brain disease and human brain consists of extremely intricate 

communication network which is planned to reward certain behaviors for repetition. 

It is shown by research that in addiction drugs of abuse strike to these important 

mechanisms geared for survival of humans. Furthermore research also revealed that 

by addiction not only multiple integrated circuits involved in reward and motivation 

are affected but it also affects memory and inhibitory control. In brain, disruption of 

these circuits affects an individual’s ability to freely choose not to use drug in spite 

of harmful consequences, so helplessness to stop addiction is its essence (addiction 

research, 2008). 

Addictive substances induce pleasant states, euphoria in the initiation phase 

or relieve distress but continued use of drugs induces adaptive changes in the central 

nervous system which leads to tolerance, physical dependence, sensitization, 

craving, and relapse. The World Health Organization (WHO) and the American   

Psychiatric Association use the term “Substance Dependence” rather than the “Drug 
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Addiction” (Cami and Farre, 2003). 

Genetic markers and associated SNPs in the opioids receptor genes can alter 

binding and signal transduction in the resulting receptor and may have implications 

for normal physiology, therapeutics, and vulnerability to develop or protection from 

diverse diseases including addictive diseases. Along with various environmental 

factors different genes are reported to be associated with an individual’s ethnicity 

and susceptibility. For the screening of individuals at risk, the identified genes and 

their associated variants are of considerable use. A number of genes and associated 

variants are reported to be linked strongly with increased drug addiction 

susceptibility in different ethnic groups all around the world but these gene variants 

are not screened in Pakistani populations. Thus there is a dire need to genetically 

screen our population for identification of strongly associated opioids addiction 

susceptibility markers and determination of risk and protective haplotypes in our 

population with and without a family history of addiction and in future further 

research may lead to establishment of specified/improved treatments for drug 

addicts. 

2.1.1 Prevalence of Drug Addiction 

Drug addiction is a major health issue of the whole world and incidence of 

drug addiction has increased over the past 20 years, not only in underdeveloped 

countries but developed countries are also the victim of this issue. Estimates given 

by the report (2014) World Drug Report of the United Nations Office on Drugs and 

Crime (UNODC) indicated that almost 243 million people in the whole world 

which is round about 5 percent of the total population having age limit between 15 -

64 years used illicit drugs in 2012. While roughly 27 million adult populations
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which is about 0.6 percent of the world’s population is drug dependent. Whereas in 

2009 estimated figures in USA were as, 5.3 million people used opioids 

medications non-medically, heroin users were 200000 and African Americans who 

used illicit drugs were about 9.6% (World Drug Report, 2014. www.unodc.org). 

Figures quoted in international statistics that approximately 13.5 million 

individuals in the world take opium like substances together with 9.2 million who 

use heroin. Other figures reported by a survey were 153,000 heroin users in US, 

conducted in 2007 by (National Survey on Drug Use and Health, 

www.drugfreeworld.org). 

At present in 2014 estimated population of Pakistan is over 186 million; 

making it world’s sixth most-populous country. In Pakistan surveys conducted on 

drug abuse in 1980, 1982, 1988, 1993, 2000 and 2006 point to 7% annual rise in 

number of drug abusers. National Assessment Report on Problem Drug Use, 2006 

was conducted in Pakistan and reported 628,000 opiate users in Pakistan, out of 

which approximately 482,000 (77 percent) were heroin users. Whereas at provincial 

level, reported prevalence rate of opiate user in Punjab was 0.4 percent, in Sindh 0.7 

percent and in KPK and Baluchistan it was 1.1 percent. Estimates of 2006 survey 

indicated 125,000 addicts were injecting drugs which were double the figures 

quoted for estimates of drug users through injections in 2000 (Malik and Sarfaraz, 

2011). 

The figures given by the report conducted on Drug use in Pakistan in 2013 

estimated that a considerable proportion of Pakistani population with age range of 

15 to 64 was indulged in drug abuse and facing distressing consequences of drug 

abuse. According to this report almost 6.7 million adults in Pakistan were suffering 

http://www.unodc.org/
http://www.drugfreeworld.org/
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in drug abuse prior to 2013. However majority of the people abusing drugs were in 

age range of 25 and 39 years. Whereas the estimated figures reported for drug 

dependents in Pakistan were 4.25 million. A bigger number is injecting the drugs 

which have increased the prevalence of HIV, Hepatitis, Tuberculosis and other 

blood borne diseases among drug abusers (Drug Use in Pakistan, 2013 

https://www.unodc.org/pakistan). 

2.2 CLASSIFICATION OF ADDICTIVE DRUGS  

Drugs of abuse include following major groups; narcotic analgesics, 

stimulants, depressants, hallucinogens, cannabis, volatile solvents and also some 

other drugs of abuse which include painkillers, anti-histamines, anti-emetics and 

anti-depressants/anti-psychosis. Effects, subsequent dependence and withdrawal 

symptoms are different for different drugs. These drugs are strongly known for 

dysregulation of the reward mechanism and subsequent allostasis, the ability to 

achieve stability through change (Koobs and LeMoal, 1997). Some class 

representative drugs which are commonly used as addictive drugs, for the major 

drug groups are; 

2.2.1 Narcotic Analgesics  

Gustein and Akil, (2001) stated that classification of drugs is based on the 

receptors on which they agonize or antagonize. These are the pain killing or pain 

relieving drugs having opium like effects. Natural sources for this class are opium, 

morphine, and codeine while semi-synthetic drug is heroin and this class also 

includes buprenorphine (tidigesic), methadone, and pentazocine as synthetic 

compounds. 

https://www.unodc.org/pakistan


16 

 

 

 

2.2.2 Stimulants 

This class of addictive drugs excites or speeds up the functions of central 

nervous system. Amphetamines and cocaine are two major drugs. 

2.2.3 Depressants  

This class includes drugs which depress or slows down the functions of 

central nervous system. Sedative–hypnotics–barbiturates, benzodiazepines and 

alcohol are commonly used. 

2.2.4 Hallucinogens 

Hallucinogens are drugs which affect perception, emotions and mental 

processes. In this class commonly abused drugs are LSD-lysergic acid 

diethylamide, PCP–phencyclidine, mescaline, and psilocybin. 

2.2.5 Cannabis 

Drugs from cannabis plant come under this category. These are marijuana, 

hashish/charas, hashish oil, bhang. 

2.2.6 Volatile solvents 

Volatile solvents include volatile hydrocarbons, petroleum derivatives. 

Usually glue and solvents like varnish, eraser fluids and petrol are used for sniffing  

(Drugs of abuse-classification and effects, http://www.addictionindia.org). 

2.3 MECHANISMS OF OPIOID FUNCTION AND DEPENDENCE 

POTENTIAL 

Different types of drugs are being abused and have different acute 

mechanisms of action but shares one common pathway in the brain that is the 

brain's reward pathway and also results a series of common functional effects in 

http://www.addictionindia.org/
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response of both acute and chronic administration. Presently researchers are more 

interested in making advancement in understanding the molecular and cellular basis 

of these common effects with emphasis to find in future that whether such common 

underpinnings of addiction can be exploited for the development of more effective 

treatments for a variety of addictive disorders (Nestler, 2005). 

Studies indicated that in human brain; mu (µ), kappa (κ), and delta (δ) are 

the analgesic receptors and opioids are typified by their ability to bind these 

receptors along with their neural signal transmission. Moreover, both in the central 

and peripheral nervous tissues, opioids receptors are distributed (Zhu, 1998; Narita 

and Funada, 2001; Zhang et al., 2008). The allocation of receptors is not uniform 

throughout the brain; besides this their concentration also varies depending on their 

classification. Amygdala, the nucleus accumbens (NAc), and the caudate putamen 

are the areas extremely rich for all opioids receptors (Mansour et al., 1987).  

Gamma-aminobutyric acid (GABA)-ergic interneurons which are a part of 

intricate neural circuitry involved in opioids dependence are present in amygdala, 

NAc, CP and venteral tegmental area (VTA) (Kalivas and Volkow, 2005; Kalivas, 

2009). In human brain natural opioids, the endogenous opioids peptides including 

enkephalins, β-endorphins, endomorphins and dynorphins, are mediated by their 

binding to opioids receptors (Sher, 2004; Zhang et al., 2008). Moreover they 

perform a significant function to adapt the mood along with regulation of response 

to stress (Zhu, 1998; Contet et al., 2004; Bilkei et al., 2008). The target sites are the 

opioids receptors both for exogenous and endogenous opioids peptides in the 

human brain. In addition to this binding attraction for different ligands vary among 

opioids receptors and also provoke varying degrees of analgesic effect and anti-
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nociception besides other physiological effects (Narita and Funada, 2001; Zhang et 

al., 2008). 

Dopamine is a neurotransmitter found in brain regions that regulates 

movement, emotion, cognition, motivation and feelings of pleasure. Dopamine is 

the most important neurotransmitter responsible for eliciting feelings of euphoria 

and pleasure, which is the key component of the mechanism of dependence 

(Kalivas, 2009). 

Stimulation of dopaminergic pathway is obligatory for dopamine 

transmission which is achieved when dopamine neurotransmitter works in 

combination with opioids peptides and receptors. In this mechanism on binding 

opioids agonist to presynaptic mu-opioid recptors of (GABA)-ergic interneurons, 

release of GABA, which is an inhibitory neurotransmitter is decreased. 

Furthermore activation of the mu-opioid receptors and resulting inhibition of 

GABA-ergic neurons accounts for higher levels of dopamine release in reward 

pathway and creates a positive reinforcement of euphoria while levels of dopamine 

are directly related to euphoria. All other drugs also target the reward pathway for 

their action (Johnson and North, 1992; Kalivas, 2009). 

[2.4 MECHANISMS OF OPIOID DEPENDENCE  

All the drugs having reinforcing or rewarding properties may lead to 

addictiveness and addictive drugs basically target the neural circuits making the 

reward pathways in the brain and activation of the adaptive behavior is the function 

assigned to this pathway. Mesolimbic dopamine pathway is the vital concerned 

biological pathway in the context of addiction. The branching from dopaminergic 
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neurons of the VTA to the prefrontal cortex (PFC), amygdala, and the NAc 

constitutes this key pathway (Chao and Nestler, 2004; Kalivas and Volkow, 2005).  

 Although natural reward pathways in the brain are worthy for normal life 

functions which are in the form of motivated adaptive behaviors, like looking for 

food, getting relief from psychological distress. While in the context of drug 

addiction for regulation of motivation and then establishing the strength of 

behavior are under the supervision of prefrontal cortex (Jentsch and Taylor, 1999; 

Bush et al., 2002). It is the dysregulation of prefrontal cortical action which leads 

to dependence related behavior in people abusing drugs (Everitt et al., 2008). They 

also explained that shift from voluntary to compulsive use of opioids is theorized 

with shifting of dopamine pathways control from prefrontal cortical to dorsal 

striatal that results in loss of control on drug use. Furthermore another important 

factor involved in the pathophysiology of substance dependence is the behavioral 

sensitization, which is gradually increased responsiveness to the administration of 

opioids agonists (Guillin et al., 2001). That results in higher dopamine transmission 

to begin the positive reward for developing addiction by activating a shift from a 

dopamine-based system to a glutamate-based one in the mesolimbic pathway (Ross 

and Peselow, 2009). Changes in neuroplasticity which is linked with learning 

conditioned responses is another factor that contributes for developing drug 

dependence (Kalivas and Volkow, 2005; Guillin et al., 2001; David et al., 2002). 

It has been reported by the studies that the effectiveness of the opioids 

dependence treatments varies among individuals. Other than this variability in 

[[unpleasant side effects of opioids use in the form of nausea, depression, vomiting 

including dependence is also related with inter-individual differences. Two types of 
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Figure 2.1: Functions of some important parts of human brain (NIDA, 

http://www.drugabuse.gov). 
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Figure 2.2: Dopamine pathways and related functions in human brain (NIDA, 

http://www.drugabuse.gov).  
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Figure 2.3:     Activation of opiate receptor on binding opioids at interneuron 

(NIDA, http://www.drugabuse.gov). 
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of factors; external factors and internal preparedness of individuals are the major 

risks drug dependence susceptibility (Trescot et al., 2008; Fornasari, 2012). 

2.5 FACTORS CONTRIBUTING TO SUSCEPTIBILTY OF DRUG 

ADDICTION 

Drug addiction is a complex disease and its vulnerability is affected by 

highly entangled multiple factors. In a broad prospect the major risk factors are 

environmental factors and genetic factors along with contribution of behavioral and 

developmental factors. Extrinsic and intrinsic factors are the two types of variables 

which can influence the substance use disorder.  

2.5.1 External Risk Factors Influencing Substance Use Disorder 

Along with other factors, environmental risk factors which are 

characteristics in a person's surroundings may increase likelihood of becoming 

addicted to drugs. Domains such as community, family, school and friends have 

substantial role in influencing the vulnerability to addiction for a person. Their risk 

of addiction can develop in any of these domains but if these factors not affect as 

risk factors then they can play protective role. Studies have reported associations of 

many factors with an increased risk of developing opioids dependence but level of 

contribution of these factors is different among individuals. A correlation is also 

found among the quantity of risk factors and development of substance dependence 

(Zapata et al., 1998), though a small number of longitudinal and cross-sectional 

studies have been conducted but no large scale studies are well known in this 

context. 

Antisocial behavior, depression,  anxiety,  academic failure,  socioeconomic  
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Figure 2.4: Interplay of genetic and environmental factors leading to addiction  

   (NIDA, http://www.drugabuse.gov). 
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status, criminal behavior, physical/sexual abuse (Kilpatrick et al., 2000; Ronel and 

Levy-Cahana, 2011) hyperactivity (Zapata et al., 1998) and family history of 

substance dependence are some specific risk factors for adolescents (Ronel and 

Levy-Cahana, 2011). Furthermore levels of religious involvement, earlier age at 

first use, psychiatric history, or poor academic performance are additive possible 

factors to add in the rate of substance use (Tsuang et al., 1999). Findings also 

indicated that substance use in adolescents increases the risk of experiencing higher 

dependence severity and morbidity among male and female groups (Chambers et 

al., 2003).  

Drug abuse enhances the risk of having more dependence severity and 

morbidity at adolescence age both in males and females because early onset of drug 

use may result in neurobiological complications on developing brain. To establish 

the sound effects of early opioids use on the possibility of later use in life more 

detailed research is desirable (Chambers et al., 2003; Compton and Volkow, 2006).  

2.5.2 INTERNAL RISK FACTORS INFLUENCING SUBSTANCE USE 

DISORDER 

Even though the environmental factors specially communal circumstances 

and familial history could be the major external risk factors for substance use 

disorders but evidences from a number of studies supports the vision that the 

intrinsic factors such as biological and behavioral determinants may play a role to 

add in vulnerability of developing addiction disorder. Studies have also provided 

clues that the onset of dependence is linked with changes in biological pathways 

and some genetic polymorphisms (Zapata et al., 1998; Tsuang et al., 1999; 

Weinberg, 2001; Koob and Kreek, 2007). In addition studies reported that reward 
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deficiency, low dopamine receptor concentrations, sensation seeking and deficient 

self regulating mechanisms may put in to the onset of substance use disorders 

(Volkow et al., 2002; Dalley et al., 2007: Brewer and Potenza, 2008; Everitt et al., 

2008).  

To spot the persons with more chances of abusing the prescription opioids 

currently some tools are in access to assess behavioral outlines as risk factors. Use 

of tools like Structured Clinical Interview for DSM-IV (SCID), Opioids Risk Tool 

(ORT), and Current Opioids Misuse Measure (COMM) could be advantageous for 

assessment of behavioral risk factors related to drug dependence (Webster and 

Webster, 2005). 

2.6 GENETIC FACTORS 

Drug addiction is a multifactorial complex disorder that has a wide range of 

causes and studies have stated genetic component as a strong contributing factor for 

individual’s susceptibility to addiction. However it is indicated by research that this 

genetic basis for addiction has general and specific components for 

each drug abused. Although there is a long list of genes implicated in drug 

addiction but studies could not replicate either the association or identified 

functional mechanism related to specific effects of abused drugs for all the reported 

genes, associated with addictions of alcoholism, opiate and cocaine (Kreek et al., 

2004).  

Although case control studies are frequently used for determining the 

associations among candidate genes and complex multifactorial diseases but 

familial and genome wide studies are very important for authentic conclusions. A 
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study conducted by Merikangas and colleagues (1998) with the goal to explore the 

association among families of probands abusing different drugs and similar 

disorders affecting their relatives, and they found direct association among the two 

groups. Furthermore their results indicated that there was ten time more possibility 

for the relatives of probands with opioids dependency to suffer with opioids related 

disorders, (10.2, 95% CI: 3.2-32.6) are the quoted values of OR of the study. Hence 

familial and twin studies also confirmed the contribution of genetic susceptibility in 

drug addiction (Merikangas et al., 1998).  

Moreover due to high density of single nucleotide polymorphisms in 

genome to find the disease associations in genetically heterogeneous and mixed 

population’s genome wide association studies are more helpful in adding the 

already existing information (Risch and Merikangas, 1996).  

Opioids addiction is a part of group of addictions like cocaine, alcohol, and 

nicotine which are responsible for a worldwide public health crisis. As studies 

identified that the genetic factors weighs in enhancing the vulnerability to develop 

drug addiction and for heroin addiction contribution of genetic factors is 40–60%, 

signifying a complex inheritance mode in which multiple genes exert a small 

effect, along with the environment (Tsuang et al., 1996, 1998; Kendler et al. 2003). 

A number of family based linkage and association studies were conducted 

by researchers and identified association of several genetic variants with heroin 

addiction (Xu et al., 2004; Kreek et al., 2005 a, b; Cheng et al., 2005; Szilagyi et 

al., 2005; Proudnikov et al., 2006; Loh et al., 2007; Kreek and LaForge, 2007; Zou  
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et al., 2007; Nielsen et al., 2008). 

Even though there is a long list of associated gene (Table 2.1) variants but 

(Levran et al., 2008, 2009) elucidated  that some common candidate genes are 

those including variants in the genes encoding the mu and kappa opioid receptors, 

dopamine receptors D2 and D4, serotonin receptor 1B, GABA receptor subunit 

gamma 2, catechol-O methyltransferase (COMT), period circadian protein (PER3), 

proenkephalin (PENK), proopiomelanocortin (POMC), tryptophan hydroxylase 2 

(TPH2), Monoamine oxidase A (MAOA) and brain-derived neurotrophic factor 

(BDNF), Neurexin-3 (NRXN3), Nerve Growth Factor-β subunit (NGFB), 

Dopamine transporter (DAT), and Prodynorphin (PDYN). 

2.7 OPIOID ADDICTION AND CANDIDATE GENE STUDIES 

Studies provided the conclusion that threat of starting and then retaining the 

use of opiates up to the point of abuse and addiction is to a greater extent 

genetically transmitted and have different pattern from genetic risk factors for other 

addictive drugs. The most important studies in the field of addiction are 

pharmacogenetic studies and focused those candidate genes which have an 

expected and obvious role either in the pharmacokinetics or in the 

pharmacodynamics of opioids in the mesolimbic reward pathway because only 

some findings with significant results for allelic associations hardly provided 

replicated results in independent case-control or less stratification-prone family-

based association samples (Lichtermann et al., 2000). 

2.7.1  Dopamine Receptors Genes 

Studies demonstrated that it is reward pathway in the brain which is 

responsible for developing the drug dependence from the point of drug abuse for 
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addiction of opioids including other drugs whereas dopamine is the important   

neurotransmitter dispersed in the regions of central nervous system. It has 

significant role in regulating cognition, movement and feelings of pleasure by 

involving specific dopamine receptors (Volkow et al., 2002). 

 The D2 dopamine receptor is implicated in the mechanism of reward and 

reinforcement behavior was indicated by animal and human studies of addiction. In 

mice deficient of D2 receptors were observed for absence of opiate rewarding 

effects while in transgenic mice over expression of DRD2 leading to reduced self 

administration of alcohol was observed. Significantly decreased D2 receptor 

density was observed in the human brains of alcoholics as compared to control 

subjects. Overall these findings recommended that genetically determined variation 

in DRD2 expression and function can be altered by genetically determined 

variation in DRD2 expression and function and may contribute to heroin addiction 

susceptibility (Maldonado et al., 1997; Hitzemann, 2001; Thanos et al., 2001; 

Elmer et al., 2002; Volkow et al., 2002). It is DRD2 gene which has the 

information for coding D2 dopamine receptor and studies have provided the 

evidence that polymorphisms in this gene are implicated in central nervous 

disorders and with increased vulnerability of heroin use and addiction (Lawford et 

al., 2000; Dalley et al., 2007). 

Bruce and colleagues reported in results of their study which they conducted in 

Caucasian opioids addicts that DRD2 variants are involved in prediction of heroin 

use and methadone treatment outcome, suggesting pharmacogenetic approach for 

the treatment of addicts. Zhang and colleagues (2005) conducted a study to 

measure allelic mRNA expression in postmortem human striatum and prefrontal 
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cortex and then conducted scan of DRD2 locus for the single nucleotide 

polymorphisms and their findings summarized that regulatory DRD2 

polymorphisms modify mRNA expression, splicing and working memory 

pathways. Besides this they also suggested that identified regulatory variants of 

DRD2 not only affect cognitive processes but may have role in brain disorders, 

including schizophrenia and drug addiction. Hamidovic and colleagues (2009) 

designed a study and reported results for rs12364283 consistent with the study of 

(Zhang et al., 2007) for the same polymorphism. Researchers evaluated this SNP 

and found associated with DRD2 expression and strongly associated with 

neurobiological mechanisms, behavioral inhibition and impulsivity. 

Sullivan and colleagues (2013) conducted a study in Caucasians, Hispanics and 

African Americans cocaine addicted subjects to investigate interactions among 

regulatory polymorphisms in DRD2 and DAT genes. In conclusion of their study, 

they found a significant interaction between rs2283265 and DAT variant rs3836790 

(intron8 5/6 repeat). Their results are remarkable signals in the light of already 

provided findings for the involvement of rs2283265 in splicing and rs3836790 on 

DAT expression. Prior to this, researchers also provided the evidence for 

interactions between DRD2 and DAT genes (Bertolino et al., 2009). 

A study performed by comparing the striatal dopamine D2 and D3 receptor 

binding and dopamine release among  healthy controls and heroin addict  identified 

the reduced release of dopamine in heroin dependents (Martinez et al., 2012). Data 

from different studies explains the importance of dopamine variants in the risk of 

opioids dependence. In this context a study conducted in the European American 

(EA) and African American (AA) by Clarke and coworkers  (2014)  identified  that  
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Table 2.1:  Susceptibility genes with their variants involved in drug addiction  

26
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rs1076560 of DRD2 which is a functional single nucleotide polymorphism in 

dopamine receptor D2 (DRD2) and it is also involved in regulating splicing of the 

gene is associated with opioids dependency. 

Dopamine transporter (DAT) gene is another susceptibility gene for drug 

dependence because it is implicated in reward pathway by mediating dopamine 

reuptake and involved in monitoring the duration and intensity of dopaminergic 

signaling (Beitner-Johnson and Nestler, 1991; Volkow et al., 1997; Durston et al., 

2005; Durston et al., 2008; Forbes et al., 2009; Opris et al., 2009). 

Although a number of polymorphisms reported in DAT gene but the variable 

number tandem repeat (VNTR) polymorphism in the 3’ region remained focal 

point many studies and a study reported that increased expression DAT is 

associated with 10 repeat allele in 3’region.Whereas another study with 

inconsistent results suggested that 9-repeat allele is involved in enhanced 

expression rather than 10-repeat allele (Fuke et al., 2001; Michelhaugh et al., 

2001). Though the results of association of two reports for 10 and 9-repeat allele 

with enhanced expression of DAT conflicted with each other but findings of both 

reports are in agreement of involvement of 3’ region of DAT-VNTR polymorphism 

in increased expression. Furthermore, the findings that DAT_VNTR is associated 

with drug addiction of methamphetamines and alcohol strengthen the studies for 

association of DAT_VNTR with enhanced expression (Hong et al., 2003; 

Samochowiec et al., 2006). 

Pinsonneault and colleagues (2011) conducted a study for investigating the 

affect of regulatory polymorphisms on expression of DAT in human brain with 
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bipolar disorder measured allelic DAT mRNA expression in substantia nigra of 

human autopsy brain tissues for a clinical cohort with schizophrenia, bipolar 

disorder, depression, and controls and used two marker SNPs (rs6347 in exon 9 and 

rs27072 in the 3’-UTR). In their study, two variants rs6347 and rs3836790 (intron8 

5/6 VNTR) appear to affect DAT expression, but could not provide any evidence 

for the role of commonly tested 9/10 VNTR in the 3'UTR (rs28363170). In total 

four polymorphisms; rs6347, intron8 5/6 VNTR, rs27072 and 3’UTR 9/10 VNTR 

were genotyped but in conclusion only rs27072  was significantly associated with 

bipolar disorder and suggested that this variant may have considerable role in 

susceptibility of bipolar disorders. 

Variants in DAT are also implicated in susceptibility of cocaine addiction 

indicated by a study conducted in Brazilian cohort by Guindalini and colleagues 

(2006) but contrasting results produced in another study conducted in individuals 

of African descent that failed to support association between cocaine addicts and 3’ 

VNTR in DAT (Falk et al., 2010). 

2.7.2 Opioid Receptors Genes 

Opioids generate their physiological effects via μ, κ, and δ opioid receptors 

which belong to the class of G-protein coupled receptor. These receptors are linked 

OPRM1 with inhibitory G-proteins and dopaminergic neurons in opioids addiction 

(Kroslak et al., 2007; Trescot et al., 2008; Mistry et al., 2014).  

2.7.2.1 Mu-Opioids Receptor Gene (OPRM1)  

The OPRM1 gene encoding μ1 receptor is present on chromosome 6q24-q25 

(Kapur et al., 2007) and associated with respiration, gastrointestinal motility, 
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physical dependence, euphoria, and analgesia. Studies proved its role as a main 

target for opioids drugs and peptides and involved in mediating the effects of 

morphine and heroin (Basbaum and Fields, 1984; Kreek, 1996). 

 

In addition by intruding the dopaminerging pathways, it also has a role in 

addiction of drugs like cocaine, nicotine, and alcohol (Kreek, 1996; Herz, 1997). 

Because of central role in drug addiction detailed studies of this gene has 

recognized a number of SNPs which are related with addiction of opioids and also 

providing evidences for ethnic variations in opioids dependence. 

Among SNPs of OPRM1, A118G (Asn40Asp) is reported with a relatively 

high allelic frequency, have functional consequences and being a missense SNP it 

substitutes the asparagine residue with aspartic acid at N-teminal region and this 

change of amino acids reduces the number of sites for N-linked glycosylation of 

the receptor from five to four providing a strong base for considering it as a prime 

polymorphism of OPRM1 gene (Skarke et al., 2003; Klepstad et al., 2004; Rakvag 

et al., 2005; Chou et al., 2006). 

Single Nucleotide Polymorphism rs1799971 (A118G) was associated with 

heroin addiction and alcohol dependence in certain populations in some studies, but 

not in others (Glatt et. al., 2007). Association was also found between two OPRM1 

haplotype blocks and drug or alcohol dependence in Caucasians, and between three 

tag SNPs and the response to heroin in first use in Han Chinese (Zhang et al., 

2007). Hoehe and colleagues (2000) identified a haplotype pattern in the 50 

regulatory regions that is associated with polysubstance dependence. In a study 
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SNP array was focused and significant results were found for heroin addiction 

vulnerability in African American and European American populations (Levran et 

al., 2009). 

Studies reported that hypothalamic–pituitary–adrenal (HPA) axis has 

important role in stress responses and mu-opioid receptor is implicated to modulate 

the stress response of HPA axis and this response is distorted in drug dependents. 

Higher basal level of cortisol were reported in healthy subjects having 118G allele 

and better cortisol responses were observed in case of opioid receptor blockade 

with naloxone but the effect was only limited to European Americans whereas 

Asians failed to show the effect, so the effect may be population specific (Wand et 

al., 2002; Hernandez-Avila et al., 2003; Bart et al., 2006; Hernandez-Avila et al., 

2007).  

A study conducted  by Albert et al. (2006)  included 19 publications on 

association between A118G (rs1799971) and substance dependence, all having 

case control design to evaluate the frequency of Asn40Asp alleles among cases and 

controls (Bergen et al., 1997; Bond et al., 1998; Sander et al., 1998; Town et al., 

1999; Gelernter et al., 1999; Gscheidel et al., 2000; Hoehe et al., 2000; Li et al., 

2000; Szeto et al., 2001; Rommelspacher et al., 2001; Franke et al., 2001; Schinka 

et al., 2002; Shi et al., 2002; Crowley et al., 2003; Luo et al., 2003; Tan et al., 

2003; Kim et al., 2004 a, b; Ide et al., 2004; Loh et al., 2004; Bart et al., 2004, 

2005). In conclusion results of this metanalysis study demonstrated no evidence for 

association of Asn40As with addictive drugs but still there were some studies with 

significant association of this polymorphism and drug dependence. Conflicting 
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results of the studies suggests that it may be due to chance or another elucidation is 

that might be due to the presence of Asn40Asp in linkage disequilibrium (LD) with 

another polymorphism which expresses primary effect on vulnerability to drug 

dependence whereas phase of the LD varies by population. Studies with haplotype 

analyses also remained unsuccessful to have consistent conclusions for association 

of rs1799971 (A118G) variant and drug dependence susceptibility (Hoehe et al., 

2000; Shi et al., 2002; Crowley et al., 2003; Luo et al., 2003). 

Shabalina et al. (2009) conducted a study and performed comparative 

genome analysis for searching new functional SNPs and observed the evidence for 

presence of an expanded human OPRM1 locus having new promoters, alternative 

exons and regulatory elements. While examining the polymorphisms within this 

gene locus, they identified a strong association between pain sensitivity and a 

single nucleotide polymorphism rs563649 located in a novel exon 13 of OPRM1 

having isoform MOR1-K. It was also observed that as variant is present in 

structurally conserved internal ribosome entry site (IRES) in the 5’UTR; it affects 

mRNA and translation efficiency. In addition to this rs563649 exhibits strong 

linkage disequilibrium with entire OPRM1 locus which provides the evidence that 

it affects functional input of the corresponding haplotypes along with other SNPs. 

A study explained that already reported SNP rs1799971 (A118G) that is a 

non-synonymous  variant in exon1 of OPRM1 have shown association with human 

pressure pain threshold and is potentially less strong contributor as compared to the 

novel SNP rs563649 for OPRM1 dependent phenotypes (Fillingim et al., 2005). 

While another study reported results in contrast to findings of Shabalina et al. 
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(2009) with no evidence of association with chronic widespread pain for either of 

two SNPs; rs1799971 and rs563649 (Holliday et al., 2009). 

2.7.2.2 Kappa Opioid Receptor Gene (OPRK1) 

It is indicated by the literature that 24 SNPs of KOR gene has been probed 

so far, however some studies have investigated association of some of these SNPs 

with drug addiction but in results no distinct risk allele has been identified 

(Yuferov et al., 2004; Edenberg et al., 2008). A study indicated that in KOR gene 

36G>T, a polymorphism in exon1 results in a silent mutation demonstrated 

significant association in West European and Caucasians heroin addicts and similar 

findings were reported in another study for African-American, Caucasian and 

Hispanic origin heroin addicts (Yuferov et al., 2004; Gerra et al., 2007). 

On the other hand there are studies with divergent reports supporting the 

exclusion of possible role of the opioids receptor genes in Taiwanese population 

for the tendency towards dependence. The difference of racial or ethnic 

stratification of samples may be the major factor influencing findings in Taiwanese 

(Loh et al., 2004).  

Peng and colleagues (2010) while performing a study on gene-gene 

interaction between OPRM1 and OPRK1 explained that studies exists with the 

evidence for the role of both genes in addiction pathway but nature of their 

functions is opposite. On the basis of Linkage Disequilibrium statistics, they 

reported appealing results for SNP-SNP interaction of the two genes for the heroin 

addicted study subjects. Where as in another study that was conducted by Kumar et 

al. (2012) on the interaction of OPRK1 polymorphisms with rs1799971 (A118G) 
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of OPRM1 found that genotypes having one or both the risk alleles of genotype 

combinations showed increased risk of addiction. In addition to this, it was the first 

case control study performed for interaction of OPRK1 polymorphisms with 

rs1799971 (A118G) of OPRM1 and explored that GA/GG risk alleles of OPRM1 

were invariably present in almost all risk combinations and suggested the digenic 

inheritance contribution of OPRM1 for addiction.  

2.7.3 Prodynorphin Gene (PDYN) 

Dynorphins, opioid peptides are the small molecules (endogenous opioids) 

naturally produced in body having similar effects like morphine and heroin on 

binding with opioids receptors, are encoded by PDYN, PENK, and POMC and 

researchers investigated their implications in drug addiction (Xuei et al., 2007).  It 

has been shown by studies that the products of PDYN may restrain 

neurotransmission through their preferred kappa opioids receptor, other studies 

conducted in animals by using KOR agonists also provided the evidence for 

aversive effects of drugs of abuse in humans in the form of dysphoria, indication of 

the essential role of dynorphins/kappa opioid receptors system in drug dependency 

(Shippenberg and Herz, 1986; Walsh et al., 2001; Zhang et al., 2005; Shippenberg 

et al., 2007). 

Evidences for the prodynorphin gene as the susceptibility gene for drug 

addiction enthused the researchers to conduct the studies and analyze the 

association of PDYN variants with addictive drugs, specifically with opioids and 

cocaine dependents and achieved mixed results. Whereas researchers reported a 

number of studies with significant association for PDYN polymorphisms and 
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opioids and cocaine addiction (Dahl et al., 2005; Clarke et al., 2009; Yuferov et al., 

2009; Flory et al., 2011). 

 Researchers investigated rs35286281 that is a 68bp VNTR in the promoter 

of PDYN, known for the functional consequences on gene expression, found the 

significant association of VNTR with increased gene expression in case of three or 

four copies of repeat rather than one or two copies (Zimprich et al., 2000; 

Nikoshkov et al., 2008). A study conducted by Wei et al. (2011) in Hans Chinese 

heroin drug addicts reported the association of three or four copies of 68bp VNTR 

in PDYN with heroin addiction, besides this they also reported the association of 

the three single nucleotide polymorphisms; rs1022563, rs2235749, rs910080 in 

3’UTR of PDYN in the same heroin dependent Han Chinese study subjects. 

Another study designed to explore the association of three SNPs of the 

PDYN gene in European Americans (EAs) and African American (AAs) heroin 

and cocaine addicted subjects. The analysis of study reported the significant 

association of  rs1022563 only in EAs opioids addicts where as on performing the 

sex specific analysis for the selected SNPs, they found that rs910080 and 

rs1997794 shown increased odd ratios in EAs female opioids addicted group 

(Clarke et al., 2012) while a study conducted by Babbitt and colleagues (2010) 

used both in vivo and vitro techniques, reported that rs1997794 is linked with 

variation in gene expression while contrasting findings were also observed for 

association of rs1997794 and opioids addiction by researchers (Levran et al., 2008, 

2009). 

While exploring the association of PDYN gene polymorphisms with opioid 
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addiction, researchers also reported results with negative associations (Chen et al., 

2002; Ray et al., 2005; Williams et al., 2007; Nikoshkov et al., 2008). A study 

investigated the inconsistent findings for association of three or four copies of 68bp 

VNTR with PDYN gene expression and reported that 68bp VNTR drived gene 

expression is cell specific (Rouault et al., 2011).  



 

 

41 

 

Chapter 3 

MATERIALS AND METHODS 

The present study was designed as retrospective case-control where cases 

were opioids (heroin) addicts and controls were normal healthy individuals free of 

any kind of drug addiction. The study had been approved by the Ethics Committee 

for the use of human subjects, of Pir Mehr Ali Shah Arid Agriculture University 

Rawalpindi, Pakistan. 

DNA was extracted following standard protocol and analyzed quantitatively 

by agarose gel electrophoresis. For designing primers online bioinformatics tools 

were used. PCR amplified products were run on Agarose Gel Electrophoresis. 

Genotyping of study subjects was conducted in Animal Biotechnology Laboratory, 

Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, Pakistan while SNP 

genotyping and analysis was performed at the Department of Pharmacology, 

College of Medicine, at The Ohio State University, USA.  

3.1  PRELIMINARY DATA COLLECTION 

While collecting the preliminary data for recruiting opioids addicts for our 

study, a specifically designed questionnaire consisting on a section for gathering 

the information about the socio-demographic and clinical characteristics of subjects 

was utilized. Individuals who entered for the treatment in the drug rehab centers 

during the period September 2010 to February 2013 were selected as our study 

subjects. In questionnaire, cases were requested for information about ethnicity, 

age, employment status, marital status, level of education, treatments received, 

estimated drug dose/day, number of times drug used in a day, history of addiction
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including average age at onset of smoking, marijuana, alcohol, opium, and heroin. 

To investigate the contribution of environmental factors available information 

about some factors like effects of communal domain along other major factor such 

as stress/anxiety including some other miscellaneous factors was also collected. 

The information obtained was kept confidential. Each study subject had been given 

a lab number to maintain the confidentiality.  

After having preliminary data, blood samples were collected via 

venipuncture from the drug addicts who were admitted in different Drug 

Rehabilitation Centers and public hospitals. In this study genotyping was 

performed for normal controls and opioids addicts.  

3.2 CRITERIA FOR SELECTION OF STUDY SUBJECTS 

Cases and healthy controls were selected on the basis of criteria set in the 

questionnaire as given below; 

3.2.1 Criteria for Inclusion  

i. Adult drug addicts above age of 18 years and no upper age limit. 

ii. Only male cases were selected. 

iii. Those individuals who had shown interest and signed the consent proforma. 

iv. Drug addicts must be drug dependent. 

v. Drug addicts must not be multiple drug users.  

vi. They must be on one year of daily multiple uses of drug.  

vii. For controls they must had never been exposed to any drug. 

3.2.2 Criteria for Exclusion 

i. Individuals less than 18 years of age. 
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ii. Individuals not willing to sign the informed consent form. 

iii. Patients not certainly diagnosed with drug dependence. 

iv. Individuals were excluded from category of controls if having at least one 

instance of drinking to intoxication, or any illicit drug use, in the previous 

30 days. 

v. A past history of alcohol drinking to intoxication, or illicit drug use, more 

than twice a week, for more than six consecutive months. 

vi. Cannabis use for more than 12 days in the prior 30 days or past use for 

more than twice a week for more than 4 years. 

3.3  SAMPLE COLLECTION 

After selecting normal controls and addicts (admitted in Rehabilitation 

centers and Public hospitals), 4 ml of venous blood were collected using 5ml sterile 

disposable syringes in EDTA vaccutainer for genomic DNA extraction. Collected 

blood samples were transferred to laboratory (Department of Biochemistry, PMAS 

AAUR) and stored at –20
o
C (for long term) and in cold cabinet 4

o
C (for short term) 

respectively till further processing and analysis.  

3.3.1 DNA Extraction from Blood 

Genomic DNA was extracted from blood using standard phenol- 

chloroform protocol of Sambrook et al. (2001). For extraction 4 ml blood was 

taken in 15 ml falcon tube while remaining 1 ml was saved as backup. For lysis of 

Red Blood Cells (RBC), 10 ml of RBC lysis buffer was added in the blood; tubes 

were incubated for 5 minutes and were inverted several times during this time 

interval. After this these tubes were centrifuged for 3 minutes at 4000 rpm to get 
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white blood cells pellet. Then the supernatant was discarded and tubes were blotted 

on an absorbent paper. Again 4 ml of RBC lysis buffer was added to lyse 

remaining red blood cells. After which the pellet was resuspended in lysis buffer 

and subjected to centrifuge for next 3 minutes at 4000 rpm, the supernatant was 

discarded and tubes were blotted on the absorbent paper. Then 400 µl of Nuclear 

Lysis Buffer was added along with 30 µl of 20% Sodium Dodecyl Sulphate (SDS) 

and 10 µl of Proteinase K. The pellet was resuspended and tubes were incubated in 

incubator overnight at 37  C. Three ml of TE Buffer and 3 ml of saturated phenol 

(pH=8.2) was added to digest any remaining proteins. After this step, tubes were 

inverted repeatedly for 5 minutes and then centrifuged at 4000 rpm for 10 minutes. 

The aqueous phase was collected in the duly labeled new tube and the organic 

phase was discarded. To the aqueous phase 3ml of Chloroform: Isoamyl alcohol 

(24:1) solution was added and the tubes were gently inverted for few times, which 

were subjected to centrifugation at 4000 rpm for 10 minutes. At this stage aqueous 

phase was again collected in another labeled set of tubes. To this 3M Sodium 

Acetate (one-tenth of volume) was added along with equal volume of ice cold 

Isopropanol to precipitate out the DNA.  

For precipitation of DNA tubes were inverted. To pellet out DNA, tubes 

were centrifuged for 10 minutes at 4000 rpm. The DNA pellet was washed thrice 

with ice cold 70% ethanol and re-centrifuged at 4000 rpm for 10 minutes. The 

DNA pellet was dried completely making sure that no ethanol was left in tubes 

which was followed by suspension of DNA pellet in either nuclease free water or 

TE Buffer (pH=8.4). Stock DNA was checked on 1% Agarose. 
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3.3.2 Agarose Gel Electrophoresis 

For quantitative analysis of stock DNA and PCR products, Agarose gel was 

used. Agarose gel was 1% and it was prepared by adding 1 gm of Agarose 

(SERVA) in 100 mL of 1X TAE buffer. To prepare the gel mixture of agarose in 

buffer was boiled in microwave and care was taken to avoid over boiling, after 

boiling the mixture was cooled and 5µg/100mL of ethidium bromide (SERVA) was 

added in the mixture to prepare a pre-stained gel. Then 1% pre stained Agarose gel 

was used for checking stocks DNA while 2% was used to check the PCR products. 

As a DNA marker 100 or 50bp ladder was also used. To visualize the gels, UV- 

transilluminator and Gel documentation Instrument were used. Gel pictures were 

captured for record and data analysis. 

3.3.3 Quantification of DNA samples by Qubit™ Flourometer 

To prepare the dilutions, stock DNA quantification was done by using 

Qubit (TM) Flourometer (Invitrogen). Before quantification of samples Instrument 

was calibrated by using the appropriate standards, standard#1 and standard#2. After 

calibrating step calculations were done to prepare the working solution by using the 

TE buffer and Qubit reagent (dsBR). Then 198 µl from working solution were 

added in labeled tubes for each sample and after it 2 µl of sample were added in 

already labeled tubes having working solution. Further tubes containing working 

solution and working stocks were vortex for 3-4 seconds and were incubated at 

room temperature for 2 minutes. After incubation step samples were read on 

instrument and DNA concentrations were recorded in µg/mL and these 

concentrations were further used to prepare DNA dilutions. The data was 

maintained on excel files for further analysis. 
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3.3.4 Preparation of DNA Dilutions 

DNA dilutions were prepared for further use in genotyping assays. All 

dilutions were prepared in distilled water. Calculations were done to make the 

dilutions having 25ng DNA/µl. 

3.4 PRIMER RESUSPENSION AND DILUTIONS 

Primer resuspension was carefully accomplished using TE buffer and 

calculations were done according to concentrations provided by the manufacturers. 

100 µM primer stocks were prepared and stored at –20
o
C. Then 10 µM working 

stocks were prepared using distilled water. 

3.5 EXPERIMENTAL APPROACH FOR THE STUDY 

3.5.1  Candidate Gene Selection 

Addiction susceptibility genes with associated markers (SNPs) were 

searched using either of the online Gene Databases; 1000 Genomes 

(http://www.1000genomes.org), NCBI dbSNP (http://www.ncbi.nlm.nih.gov/), 

Gene cards (www.genecards.org/), SNPedia (http://www.snpedia.com). Candidate 

genes were selected and association of selected genes in different population group 

was checked. 

3.5.2 Candidate Gene Associated Markers Selection 

Single Nucleotide Polymorphisms (SNPs) and Variable Number Tandem 

Repeats (VNTRs) from selected candidate genes, already reported for association 

with drug addiction, were explored using online tools mentioned above. The SNPs 

with high degree of association were selected for genotyping in our population and  

then selected SNP sequences were retrieved. 

http://www.1000genomes.org/
http://www.ncbi.nlm.nih.gov/
http://www.genecards.org/
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3.5.3 Genotyping Strategies 

For genotyping, in total twelve SNPs of five different already reported 

candidate genes were selected. The selected polymorphisms included point; repeats 

and insertion/deletion which are listed in Table 3.1. These SNPs had evidence for 

association with addiction risk reported in other world populations but not studied 

in Pakistani population. Genotyping assays including allele-specific PCR and 

fluorescence melting curves using Real-Time PCR instrument and Restriction 

Fragment Length Polymorphism (PCR-RFLP) technique by using DNA analyzer 

were performed.  Sequencing was also employed for allelic discrimination. From 

the selected candidate genes associated markers, 2-3 SNPs per gene were 

genotyped for five opioids addiction susceptibility genes. Genotypes 

(homozygous/heterozygous) were recorded by using DNA analyzer (Life 

Technologies) and for some samples also by direct counting after inspecting 

number of bands from gel carefully and then on the basis of counted genotypes, 

genotype and allele frequencies were estimated. Hardy–Weinberg equilibrium was 

checked for each SNP. 

3.5.4 Design for PCR-RFLP 

On basis of SNP flanking sequences, primers were designed for amplifying 

polymorphic region by using Primer.3 (online tool) and Primer Express software 

(https://www.lifetechnologies.com/). Tm was calculated using online tool. Primer 

specificity and uniqueness was checked using NCBI primer BLAST or ePCR by 

UCSC. Sequences of selected SNPs were analyzed using web based methods for 

presence of restriction enzyme sites, selection of restriction enzyme and presence 

of restriction enzyme sites, selection of restriction enzyme and expected amplified 

cut/un-cut SNP product size visualization.  
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3.5.5 Optimization of PCR Conditions and Amplification Confirmation 

Standardization of PCR conditions was performed. On the basis of size, 

amplified PCR products were co-electrophoresized with DNA marker (Invitrogen 

or BioRon) on 2-3% agarose gel and a positive and negative control was used with 

each gel. Ethidium bromide stained gels were visualized on gel documentation 

system and also in uv-transilluminator. Gel documentation was carried out for 

record and future data analysis. 

For detection of polymorphisms in our study subjects, genotyping assays 

employed were RFLP-PCR by using fluorescently labeled primers and further used 

AB 3730 capillary electrophoresis instrument (Life Technologies) to selectively 

distinguish between the two alleles of a SNP. Furthermore RT-PCR was also 

applied by using GC clamp primers to detect a polymorphism in DRD2 gene 

whereas polymorphisms which were VNTRs in DAT and PDYN genes were 

measured by utilizing fluorescently labeled primer pairs flanking the repeats and 

furthermore DNA analyzer was used to identify the genotypes. 

3.6  GENOTYPING ASSAYS  

Genotyping assays were performed on rs1799971, rs563649 and an 

insertion deletion (rs9282818) of OPRM1, rs16918875, rs702764 of OPRK1, 

rs910080 of PDYN, rs1076560 and rs2283265 of DRD2, rs27072 of DAT including 

VNTRs of two genes; PDYN and DAT by utilizing  methods described by (Papp et 

al., 2003; Zhang et al., 2007) in following steps. 

3.6.1 Step-I: Primer Designing For Amplification 

To amplify 100-300 base  pair regions surrounding the SNPs,  primers were  
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either designed by using the Primer Express Software or used the primers as 

already described in literature for the relevant polymorphisms.  

3.6.2 Primers for genotyping of OPRM1 Gene SNPs 

To amplify the regions surrounding the polymorphisms rs1799971 (A118G) 

and Insertion/deletion rs9282818 spanning the exon1 of OPRM1, primers were 

designed by using Primer Express Software. As Insertion-Deletion polymorphism 

rs9282818 was found in vicinity of rs1799971 (A118G), both SNPs were amplified 

with the same set of primers. To genotype rs1799971 (A118G) variant, restriction 

site was created for restriction enzyme HpyCH4V by designing site directed 

forward primer whereas reverse primer was fluorescently labeled, it was FAM 

labeled, whereas primers for amplification of the region flanking the polymorphism 

rs563649 were designed by same software. The region to be amplified is spanning 

5’UTR of exon13-containing isoforms (MOR-1K) of OPRM1. Reverse primer was 

fluorescently labeled for rs563649. Primers sequences used for PCR amplification 

of OPRM1 polymorphisms are given in Table 3.2. 

3.6.3 Primers for genotyping of OPRK1 Gene SNPs 

PCR primers for two SNPs rs16918875and rs702764 in exon4 of OPRK1 

gene were designed using primer express software. Forward primer was 

fluorescently labeled for both SNPs. It was FAM labeled. Primers sequences for 

these SNPs are given in Table 3.3. 

3.6.4 Primers for genotyping of PDYN Gene SNPs 

To detect the polymorphisms rs910080 spanning 3’UTR and a 68bp VNTR 
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Table 3.1:  Selected gene variants already reported to be associated with opioid addictions in human subjects 

Gene ID  SNP ID  Chromosoma

l Location 

SNP Location on 

Gene 

Alleles  Minor Allele 

DRD2 (Dopamine 

Receptor D2)  

rs1076560  Chr 11 Intron6 C/A A 

rs2283265  Chr 11 Intron5 G/T T 

rs12364283  Chr 11 5’Up A/G G 

DAT (Dopamine 

Transporter)  

rs3836790  Chr 5 Intron 8 −/TGTCTGAGTGTGTATGTTGCAT

GGTATGTG 

− 

rs27072  Chr 5 3’UTR C/T T 

OPRK1 (Opioid 

Receptor, Kappa 1)  

rs16918875  Chr 8 Exon4 G/A A 

rs702764  Chr 8 Exon 4 T/C C 

OPRM1 (Opioid 

Receptor, Mu 1)  

rs1799971  Chr 6 Exon1 A/G G 

rs563649  Chr 6 Intron1 G/A A 

rs9282818  Chr 6 Exon1 −/GGC − 

PDYN (Prodynorphin)  rs35286281   Chr 20 Promoter −/TTCCTAGAGACACACAGCAAGT

AAGTCATCCAGCTAGAACCTAAA

GTCAGGTCCATCTAT CCTCCAAG) 

− 

rs910080  Chr 20 3’UTR A/G G 
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(rs35286281) in promoter region of PDYN gene , PCR primers were employed as 

already described by Wei et al. (2011) but in the current case to analyze the 

genotypes fluorescently labeled forward primers were used for rs910080 while to 

genotype VNTR reverse primer was fluorescently labeled as given in Table 3.4. 

Both the fluorescently labeled primers were FAM labeled. 

3.6.5 Primers for Genotyping of DRD2 Gene SNPs 

Primers were designed for genotyping three polymorphisms rs2283265, 

rs1076560 in the intronic region and rs12364283 in the 5’ upstream region of 

DRD2 gene. While designing primers for rs2283265 we substituted T by C in the 

forward primer to create restriction site for Hind III. In case of rs12364283 allele 

specific primers were designed; in addition to this forward primer was incorporated 

with GC rich sequence. Primer sequences used to type the three polymorphisms are 

given in the Table 3.5 and Table 3.32. 

3.6.6 Primers for Genotyping of DAT Gene SNPs 

To genotype rs27072 in the 3’-UTR and rs3836790, a 5/6 repeat 

polymorphism in intron 8 of DAT, same primer sequences were used as described 

earlier by Pinsonneault et al. (2011) but in our case reverse primer for rs27072 was 

HEX labeled whereas for VNTR reverse primer was FAM labeled. Primer 

sequences are given in Table 3.6. 

3.7 STEP-II: PCR OPTIMIZATION 

For amplification of nine SNPs; rs1799971 (A118G), rs563649 and an 

insertion deletion (rs9282818) of OPRM1 gene, two variants rs16918875, rs702764 

of OPRK1 gene, rs910080 of PDYN gene, rs1076560, rs2283265 of DRD2 gene 
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Table 3.2: Polymorphisms with labeled primers information for the detection 

of SNPs in OPRM1 in study subjects 

Polymorphisms Primer Sequence 

rs1799971 

     and 

rs9282818 

SdFA: 5’_TCAACTTGTCCCACTTAGATtGC_3’ 

R: 5’_GCGCTTTCCTTACCTGACAATC_3’ 

R_FAM,[6FAM]GCGCTTTCCTTACCTGACAATC 

 

rs563649 F: 5’_TAATTGACCTTGGTGCTCAAGAAG_3’ 

R: 5’_AAATAAGCCTGAAGGAAAGGTTGG_3’ 

R_FAM,[6FAM]AAATAAGCCTGAAGGAAAGGTTGG  

 

Table 3.3: Polymorphisms with labeled primers information for the detection 

of SNPs in OPRK1 in study subjects 

Polymorphisms Primer Sequence 

rs16918875 F: 5’_GGAAAGCAGAAGTCCCGGA _3’ 

R: 5’_GAGAAAGATCGCAACCTGCG_3 

F_FAM,[6FAM]GGAAAGCAGAAGTCCCGGA 

 

rs702764 F: 5’_AAGTCCCGGAAACACCGC_3’ 

R: 5’_GGCTCCCGAGAGAAAGATCG_3’ 

R_[6FAM]GGCTCCCGAGAGAAAGATCG 
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Table 3.4: Polymorphisms with labeled primers and amplicons size information for the detection of rs910080 of PDYN in study 

subjects 

Polymorphisms Primers Sequence Amplicons size (bp) 

rs910080  F: 5’_CAATGCCCAGTGCGTATGT_3’ 

R: 5’_CTTTGGAGACGATGCTTTAGGT_3’ 

F_FAM,[6FAM]CAATGCCCAGTGCGTATGT 

 

497 

rs35286281 

(68bpVNTR) 

F:5’_AGCAATCAGAGGTTGAAGTTGGACGC_3’ 

R:5’_GCACCAGGCGGTTAGGTAGAGTTGTC_3’ 

R_FAM,[6FAM]GCACCAGGCGGTTAGGTAGAGTTGTC 

 

385=1repeat; 454=2repeat 

522=3repeat; 590 =4 repeat 
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Table 3.5: Polymorphisms with labeled primers information for the detection 

of SNPs in DRD2 in study subjects 

Polymorphisms Primer Sequence 

rs2283265 F: 5’ –TGCTGAGTGACCTTAGGCAAGCT_3’ 

R: 5’_GGACCTGGTTTTTTATGGAGCAC_3’ 

R_FAM [6FAM]GGACCTGGTTTTTTATGGAGCAC 

 

rs1076560 F: 5’_GCATGGTCTGGATCTCAAAGATCT_3’ 

R: 5’_CAGGGTGACCCTGTGGTGTT_3’ 

F_HEX,[HEX]GCATGGTCTGGATCTCAAAGATCT 
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Table 3.6: Polymorphisms with labeled primers and amplicons size information for the detection of polymorphisms in DAT in 

 study subjects 

Polymorphisms Primers Sequence Amplicons Size (bp) 

rs27072 F: 5’_AGAACACAGTGCCCCTGGG_3’ 

R:5’_AAAAACGTCTAACTTCATGCTGTCTG_3’ 

R_HEX[6HEX]AAAAACGTCTAACTTCATGCTGTCTG 

205 

rs3836790 (int8,5/6 repeat) F: 5’_GCATGTGGATGTGTTCTTGCA_3’ 

R:5’_TCATCCCAGGGACATCTGCTA_3’ 

F_HEX,[HEX]GCATGTGGATGTGTTCTTGCA 

6 repeat= 300 

5 repeat= 270 
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and rs27072 of DAT gene, a reaction mixture of 10µl/11µl containing master mix 

(Choice Taq 2x mix or jump start), 1 µl genomic DNA (dilution: 25ng/µl DNA), 

distilled water and forward and reverse primers was prepared. In addition either our 

forward or reverse primers were fluorescently labeled. Primers were either FAM or 

HEX labeled. Mostly forward and reverse primers from 10 µM working stocks 

were used but sometimes used from 100 µM stocks. Thermal profile had 30 or 35 

cycles. Optimized quantities of PCR reagents for each SNP are provided in Table 

3.7; 3.10; 3.13; 3.15 and Table 3.18 along with their amplification conditions 

(thermal profiles) listed in the Table 3.8; 3.9; 3.11; 3.12; 3.14; 3.16; 3.17 and Table 

3.19. 

3.8 STEP-III: INCUBATION OF AMPLICONS WITH RESTRICTION 

ENDONUCLEASE 

After PCR, resulting amplicons were digested with restriction endonuclease 

to selectively discriminate between the alleles of a polymorphism. For each SNP 

reaction mix of 10 µl was prepared containing restriction endonuclease, 1 µl of 

10X RE buffer, H2O and 2-3 µl PCR template. Then overnight incubation of (12-16 

Hrs) was done at 37 ˚C to selectively distinguish the two alleles of a SNP. 

Optimized conditions of reaction mix used for restriction digestion of amplified 

products with restriction endonucleases for each SNP are given in Tables.3.20; 

3.21; 3.22; 3.23; 3.24; 3.25; 3.26; 3.27. 

3.9 STEP-1V: PROTOCOL FOR PREPARATION OF PLATES 

ANALYZED ON ABI 3730 

For analyzing genotypes on AB 3730 capillary electrophoresis instrument 

(Life Technologies), the FAM-HEX procedure was used. For FAM-HEX, Rox-500 
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Table 3.7: PCR reaction mixture composition for rs1799971, In-Del rs9282818  

and rs563649 of OPRM1 

Reagents Working Conc. Volume per Reaction (µl)  

Choice Taq 2X Mix NEB 1X 5.0  

FAM labeled primer   ® 10.0 µM 0.1  

Reverse primer 10.0 µM 0.00  

Forward primer 10.0 µM 0.1  

Distilled Water  3.8  

DNA 25 ng/µl  1.0  

Reaction Volume  10.0 µl per well 

 

Table 3.8: Thermal profile for rs1799971 and In-Del rs9282818 of OPRM1  

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

30 Annealing 60 45 seconds 

Extension 68 2 minute 

Final extension 68 5 minutes 1 

Storage 4   
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Table 3.9: Thermal profile for rs563649 of OPRM1 

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

30 Annealing 60 45 seconds 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   

 

Table 3.10: PCR reaction mixture composition for rs16918875 of OPRK1. 

Reagents Working Conc. Volume per Reaction (µl) 

Choice Taq 2X Mix Jump start 1X 5.5 

FAM HEX primer   ® 10 µM 0.1 

Forward primer 10 µM 0.1 

Reverse primer 10 µM 0.2 

Distilled Water  4.1 

DNA 25 ng/µl 1.0 

Reaction Volume  11.0 µl per well 
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Table 3.11: Thermal profile for rs16918875 of OPRK1 

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

30 Annealing 65 45 seconds 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage  4   

 

Table 3.12: Thermal profile for rs702764 of OPRK1.  

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

30 Annealing 60 45 seconds 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage  4   
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Table 3.13: PCR reaction mixture composition for rs910080 of PDYN 

Reagents Working Conc. Volume per Reaction (µl) 

Choice Taq 2X Mix Jump start 1X 5.0 

FAM labeled Forward Primer 10.0 µM 0.1 

Reverse Primer 10.0 µM 0.1 

Distilled Water  3.8 

DNA 25 ng/µl 1.0 

Reaction Volume  10.0 µl per well 

 

Table 3.14: Thermal profile for rs910080 of PDYN  

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 4 minutes 1 

Denaturation 95 30 seconds  

30 Annealing 60 1 minute 

Extension 72 1 minute 

Final extension 72 15 minutes 1 

Storage 4   
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Table 3.15: PCR reaction mixture composition for rs2283265 and rs1076560  

of DRD2 

Reagents Working Conc. Volume per Reaction (µl) 

2X PCR Mix sigma jump start 1X 5.0 

FAM labeled Forward Primer 10.0 µM 0.5 

Forward primer 10.0 µM 0.0 

Reverse primer 10.0 µM 0.5 

Distilled Water  3.0 

DNA 25 ng/µl 1.0 

Reaction Volume  10.0 µl per well 

 

Table 3.16: Thermal profile for rs2283265 of DRD2  

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 94 5 minutes 1 

Denaturation 94 15 seconds  

35 Annealing 60 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   
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Table 3.17: Thermal profile for rs1076560 of DRD2 

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

35 Annealing 60 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   

 

Table 3.18: PCR reaction mixture composition for rs27072 of DAT 

Reagents Working Conc. Volume per Reaction (µl) 

2X PCR Mix NEB 1X 5.0 

Forward Primer 100.0 µM 0.05 

Reverse primer 100.0 µM 0.025 

HEX labeled R primer 100.0 µM 0.025 

Distilled Water  3.9 

DNA 25 ng/µl 1.0 

Reaction Volume  10.0 µl per well 
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Table 3.19: Thermal profile for rs27072 of DAT 

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 15 seconds  

35 Annealing 60 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   
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standard was used that was supplied by ABI-Life Technologies. A template created 

for the samples after digestion with restriction endonuclease was then copied in a 

96 well plate and transferred into a new template using procedure for the ABI 

program. Newly created plate was then taken into the Solid Room and placed in 

PCR machine for five minute denature program. Once denature program had 

finished, plate was removed and 96 well sample plate was then ready to place in the 

3730 ABI instrument. To identify genotypes, results in the form of peaks size and 

height on 3730 ABI instrument for the corresponding alleles of each SNP were 

observed as shown in fig.3.1; 3.2; 3.3; 3.4; 3.5; 3.6; 3.7; 3.8 and fig 3.9. 

3.10 GENOTYPNG ASSAY FOR REPEAT POLYMORPHISMS 

In the study two VNTR polymorphisms were genotyped. PCR amplification 

of flanking regions of 68bp VNTR (rs35286281) in promoter region of PDYN gene 

and intron8, 5/6 repeat (rs3836790) spanning locus of DAT gene was carried out 

for genotyping. 

3.10.1 Step-I: Primers 

To amplify the region, flanking the 5/6 repeats of rs35286281 primer 

sequences were used as employed by Wei et al. (2011) in their study but with the 

difference that reverse primer was fluorescently labeled in our study. To genotype 

another polymorphism that was a 5/6 repeat polymorphism (rs3836790) in intron 8 

of DAT, same primer sequences were followed as described earlier by Pinsonneault 

et al. (2011) with FAM labeled reverse primer. Primer sequences are given in 

Table 3.4 for rs35286281 and for 5/6 repeat of intron 8 (rs3836790) in Table 3.6. 

3.10.2 Step-II: PCR Optimization 

For amplification of repeat polymorphisms standard method of (Papp et al., 
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Table 3.20: Reaction mixture for the restriction digestion of amplified product  

of rs1799971 and In-Del rs9282818 of OPRM1  

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

HpyCH4V(5U/ul) 0.1  ( For rs1799971) 

G: 209 = 209 

A: 209 = 187 + 22 

(For Indel rs9282818) 

Insertion = 190 

10X RE buffer (cutsmart) 1.0  

Distilled Water 5.9  

Template 3.0  

Reaction Volume 10.0 µl per well 

 

Table 3.21: Reaction mixture for the restriction digestion of amplified product

 of rs563649 of OPRM1  

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

HpyCH4III (5U/µL) 0.1  

G = 224 

A =  92  

10X RE buffer (cutsmart) 1.0 

Distilled Water 5.9 

Template 3.0 

Reaction Volume 10.0 µl per well 
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Table 3.22: Reaction mixture for the restriction digestion of amplified product 

 of rs16918875 of OPRK1  

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

BbsI (5U/µl) 

 
 

0.2  

A = 251 

G = 201 

 

 

10X RE buffer (2.1) 1.0 

Distilled Water 5.8 

Template 3.0 

Reaction Volume 10.0 µl per well 

 

Table 3.23: Reaction mixture for the restriction digestion of amplified product of 

  rs702764 of OPRK1  

 

 

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

AciI (10U/µl) 0.1   

T: 237 = 237 

C: 237 = 62 

10X RE buffer 3 1.0  

Distilled Water 5.9  

Template 3.0  

Reaction Volume 10.0 µl per well 
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Table 3.24: Reaction mixture for the restriction digestion of amplified product 

  of rs910080 of PDYN 

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digestion Product   Size 

(bp) 

Bsp1286I (5U/µL) 0.2   

A: 497 = 497 

G: 497 = 300 + 197 

 

10X RE buffer (cutsmart) 1.0  

Distilled Water 5.8  

Template 3.0  

Reaction Volume 10.0 µl per well 

 

Table 3.25: Reaction mixture for the restriction digestion of amplified product 

 of rs2283265 of DRD2  

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

HindIII (20U/µl) 0.1   

G = 175 

T = 156  

10X RE buffer 2 1.0  

Distilled Water 6.9  

Template 2.0  

Reaction Volume 10.0 µl per well 
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Table 3.26: Reaction mixture for the restriction digestion of amplified product  

  of rs1076560 of DRD2 

Restriction Digestion 

 Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

HphI (5U/µl) 0.2   

C = 336 

A = 302 

10X RE buffer 2 1.0  

Distilled Water 5.8  

Template 3.0  

Reaction Volume 10.0 µl per well 

 

Table 3.27: Reaction mixture for the restriction digestion of amplified product  

  of rs27072 of DAT 

Restriction Digestion 

Reagents 

Volume per Reaction 

(µl) 

Digested Product Size 

(bp) 

Alu (10U/µl) 0.15  

C = 152 

T = 60 

10X RE buffer 4 1.0  

Distilled Water 5.85  

Template 3.0  

Reaction Volume 10.0 µl per well 
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Figure 3.1: Results in the form of peaks for homozygous and heterozygous 

genotypes of rs1799971 (A118G) of OPRM1 gene on DNA 

analyzer. 
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Figure 3.2: Genotype results in the form of peaks for insertion/deletion 

 rs9282818 of OPRM1 gene on DNA analyzer. 
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Figure 3.3: Results in the form of peaks for homozygous and heterozygous 

genotypes of rs563649 of OPRM1 gene on DNA analyzer. 
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Fig 3.4: Results in the form of peaks for homozygous and heterozygous 

genotypes of rs16918875 of OPRK1 gene on DNA analyzer. 
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Figure 3.5: Results for homozygous and heterozygous genotypes of rs702764 of 

OPRK1 gene. 
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Figure 3.6: Homozygous (AA) genotypes for sample 405, 379 and heterozygous 

(AG) genotypes for sample 403 in the form of peaks size and 

heights on DNA analyzer for rs910080 of PDYN gene. 
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Figure 3.7: Results for homozygous and heterozygous genotypes of rs2283265 

of DRD2 gene. 
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Figure 3.8: Results for homozygous and heterozygous genotypes of rs1076560 

of DRD2 gene.  
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Figure 3.9: Results for homozygous and heterozygous genotypes of rs27072 of 

DAT gene. 
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2003; Zhang et al., 2007). PCR reaction mix having a reaction volume of 10 µl was 

prepared using 25 ng genomic DNA, Choice Taq mix 2X (NEB), distil water and 

fluorescently labeled either reverse or forward primer along with one unlabelled 

primer from 10 µM working stocks. PCR conditions were as follows: Initial 

denaturation step of 94 ◦C for 5min, followed by 35 cycles of 94 ◦C for 30 s, 62 ◦C 

for 30s and 72 ◦C for 30s followed by a final extension of 72 ◦C for 5 min. Detailed 

optimized conditions of PCR reaction mix for 68bp VNTR of PDYN gene along 

with its thermal profiles are given in Table 3.28 and 3.29 respectively. Similarly 

PCR mixture composition and thermal profile for rs3836790 of DAT are provided 

in Table 3.30 and 3.31. 

3.10.3 Step-III: Protocol for Preparation of Plates Analyzed on ABI 3730 to 

Genotype VNTRs 

To analyze genotypes of repeat polymorphisms on the AB 3730 capillary 

electrophoresis instrument (DNA Analyzer, Life Technologies) was used by 

employing FAM-HEX procedure. For FAM-HEX the Rox 500 standard was used 

and a template created for the samples after PCR amplification was then copied in a 

96 well plate and transferred into a new template using procedure for the ABI 

program. The newly created plate was then taken into the Solid Room and placed 

in PCR machine for the five minute denature program. Once the denature program 

had finished the plate was removed and 96 well sample plate was then ready to be 

placed in the 3730 ABI instrument.  

After amplification, fluorescently labeled amplicons were analyzed on the 

AB 3730 capillary electrophoresis instrument and for 68bp repeat (rs35286281) 

polymorphism of PDYN gene; alleles containing 1, 2, 3 or 4 repeats produced PCR  
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Table 3.28: PCR reaction mixture composition for rs35286281 (68bp VNTR) of 

PDYN  

Reagents Working Conc. Volume per Reaction (µl) 

Choice Taq 2X Mix NEB 1X 5.0 

FAM labeled primer   ® 10 µM 0.1 

Reverse primer 10 µM 0.1 

Distilled Water  3.8 

Genomic DNA 25 ng/µl 1.0 

Reaction Volume  10.0 µl per well 

 

Table 3.29: Thermal profile for rs35286281 (68bp VNTR) of PDYN  

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 94 5 minutes 1 

Denaturation 94 30 seconds  

35 Annealing 62 30 seconds 

Extension 72 30 seconds 

Final extension 72 5 minutes 1 

Storage 4   
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Table 3.30: PCR reaction mixture composition for rs3836790 (intron 8_5/6  

  repeat) of DAT 

Reagents Working Conc. Volume per Reaction (µl ) 

2X PCR Mix NEB 2X 5.0 

FAM labeled Forward P 10.0 µl 0.5 

Forward primer 10.0 µl 0.0 

Reverse primer 10.0 µl 0.5 

Distilled Water  3.0 

DNA 25 ng/µl 1.0 

Reaction Volume  10.0 µl per well 

 

Table 3.31: Thermal profile for rs3836790 (intron 8_5/6 repeat) of DAT.   

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

35 Annealing 60 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   
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amplicons of 385, 454, 522 and 590 bp respectively (Amplicons sizes mentioned in 

Table 3.4) while for DAT Intron 8 VNTR, amplicons of 270 and 300 bp for 5 and 6 

repeats were observed respectively (Amplicons sizes mentioned in Table 3.6). 

Results observed on DNA analyzer for two repeat polymorphisms are shown in 

Fig.3.10 (PDYN_VNTR) and Fig.3.11 (DAT_Int8 VNTR). 

3.11 GENOTYPING ASSAY BY ALLELE-SPECIFIC PCR AND 

FLUORESCENCE MELTING CURVES FOR rs12364283_DRD2 

For genotyping of a variant rs12364283 in DRD2 ABI PRISM® (7000 

Sequence Detection System) was used and employed a cost-effective, high-

throughput PCR method using allele-specific primers which were specifically 

designed for selective amplification of each allele (Papp et al., 2003; Zhang et al., 

2007).  

In this technique selectivity of the allele-specific primers was achieved by 

matching the SNP at the 3’end of the forward or reverse primer along with the 

incorporation of a 3’mismatch to avoid the amplification of incorrect allele. In this 

assay, DNA melting analysis using fluorescent SYBR Green detects the PCR 

products. To measure both the alleles at the same time a GC-rich sequence 

incorporated into one of two allele specific primers which increased the melting 

temperature. Sequences of GC-clamped primer along with allele specific primers 

are provided in the Table.3.32 were designed using Primer Express Software. To 

discriminate alleles of SNP genotyping of each sample was done in two half by 

using respective primers, specifically designed to discriminate the wild type allele 

and the minor allele of the SNP. Optimized conditions for PCR reaction mixture 

are provided in Table 3. 33. The following thermal profile was used; 
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Figure 3.10:   Results of genotypes for repeat polymorphism rs3528628  

           (68bp VNTR) of PDYN gene. 
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Figure 3.11: Results for 5_5, 6_6 and 5_6 repeats of rs3836790 (intron 8, 

 5/6 repeat) polymorphism of DAT gene. 
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1. 50C 2 min, 1 cycle 

2. 95C 10 min, 1 cycle 

3. 95 C 15 s > 60 C 1 min -> 72 C 30 s, 40 cycles 

4. 72C 10 min, 1 cycle 

Amplification plots were achieved (Fig 3.12) and then genotypes were 

depicted on the basis of melt curve difference for the two alleles of SNP as shown 

in Fig.3.13 and 3.14. 

3.12 SEQUENCING OF OPRM1 Gene 

OPRM1 has four exons. For sequencing primers were designed by using 

Primer 3 software. Exon II was amplified by using two sets of primers. Sequences 

of the primers are given in the Table 3.34. 

3.12.1 PCR Amplification of OPRM1 Gene 

For amplification of gene typical PCR reaction mix of 25µl containing 

master mix, ultra pure distilled water, primer pair and genomic DNA was used, in 

addition for amplification of some exons platinum Taq was also added in reaction 

mix. Detailed optimized quantities of reagents (Table 3.35) and thermal profiles for 

amplification of OPRM1 are given in Table 3.36 and 3.37.   Further PCR amplified 

products were sent for sequencing. 

3.12.2 Sequence Analysis 

Software used for sequence analyses were: Chromas exe, bio edit, BLAST 

by NCBI etc. Sequences were imported into Chromas.exe Sequence Alignment 

tool for basic sequence analysis. The sequences were aligned with reference 

sequence obtained from GeneBank (http: // www. ncbi.nlm. nih.gov) using Clustal
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Table 3.32: Polymorphisms with labeled primers information for the detection of rs12364283 in DRD2 in study subjects 

Polymorphism Primer Sequence 

 

rs12364283 

 

Forward: wt F,5’_AAgTGTCCTCAGTTTGCgAGA_3’ 

GCForward: gc F,5’_GCCCGGCGCGCGCCCTGTCCTCAGTTTGCCtGG_3’ 

Reverse: 5’_ CAGCACCTGTTTAAGCCTCAGT_3’ 
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Table 3.33: PCR reaction mixture composition for rs12364283 of DRD2  

Reagents Working Conc. Volume per Reaction (µl) 

SYBR PCR 2X Master Mix  1X 7.5  

Forward primer  10 µM 0.45  

Reverse primer 10 µM 0.45  

Forward GC primer 10 µM 0.45 

Distilled Water  5.6  

DNA 25 ng/µl 1.0  

Reaction Volume  15.0 µl per well 
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Figure 3.12: Showing amplification plot with forward primer. 
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Figure 3.13: Showing the melt curve with wild type forward primer. 
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Figure 3.14: Showing the melt curve with GC forward primer. 
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Table 3.34: Sequences of primers used for amplification of Exon I, II A, II B, III 

and IV of OPRM.  

OPRM1 Primers Sequences 

OPRM1_Ex1F 5'_GCA GGT GAT GAG CCT CTG TG_3' 

OPRM1_Ex1R 5'_CCT GGC GCT TTC CTT ACC T_3' 

OPRM1_Ex2AF 5'_AGC CAA GCT GAT ACT GGA AAA_3' 

OPRM1_Ex2R 5'_TGC AGA GGG TGA ATA TGC TG_3' 

OPRM1_Ex2BF 5'_CCA TTT GGA ACC ATC CTT TG_3' 

OPRM1_Ex2BR 5'_ACA ATG GGG CAC TCC ATA AA_3' 

OPRM1_Ex3F 5'_CCT TTC TTC TAG GTT CCA TAG ATT G_3' 

OPRM1_Ex3R 5'_TTC TAG AGA CTG CGT ACC TGA TG_3' 

OPRM1_Ex4F 5'_TGC TCT TTC TCT CCT TTC AGC_3' 

OPRM1_Ex4R 5'_AGG AGC AAG AAA ATT GCA CA_3' 
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Table 3.35: PCR reaction mixture composition for amplification of Exon I,  

  Exon II (A), Exon II (2B), Exon III, and Exon IV of OPRM1   

Reagents Working Conc. Volume per Reaction (µl) 

PCR Master Mix 1X 7.5  

Forward Primer 10.0 µl 1.0  

Reverse Primer 10.0 µl 1.0  

Platinium Taq (Invitrogen)  1.0  

Ultra Pure Distilled Water  13.5  

Genomic DNA  1.0  

Reaction Volume  10.0 µl per well 

 

Table 3.36: Thermal profile for amplification of Exon I and Exon II (B) of  

  OPRM1 

PCR Conditions Temperature (C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

35 Annealing 62 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   
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Table 3.37: Thermal profile for amplification of Exon II (A), Exon III and Exon 

IV of OPRM1  

PCR Conditions Temperature (
0
C) Time Cycle 

Initial Denaturation 95 5 minutes 1 

Denaturation 95 30 seconds  

35 Annealing 58 1 minute 

Extension 72 1 minute 

Final extension 72 5 minutes 1 

Storage 4   
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Omega software (http: // www. ebi.ac. uk/ Tools /msa /clustalo). 

3.13 STATISTICAL ANALYSIS OF DATA 

Genotype and allele Frequencies for all selected markers were calculated. 

Chi-Square (χ
2
) test was applied at 5% significance level to determine deviation of 

selected population from Hardy Weinberg Principle. Association of individual 

markers with addiction and contributing factors were estimated. Regression analysis 

was performed for gene-gene interactions and haplotypes and their frequencies 

including association with addiction. SPSS software (16.0) and Helix Tree (Golden 

Helix) software were applied for statistical analysis (http://www.spss.com); 

(http://www.goldenhelix.com). 
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Chapter 4 

RESULTS AND DISCUSSION 

In present study a total of 1007 blood samples were collected from study 

subjects, out of which 540 were drug (heroin) addicts as cases and 467 were non-

addicts as controls. Samples were genotyped for the selected SNPs of different 

candidate genes already reported for association with drug addiction. Only male 

drug addicts were genotyped both for cases and control groups. Demographic 

characteristics of total study population were analyzed and association of selected 

study variables with drug addiction was also estimated. Genotype and allele 

frequencies for all genetic markers were calculated and their associations with drug 

addiction and other study variables were computed in a case-control status. 

4.1 DESCRIPTIVE STATISTICS OF STUDIED POPULATION  

Descriptive statistics of studied population were computed based on 

following socio-demographic/external characteristics of studied population; age 

(onset of drug addiction), daily drug dose, ethnicity, communal domain and stress 

in case group. The subjects were divided into three age groups; <20 years, 21-40 

years and >40 years. The daily drug dose was grouped into <1000 mg and >1000 

mg/day and ethnicity into three major ethnic groups; Punjabis, Pakhtoons and 

“Others” (include miscellaneous ethnic groups). The external/environmental risk 

factors were also categorized as communal domain, stress and “others. Though all 

cases included in study were heroin addicts, the frequencies of different drugs 

being used in different age groups before transition to heroin addiction are 

presented in Table 4.1. Additionally, Table 4.1 also presents frequencies of cases
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under two daily drug dosage groups, three ethnic groups and external risk factors. 

The results indicate that frequency of addictive drugs abuse is higher in <20 years 

age group as compared to age group between 21-40 years and also >40 years. 

According to Table 4.1, the frequency of the onset of drug abuse in <20 years 

group is as follows; tobacco smoking (84.91%), marijuana use (80.50%), alcohol 

drinking (75.81%) and heroin (39.61%). In case of 21-40 and >40 years age group 

the drug abuse frequency for all other drugs was low as compared to <20 years age 

group except for heroin (Table 4.1). However among heroin addicts, the highest 

frequency (57.49%) was found in 21-40 years old age group subjects.  

Overall our results also emphasize that younger subjects (<20 years) are 

highly prone to drug abuse of any kind as compared to older age groups. A high 

prevalence of abusing marijuana, alcohol and cigarette among adolescents clearly 

indicated conformity that adolescence is a risky stage for the onset of substance use 

and abuse and later it predicts increased risk of substance dependence in 

individuals who experience substance use in adolescence (Swartzwelder et al., 

1998; Adriani et al., 2003).  

The trends of heroin addiction in current study subjects could be attributed 

to multiple factors including (i) subjects initially started abuse of tobacco, 

marijuana, alcohol, opium and then switched to heroin addiction (ii) the easy access 

to tobacco, marijuana, alcohol and opium as compared to heroin and (iii) 

availability of drugs. Furthermore the high price of heroin may be the reason for 

starting with other drugs below 20 years. This could also be one of the causes of 

variation in daily drug dose usage.  
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The analyses for daily drug dose usage are presented in Table 4.1. Analyses 

indicated that 60.34% individuals were using heroin below one gram for multiple 

times in a day while 39.66% were using above one gram for multiple times in a 

day. So results seem to indicate that larger proportion of our selected population is 

on <1g daily drug dose. Ethnicity analysis showed that in case group 64% 

individuals were Punjabis, 27.05% Pakhtoons, and 8.95% were from “Other” 

ethnic groups (that consists on miscellaneous ethnic groups). Although our study 

subjects were sampled randomly, a higher frequency of Punjabi group may be due 

to the reason that a higher proportion of Punjabis were residing in regions from 

where samples were collected.  

As for the contribution of external/environmental risk factors, available 

information showed a high frequency of communal domain along with stress being 

a major contributing factor towards the vulnerability of addiction. In 

external/environmental risk factors (Table 4.1), frequency of category “others” 

(consists on group of factors like urge, company, poverty, unawareness, anger, 

drug trafficking, home environment, and curiosity for experiencing drugs) is 7.9 %, 

this category did not contain single factor but includes different combined factors 

and stress is also a part of these grouped factors. Studies investigated that stress has 

a strong association with drug addiction vulnerability and similar findings were 

observed in current study subjects that stress is among major factors to increase 

drug addiction susceptibility along with prominent communal domain. Sinha 

(2008) explained that population and epidemiological studies confirmed stress as 

an eminent marker for developing the drug addiction and studies also implicated 

stress as a major cause for higher relapse rate in individuals who had experienced
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Table 4.1: Descriptive statistics of study population 

 Frequency (%) Per Age Groups (Years) 

Groups (Years) <20  21-40 >40  

Heroin Use Onset Age 39.61  57.49  2.90  

Tobacco Smoking Onset Age 84.91  14.79  0.30  

Marijuana Use Onset Age 80.50  19.20  0.31  

Alcohol Drinking Onset Age 75.81  24.19  0.00  

Daily Drug Dose  <1000 mg >1000 mg  

60.34 39.66  

Ethnicity  Punjabi Pakhtoon Others 

64 27.05 8.95 

External /Environmental Risk Factors  Communal domain Stress Others 

73.95 18.14 7.91 
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Table 4.2:  Association of study variables with drug addiction 

Groups Heroin Addiction p-value 

OR (95% CI) 

Age in Years (Adults 21-40 years as reference group)  

<20  1.23 (0.58-2.66) 0.58 

>41  1.10 (0.6-1.8) 0.69 

Ethnicity (Punjabi as reference group) 

Pakhtoons  1.03 (0.53-1.99) 0.94 

Other Ethnicity  1.26 (0.62-2.57) 0.52 

Literacy Level (Graduates) 

< Graduation  0.80 (0.35-1.98) 0.63 

Occupation (Office employees as reference group)  

Field workers (laborers) 2.07 (1.24-3.44) 0.005 

Shopkeepers  1.93 (1.06-3.54) 0.003 

Drivers  1.44 (1.77-2.66) 0.04 
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drug abuse. Stress in the early life results alterations in Corticotropin releasing 

factor and hypothalamic pituitary-adrenal axis (CRF/HPA). 

The analysis of demographic variables with drug addiction showed high 

prevalence of drug users among individuals having occupations like field workers 

(laborers), shopkeepers and drivers and also indicated strong association among 

addiction and occupations (Table 4.2).  

The occupations as a study variable were analyzed for association with drug 

addiction and significant results of our study are strengthened by a report 

conducted by WHO in Pakistani non-student youth. It was mentioned in this report 

that social factors are contributing for increasing the number of drug addicts among 

non-student youth of Pakistan. In social factors working environment rich in drug 

users is the main cause of addictions. The report explained that people linked with 

professions of driving, hawkers, factory employees and carpenters are usually 

cigarette smokers/drug users and young people having immature mental approach 

along with other psychological factors copy them and develop habit of smoking 

and then switch to use of other drugs like opium, cocaine, heroin including other 

addicted substances (Smart and Organization, 1981; Nizami et al., 2011). 

4.2 GENOTYPE/ALLELE FREQUENCIES AND HARDY-WEINBERG 

EQUILIBRIUM IN CASES AND CONTROLS 

The goal of the present study was to identify gene variants which contribute 

for the vulnerability to develop opioids addiction in Pakistani population. A total of 

twelve different polymorphisms including SNPs, VNTRs and Indels of five 

different candidate genes were selected. Single Nucleotide Polymorphisms were 
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analyzed by using RFLP and Real Time PCR (RT-PCR) by employing allele-

specific PCR and fluorescence melting curves. While polymorphisms involving 

VNTRs were analyzed by genotyping assay involving PCR amplification using 

fluorescently labeled primers followed by detection on DNA analyzer. Minor allele 

frequencies (MAF) were calculated in total studied population and separately both 

in cases and control groups for all genetic variants (Table 4.3). Hardy-Weinberg 

Equilibrium (HWE) was also checked for all the markers in total studied 

population as well as in cases and controls separately. The genotypes for each 

polymorphism were mentioned in their respective tables after excluding non-

responding samples with missing genotypes. The genotype distributions for all 

SNPs were found consistent with HWE. 

4.3 GENOTYPE/ALLELE FREQUENCIES OF SELECTED GENETIC 

MARKERS AND THEIR ASSOCIATION WITH OPIOIDS 

ADDICTION 

4.3.1 Genetic Association of Mu-Opioids Receptor Gene (OPRM1) Variants 

with Opioid Addiction 

Opioids acts through opioids receptors in brain and genes of these receptors 

are amongst variants underlying vulnerability to heroin abuse, it is the mu opioids 

receptor that is a prime candidate and it also serves as the main site of action for 

heroin, endogenous opioids peptides and clinically important opioids analgesics 

such as morphine and related drugs including methadone (Zadina et al., 1997; Uhl 

et al., 1999). Previous studies have reported polymorphisms in the mu opioids 

receptor gene and few of these are shown to be responsible for amino acid 
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Table 4.3: Selected susceptibility markers with current study population minor allele frequencies 

   
Minor Allele Frequencies 

Gene SNP ID 

Minor 

Allele 

Type of 

Polymorphisms 

Current Study 

Controls 

Current Study 

Cases Total Population 

DRD2 rs1076560 A SNP 0.24 0.21 0.22 

rs2283265 T SNP 0.23 0.24 0.23 

rs12364283 G SNP 0.07 0.13 0.10 

DAT rs3836790 − VNTR 0.19 0.20 0.19 

rs27072 T SNP 0.25 0.26 0.26 

OPRK1 rs16918875 A SNP 0.04 0.06 0.05 

rs702764 C SNP 0.13 0.15 0.14 

OPRM1 rs1799971 G SNP 0.28 0.27 0.27 

rs563649 A SNP 0.07 0.10 0.08 

rs9282818 − Indel 0.01 0.02 0.02 

PDYN rs35286281 − VNTR 0.48 0.49 0.47 

rs910080 G SNP 0.45 0.40 0.42 
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Table 4.4: Selected susceptibility markers with global, current study and sub-populations minor allele frequencies 

   

 Minor Allele Frequencies 

Gene SNP ID 

Minor 

Allele 

Global Allele 

Frequency 

AFR Sub-

population 

AMR Sub-

population 

 

ASN Sub-

population 

 

EUR Sub-

population 

 

SAS Sub-

population 

 

PJL Sub-

population 

Current 

Study Total 

Population 

DRD2 rs1076560 A 0.23 0.08 0.27 0.42 0.15 0.29 0.27 0.22 

rs2283265 T 0.23 0.08 0.27 0.41 0.15 0.29 0.26 0.23 

rs12364283 G 0.05 0.01 0.03 0.00 0.08 0.12 0.10 0.10 

DAT rs3836790 _ NA _ _ _ _ _ _ 0.19 

rs27072 T 0.21 0.13 0.22 0.26 0.17 0.28 0.27 0.26 

OPRK1 rs16918875 A 0.06 0.16 0.03 0.00 0.04 0.03 0.02 0.05 

rs702764 C 0.24 0.54 0.27 0.08 0.14 0.11 0.14 0.14 

OPRM1 rs1799971 G 0.22 0.01 0.20 0.39 0.16 0.42 0.37 0.27 

rs563649 A 0.10 0.11 0.21 0.09 0.09 0.08 0.08 0.08 

rs9282818 − NA _ _ _ _ _ _ 0.02 

PDYN rs35286281 − NA _ _ _ _ _ _ 0.47 

rs910080 A 0.50 0.49 0.70 0.16 0.74 0.46 0.57 0.57 
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substitutions and altered gene functions (Bond et al., 1998). In present study 

distribution of three polymorphisms of OPRM1; rs1799971 (A118G), rs563649, an 

insertion deletion (rs9282818) were selected and analyzed for both cases and 

control groups. The distribution of genotypes and alleles were computed for all 

three gene variants and compared with other ethnic groups in the world. 

The MAF for rs1799971 (A118G) SNP was 0.27 in total studied Pakistani 

cohort, 0.27 in cases and 0.28 in controls respectively (Table 4.3). According to 

rs1799971 (A118G) SNP frequency data presented in 1000 Genomes database, 

overall world-wide distribution of minor G allele is 0.22. The lowest MAF 

distribution rates of 0.01 are for African populations but higher in rest of the 

populations; 0.16 in Europeans, 0.20 in Americans, 0.39 in Asians and 0.42 in 

South Asians. The 1000 Genomes data clearly highlights a much higher frequency 

of rs1799971 SNP’s G allele in South Asian populations as compared to the rest of 

the world. Within South Asian sub-populations, the Punjabi in Lahore, Pakistan 

group shows frequency 0.37 for rs1799971 SNP’s G allele which is lower as 

compared to South Asians (http://browser.1000genomes.org). 

However already reported data for the rs1799971 (A118G) polymorphism 

in different populations have discovered significant difference in the frequency of 

distribution of minor allele, G118. The frequencies of the minor G118 allele 

reported in African American controls ranged from 0.016 to 0.028 (Bond et al., 

1998; Gelernter et al., 1999), whereas in Caucasians it ranged from 0.105 to 0.164 

(Bergen et al., 1997; Town et al., 1999). Reported MAF for rs1799971 (A118G) in 

Chinese is 0.321 and 0.485 in Japanese (Gelernter et al., 1999; Li et al., 2000). 
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While a recognized data was provided for Chinese in a study consisting of 

four Asian ethnic groups. The study also found no significant difference among 

Chinese Singaporeans and Chinese in mainland China for MAF (Li et al., 2000). In 

general, Gelernter and colleagues concluded that four Asian groups under their 

study had higher MAFs for rs1799971 (A118G) in comparison of all other ethnic 

groups but lower than Japanese. Additionally they also observed that for 

distribution of alleles for this SNP, Singaporeans of the Indian subcontinent 

descent appeared to look nearby Caucasians rather than other ethnic groups in 

Asians (Gelernter et al., 1999).  

The genotype distribution of most frequently studied polymorphism 

rs1799971 (A118G) in studied Pakistani population was found as; 52 homozygous 

(GG) individuals, 179 heterozygous (AG) and 291 homozygous (GG) individuals 

in case group whereas 44 individuals were  found as homozygous (GG), 156 

heterozygous (AG) and  233 homozygous (GG) individuals in control group. The 

genetic association analysis indicated that rs1799971 (A118G) SNP is not directly 

associated (p=0.60, OR=0.95, 95% C.I=0.78-1.16) with heroin dependence in 

studied samples (Table 4.5). Although previous studies conducted on different 

world populations have produced mixed results for this SNP (Arias et al., 2006), 

data presented in current study is consistent with those reported in African-

American, Caucasian, Han Chinese, and European American populations (Franke 

et al., 2001; Crowley et al., 2003; Zhang et al., 2006 a, 2007). A study conducted 

by Franke et al. (2001) in Germany reported no significant difference in the 

frequency of the rs1799971 (A118G) polymorphism in heroin dependents and 
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controls which supports current findings for this polymorphism in Pakistani 

population. Similar results were obtained in 21 case-control studies representing 

1742 opioid dependent cases and 2585 control subjects from European, African, 

Asian, and Native American ancestry (Glatt et al., 2007).  

A large scale Australian study conducted by Nikolov et al. (2011) and 

recent meta-analyses supports the results of current study in Pakistani population 

for indication of no direct association between this SNP and opioid dependence but 

it is suspected that other genetic variants in exon 1 of OPRM1 had contributed a 

role in increasing the disease risk. Another possible explanation of the results is 

that rs1799971 (A118G) may not be directly qualifying for enhancing the disease 

risk but rather has role in status of severity which is supported by a study 

conducted in Hans Chinese population where results indicated no direct association 

with drug dependence but haplotypes analysis involving rs1799971 (A118G) and 

IVS2 +31 G/A variants showed higher tolerance in individuals who were heroin 

dependent (Shi et al., 2002). 

Current study concluded that association of rs1799971 (A118G) SNP of 

OPRM1 gene with heroin addiction in Pakistani population could not identify any 

significant association results of this functional SNP with heroin dependency. 

However it is worth mentioning that this is the first study conducted in a Pakistani 

cohort consisting on heroin addicts and normal controls. 

The studies conducted on SNPs and their haplotypes in OPRM1 with the 

link of drug addiction including the epigenetic changes further affirm the role of 

genetic variations in OPRM1 expression, vulnerability of opioids dependence 
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including not being successful in withdrawal of addiction (Wand et al., 2002; 

Hernandez-Avila et al., 2003; Bart et al., 2005; Zhang et al., 2006 a, b; Zhang et 

al., 2007; Levran et al., 2008; Oroszi et al., 2009; Shabalina et al., 2009; Yuferov 

et al., 2010).  

The rs563649 SNP of OPRMI was also selected for genotyping in 

representative samples of Pakistani population on basis of foregoing observations 

reported in a study where rs563649 was proposed as a new target for individualized 

opioid-based therapies particularly to pain sensitivity responses (Fillingim et al., 

2005; Shabalina et al., 2009). Previously rs1799971 SNP of OPRM1 is reported for 

effects with pain sensitivity, however this role is now considered modest as 

compared to rs563649 SNP. The figures 4.1 and 4.2 quoted below explain the 

importance of MOR-1K isoform and rs563649 as prime target and for possible 

implication in pain sensitivity responses.  

Although rs563649 was identified in pain genetics as a novel and 

potentially functional SNP in a novel MOR-1K isoform of OPRM1 gene, studies 

have recommended further confirmation for the association of morphine responses 

and rs563649 in bigger study groups. Also existence of a novel exon 13 containing 

OPRM1 isoform (MOR-1K) along with rs563649 was explored and reported as a 

strong contributor for variation in pain perception. The study also suggested that 

genetic variations in alternative OPRM1 isoforms may contribute to individual 

differences in opiate responses. Molecular biology experiments were also 

conducted to get an insight into the functional effects of MOR-1K isoform along 

with novel SNP rs563649 which further supported findings of study. The study also 
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recommended that MOR-1K isoform translated in to a 6 transmembrane domain 

(6TM) receptor truncated at its N-terminus (Shabalina et al., 2009).  

Further evidences linked MOR-1K encoded truncated receptor with 

hyperalgesic state that can contribute for molecular mechanisms underlying the 

excitatory effect of opioids. The tolerance, drug dependence, and opioids-induced 

hyperalgesia are the phenotypes contributed by predicted truncated protein of 

MOR-IK with rs563649 (Shabalina et al., 2009). Another study reported that 

rs563649 along with some other OPRM1 variants is linked with libido side effects 

following treatment with methadone, besides this it was also concluded in the study 

that severity of insomnia increased in patients who were on higher methadone 

dosage (Wang et al., 2012). 

On the basis of reported observations regarding rs563649 polymorphism in 

MOR-1K isoform of OPRM1 gene, allele and genotype distribution were 

calculated in studied Pakistani population. Analysis indicated that MAF for this 

polymorphism is 0.08 in studied Pakistani population, 0.10 in drug addicts and 0.07 

in controls (Table 4.3) where as 1000 Genomes data reported 0.10 MAF for global 

population and it is evident from population specific frequency data that highest 

MAF is 0.21 in Americans then 0.11 in Africans and it is 0.09 in Europeans and 

Asians while it is 0.08 in South Asians and Punjabi in Lahore, Pakistan group that 

is consistent with currently observed frequency in studied Pakistani population 

(Table 4.4). 

As for rs563649 genotypes of 524 cases and 461 controls were achieved. 

Genotypes were estimated as; 6 homozygous (AA) samples, 93 heterozygous (GA) 
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Figure 4.1: Exonic composition of MORI and MOR-1K variants of OPRM1 

gene (Shabalina et al., 2009). 

 

 

 

 

Figure 4.2: The diagram showing the difference of protein structure encoded by 

MOR-1 (7 transmembrane receptor) and MOR-1K isoforms 

(truncated, 6 transmembrane receptor) of OPRM1 gene (Shabalina 

et al., 2009). 
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samples and 425 homozygous (GG) samples in cases. In controls, homozygous 

(AA) samples for minor allele were 04, heterozygote (GA) samples were 54 and 

homozygous (GG) samples for wild type allele were 403 (Table 4.5).  

 Statistically significant association was found between heroin addicts and 

rs563649. The genetic association analysis indicated that this polymorphism with 

(p=0.008) and OR=1.54 with 95% CI=1.11-2.14) may contribute towards opioid 

addiction susceptibility in carriers of its risk allele (Table 4.5). To check the marker 

genotype quality control was performed by calculating HWE and was found 

consistent with HWE. Then it was separately checked for cases and controls and no 

deviations were observed. 

Genotype reproducibility was also checked. For this purpose 100 samples 

were picked randomly both from case and control groups and 100% genotype 

reproducibility was determined. In addition call rate for this SNP was 98%. 

A rare indel/GGC, rs9282818 located at codon 63 of OPRM1 was also 

genotyped and analyzed. In genotype distribution only two individuals were found 

homozygous for insertion among cases whereas no homozygous individual was 

observed in control group. Besides this also 19 subjects among cases were found 

heterozygous for insertion and 08 subjects were heterozygous for insertion in 

controls while 2 subjects were homozygous for insertion in cases and no subject 

was found homozygous for insertion in controls. In general observed frequency for 

the rare GGC insertion, rs9282818 was 0.02 in total studied Pakistani population, 

0.02 in cases and 0.01 in controls (Table 4.3). Overall analysis also showed 
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significant association of this rare polymorphism with heroin addiction with 

significant p-value= 0.02 and OR=2.47 with 95% C.I=1.10-5.56 (Table 4.5). 

Nikolov and colleagues (2011) conducted a study on Bulgarians heroin 

addicts and sequenced 101 subjects from heroin dependent group and 101 from 

controls for examining the association of many SNPs in OPRM1 with heroin 

addiction. Only one individual with GGC insertion was reported in this study. The 

results indicated higher overall frequency of this rare polymorphism in Pakistani 

population as compared to Bulgarians. In addition, this rare variant is associated 

with heroin addiction susceptibility in representative studied samples of Pakistani 

population. 

4.3.2 Genetic Association of Kappa Opioids Receptor Gene (OPRK1) 

Variants with Opioid Addiction  

In the present study two SNPs namely rs16918875 and rs702764 located in  

exon 4 of the OPRK1 were genotyped. It has been suggested that KOR-dynorphin 

system plays a role in counter modulatory mechanisms of the brain. KOR agonists 

have a remedial role in the treatment of disorders that result from modifications or 

changes in mesolimbic dopamine transmission including drug addiction. The study 

included OPRK1 because of the evidences that its agonists could be the potential 

therapeutic agents for handling the drug dependency (Shippenberg and Rea, 1997). 

A study was conducted for scanning of selected exonic regions 3 and 4 of OPRK1 

which are known for functional receptor domains and are important for 

pharmacological treatment. The study investigated association of identified SNPs 

with heroin addiction. Moreover due to possible functional interaction of KOR 
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Table 4.5: Genetic association analysis of OPRM1 SNPs and opioid addiction 

Markers  Population  MAF 

(Total) 

MAF 

Cases/Controls 

 

Genotypes OR (95% CI) p-value 

DD Dd* dd 

rs1799971  cases  0.27 0.27 291 179 52 0.95 (0.78-1.16) 0.60 

controls  0.28 233 156 44 

rs563649  cases  0.08 0.10 425 93 06 1.54 (1.11-2.14) 0.008 

controls  0.07 403 54 04 

Indel_rs9282818 cases  0.02 0.02 501 19 02 2.47 (1.10 -5.56) 0.02 

controls  0.01 435 08 0 

 

*D=Major Allele, d= Minor Allele  
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with MOR, this study also probed the potential interaction of identified SNPs with 

rs1799971 (A118G) of mu opioids receptor (Kumar et al., 2012). 

 For rs16918875 calculated MAFs in current studied Pakistani population 

along with reported global and sub-populations MAFs from 1000 Genomes 

databases are presented in Table 4.3 and 4.4, indicating that rs16918875 has almost 

similar MAF in studied Pakistani samples as reported for global population. The 

MAF in current studied population is 0.05 whereas reported global MAF is 0.06. In 

Africans MAF is 0.16 which is highest among all sub-populations and lowest is 

0.02 in Punjabis Lahore, Pakistani group. In Americans and South Asians MAF is 

reported as 0.03 whereas in Europeans it is 0.04. 

In current study while investigating selected OPRK1 variants; 471 cases 

and 403 controls were typed. To explore genetic association of rs16918875 with 

opioid addiction in Pakistani population, only two homozygous individuals for 

minor allele in cases and just one homozygous for minor allele in controls were 

observed. While heterozygous (G/A=35) samples in cases and (G/A=50) in 

controls were calculated. Individuals homozygous for major allele (G/G=473) in 

cases and 403 were in controls. On the whole analysis was performed to investigate 

association with heroin addiction in studied representative subjects from Pakistani 

population and it indicated no significant association (p-value=0.049 and OR=0.65 

with 95% CI= 0.42-1.00) for rs16918875 (Table 4.6).  

Polymorphism rs702764 was another variant of OPRKI, analyzed in 

Pakistani population for allele and genotype distribution. The 1000 Genomes 

database for frequency distribution of rs702764 show that globally reported MAF 
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is 0.24 whereas in current studied population it is 0.14, indicating a difference of 

distribution of minor allele in comparison of global reported frequency. Among 

sub-populations highest MAF is 0.54 for Africans then 0.27 for Americans, 0.14 

for Europeans, 0.14 in Punjabi Lahore, Pakistani group, 0.11 for South Asians and 

0.08 for Asians (Table 4.3 and 4.4). The data show that MAF of studied 

representative samples are consistent with Punjabi Lahore, Pakistan group.  

In genotype analysis of rs702764 SNP, 486 cases and 384 controls were 

typed and calculated genotypes were found as; homozygous individuals for minor 

allele (C/C=12), heterozygous (T/C=120) and homozygous for major allele 

(T/T=354) in cases whereas in controls genotypes were depicted as C/C=14, 

T/C=72 and T/T=298. Overall analysis for rs702764 with p-value=0.28 and 

OR=1.16 with 95% CI= 0.88-1.53 indicated no significant association for opioid 

addiction in studied population. Detailed results for genetic association analysis of 

OPRK1 variants are mentioned in Table 4.6.  

The results of present study with no significant association of selected 

variants with opioid addiction are similar with the findings of study conducted by 

Kumar et al., (2012) in Indian population. Likewise another study conducted in 

European Americans supports the findings of current study for OPRK1 

polymorphisms relationship with opioid dependence. Their study included total 

seven SNPs of OPRK1 for exploring association with substance dependence. 

Polymorphism rs702764 was among their selected SNPs and they did not find 

significant association for any of individually analyzed SNPs including rs702764 

for drug addiction (Zhang et al., 2008). Overall results are in accordance to Indian
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Table 4.6: Genetic association analysis of OPRK1 SNPs and opioid addiction 

Markers  Population MAF 

(Total) 

MAF 

 

Genotypes OR 

(95% CI) 

p-value 

DD Dd* dd 

 

rs16918875  

cases  

0.05 

0.06 473 35 02  

0.65 (0.42-1.00) 

 

0.049 

controls 0.04 403 50 01 

 

rs702764  

cases   

 0.14 

0.15 354 120 12  

1.16 (0.88-1.53) 

 

0.28 

controls 0.13 298 72 14 

 

*D=Major Allele, d= Minor Allele  
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and European American population and did not find OPRK1 as a promising 

protective marker of drug susceptibility. 

4.3.3  Genetic Association of PDYN Gene Variants with Opioid Addiction 

The study included genotyping of two markers; rs910080 and a 68bp 

VNTR (rs35286281) of PDYN as evidences from already conducted studies show 

that dynorphin which are endogenous agonists have counter modulatory effects on 

reward and show plasticity in addictive like states. Furthermore activation of 

KOPr/dynorphin system is also implicated in phenotypes of depression and anxiety 

which often co-occur with addiction. PDYN gene may play a role in susceptibility 

of drug addiction either as genetic factor or contribute due to epigenetic 

modifications of the OPRK1 and PDYN in addiction cycle (Butelman, 2012). In 

view of evidences for the importance of dynorphin peptides and k-opioid receptor 

in the rewarding effects of addictive drugs such as heroin, potential association was 

examined between heroin dependence and rs910080 in the 3’-UTR and a 68bp 

VNTR (rs35286281) in promoter region.  

Analysis for distribution of minor allele showed that MAF of rs910080 in 

studied Pakistani population is 0.42 whereas separately in cases and controls are 

0.40 and 0.45 respectively (Table 4.3). Globally reported MAF for rs910080 is 0.50 

whereas population specific frequencies in 1000 Genomes are reported as 0.49, 

0.70 and 0.74 in Africans, Americans and Europeans respectively. In addition to 

this MAF among Asians is 0.16, South Asian is 0.46 and in Punjabi in Lahore, 

Pakistan is 0.57 (Table 4.4). While in our study subjects frequency of G allele is 

0.42 which is similar to already reported frequency in Punjabi ethnic group of 
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Lahore, Pakistan that is reported as 0.43 where as frequency of A allele in our 

study subjects is 0.58. On the whole population specific comparison for distribution 

of minor allele (A) indicated that highest frequency is in Africans and lowest is in 

Asians. 

Participants for rs910080 genotyping included 491 heroin dependents and 

432 healthy control subjects. Analyzed results indicated that in cases 83 subjects 

were homozygous for G allele with GG genotypes, 230 were heterozygous with 

AG genotypes while 178 individuals were homozygous AA for wild type allele. 

Whereas in controls 97 individuals were with GG genotype, 196 were with AG 

genotype and 139 were AA. Comparison of genotype and allele frequencies 

between two groups of cases and controls showed marginally associated results for 

rs910080 with p-value=0.03 and OR= 0.82 with 95% C.I=0.68-0.99 (Table 4.7). As 

OR<1 indicating that this SNP is not contributing as risk factor for opioid addiction 

in analyzed samples, rather than this might have a protective role 

In the promoter region of PDYN 68bp VNTR (rs35286281) was the second 

polymorphism which was genotyped in Pakistani population in current study. In 

another study it was explained that for genotyping of VNTR, alleles of PDYN 

promoter were divided in to two groups; allele 1; allele 2 and allele 3; allele 4 

which were called L and H alleles respectively. This division was on the basis of 

physiological significance of gene expression as explained by (Zimprich et al., 

2000). Analysis did not find any association of PDYN repeat polymorphism with 

opioid dependence in study subjects. Analyzed results for 68bp VNTR 

(rs35286281) found frequency of L allele as 0.48 in total study subjects whereas 
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separately in cases and controls it was 0.47 and 0.49 respectively (Table 4.3). No 

reference data for distribution of L and H allele in Pakistani population is available.  

Analysis for genotypes distribution was performed in case-control status of 

studied population and genotypes were found as; 124 individuals as homozygous 

(LL), 243 individuals as heterozygous (LH), 151 individuals as homozygous (HH) 

in case group and in controls 123 individuals as homozygous (LL), 181 

heterozygous (LH) and 132 as homozygous (HH). Statistical analysis found no 

significant difference (p-value 0.049 and OR=0.93; 95% C.I=0.76-1.10) in the 

distribution of genotypes of PDYN 68-bp VNTR (rs35286281) between heroin 

addicted subjects and controls (Table 4.7). 

Previously a study was conducted to prove the role of this  putative  variant 

in European, African and Hispanics and found that individuals with three or four 

copies of repeat may have lower risk of drug addiction as compared to one or two 

copies of repeat polymorphism while another study found contrasting results for 

this repeat polymorphism which indicated that individuals with three or four copies 

of repeat are more susceptible for drug addiction (cocaine) but studies conducted 

on genetic association of heroin addiction and PDYN 68bp VNTR produced 

contradictory results. A study was conducted in German population and no 

significant association was observed between heroin abuse and PDYN 68bp VNTR 

(Zimprich et al., 2000). Another study was conducted in African Americans and 

European Americans and no significant association was found for European 

Americans whereas a weak association was detected for African Americans (Ray et 

al., 2005). In conclusion results of current study for genetic association of PDYN
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Table 4.7: Genetic association analysis of PDYN SNPs and opioid addiction 

Markers  Population MAF (Total) MAF Genotypes OR (95% CI) p-value 

DD Dd* dd 

rs910080  cases  

0.42 

0.40 178 230 83  

0.82 (0.68-0.99) 

 

0.03 
controls 0.45 139 196 97 

rs35286281  cases  

0.48 

0.47 151 243 124  

0.93 (0.76-1.10) 

 

0.49 
controls 0.49 132 181 123 

 

*D=Major Allele, d= Minor Allele  
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68bp repeat polymorphism and heroin dependence in Pakistani population are in 

accordance with German and European American populations. 

4.3.4 Genetic Association of DRD2 Gene Variants with Opioid Addiction 

For developing addiction phenotype, rewarding effects of many drugs of 

abuse are mediated by dopamine D2 receptor. Studies have provided the clues for a 

number of polymorphisms in DRD2 which are associated with increased genetic 

risk for developing addictive disorders (Wise, 2002; Gardner, 2011; Florence et al., 

2014). The present study examined the association of three selected SNPs of DRD2 

with opioid addiction which are considered as most frequently studied candidate 

variants namely; rs1076560, rs2283265 and rs12364283. 

The MAF calculated for (A allele) of rs1076560 was 0.22 in total studied 

population while 0.21 in cases and 0.24 in controls (Table 4.3). Global and 

population specific frequency data reported in 1000 Genomes database is as; 0.23 

is the globally reported distribution of minor allele whereas 0.08 in Africans, 0.27 

in Americans, 0.42 in Asians, 0.15 in Europeans, 0.29 in South Asians and 0.27 in 

Punjabi in Lahore, Pakistan (Table 4.4). The frequency data indicated that lowest 

frequency of rs1076560 SNP’s A allele is for Africans and highest is in Asians.  

 For variant rs1076560, 509 opioid dependents and 441 controls were 

typed. Genotypes for rs1076560 in opioid addicted subjects were found as; 27 

individuals homozygous (AA) for minor allele, 161 heterozygous (CA), 321 

homozygous (CC) for major allele whereas in normal control group 20 individuals 

were homozygous (AA) for minor allele, 170 heterozygous (CA) and 251 were 

homozygous (AA) for major allele. In statistical analysis for this SNP no 
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significant associations having p=0.16, OR=0.86 with (95% C.I=0.69-1.06) was 

observed (Table 4.8). 

Analyzed MAF for rs2283265 is 0.23 whereas it is 0.24 in healthy controls 

and 0.23 in drug addicts. The frequency data of rs2283265 available on 1000 

Genomes database pointed that on the whole world-wide distribution of minor T 

allele is 0.23 and lowest is 0.08 in African population but it is higher in other 

populations of world; 0.15 in Europeans, 0.27 in Americans, 0.29 in South Asians, 

0.41 in Asians and 0.26 for Punjabi in Lahore, Pakistan (Table 4.3 and 4.4). 

Population specific frequency data of 1000 Genomes demonstrated that distribution 

of minor allele in our study population is similar to overall distribution in the whole 

world and also seemed close to Punjabi in Lahore, Pakistan.  

In total 525 cases and 433 controls were genotyped for rs2283265. 

Genotype results indicated that 33 individuals were homozygous (TT) for minor 

allele, 171 were heterozygous (GT) and 321 were homozygous (GG) for wild type 

allele among cases whereas in controls 20 individuals were homozygous (TT) for 

minor allele, 168 were heterozygous (GT) and 245 were homozygous (TT) for 

major allele. To investigate association of rs2283265 with risk of opioids addiction 

in Pakistani population, statistical analysis found no significant association 

(p=0.46, OR=0.92; 95% C.I=0.75-1.14) with opioids addiction (Table 4.8). 

The results of allele frequency for rs12364283 indicated that MAF for G 

allele in cases and controls are 0.13 and 0.07 respectively. It is 0.10 in total study 

population that is relatively more frequent in Pakistani population than already 

reported global MAF which is 0.05. According to 1000 Genome database 
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distribution rate of minor allele is lowest in Africans (0.01) and higher in South 

Asians (0.12) whereas it is 0.03 in Americans, 0.08 in Europeans and 0.10 for 

Punjabi in Lahore, Pakistan (Table 4.3 and 4.4). In Asians no frequency was 

determined. Frequency data of 1000 Genome database clearly indicated that 

estimated frequency in total study population is exactly similar to already reported 

frequency for Punjabi in Lahore, Pakistan. 

Genotyping distribution of rs12364283 showed 20 homozygous (GG) 

individuals with minor allele in drug dependents and 04 (GG) in normal controls, 

95 heterozygous (GA) in addicts and 54 (GA) individuals in controls including 386 

(AA) homozygous for major allele in opioid addicts and 390 in control group.  

Furthermore in statistical analysis a strong significant association of 

rs12364283 with increasing risk of opioid dependency was observed as a highly 

significant p-value <0.0001, OR=2.09, 95% CI=1.53-2.87 was obtained in analysis 

(Table 4.8). 

The results are supported by a study conducted by Zhang et al. (2007), 

reported that rs12364283 is a SNP in the promoter region which enhances DRD2 

expression but has not been studied further because it was less frequent in their 

studied population whereas for current studied Pakistani population it is relatively 

more prevalent and is sufficiently large to reveal a robust effect. Hence this study 

indicated the ethnic differences in allele frequencies and a surprising result with the 

DRD2 promoter SNP rs12364283 and it must be replicated as study lays the 

foundation for paying attention to it. Furthermore another recently conducted study 

investigated Posttraumatic Stress Disorder (PTSD) which is a pathologic response 
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Table 4.8: Genetic association analysis of DRD2 SNPs and opioid addiction 

Markers  Population  MAF 

(Total) 

MAF 

cases/controls 

Genotypes 

 

OR (95% CI) 

 

p-value  

DD Dd* dd 

rs1076560  cases   

0.22 

0.21 321 161 27  

0.86 (0.69-1.06)  

 

0.16 controls  0.24 251 170 20 

rs2283265  cases   

0.23 

0.23 321 171 33  

0.92 (0.75-1.14)  

 

0.46 controls  0.24 245 168 20 

rs12364283  cases   

0.10 

0.13 386 95 20  

2.09 (1.53-2.87)  

 

<0.0001 controls  0.07 390 54 04 

 

*D=Major Allele, d= Minor Allele 
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to severe stress and is a common co- morbid disorder in drug addicted individuals, 

explored the association between rs12364283 and amphetamine-dependent 

individuals and suggested the role of functional promoter SNP rs12364283 of 

DRD2 in pathophysiology of PTSD (Nelson et al., 2014). 

4.3.5 Genetic Association of Dopamine Transporter Gene (DAT) Variants 

with Opioid Addiction 

 On basis of insightful results of previous studies which were conducted for 

interaction of regulatory variants in the D2 dopamine receptor and the dopamine 

transporter in the perspective of drug addiction, two variants rs3836790 (intron8 

5/6 repeat) and rs27072 of DAT were selected for genotyping in DNA of cases and 

controls in our study cohort. D2 dopamine and dopamine transporter physically 

interact with each other in the presynaptic terminal and are in consideration to 

amend the role of each other (Le et al., 2007; Blasi et al., 2009). 

In present study subjects, frequency of 5 and 6 repeat of DAT rs3836790 

were calculated and it was found that MAF in total study population for 5 repeat is 

0.19 whereas separately in cases and controls it was estimated at 0.20 and 0.19 

respectively (Table 4.3). No frequency data for global and population specific MAF 

of rs3836790 is available in 1000 Genomes database. 

While genotyping of a VNTR (rs3836790) polymorphism, genotypes of 511 

cases and 443 controls were obtained after excluding samples with missing 

genotypes. It was found that 26 samples were homozygous (5/5) for 5- repeat 

allele, 147 were heterozygous (5/6) for 5 and 6 repeat allele and 338 were 
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homozygous (6/6) carriers of 6-repeat allele in case group whereas among controls 

27 study subjects were homozygous (5/5) for 5- repeat allele, 122 were 

heterozygous (5/6) for 5 and 6 repeat allele and 294 were homozygous (6/6) 

carriers of 6-repeat allele. In present study genetic association analysis between 

study subjects and opioid addiction showed the results as; OR=0.97 (95% 

C.I=0.77-1.22) and p= 0.82 (Table. 4.9) indicating that carriers of the minor 5-

repeat DAT allele are not on a significant risk of opioid addiction in current study. 

 In case of 3’UTR variant rs27072, overall MAF (T allele) in current study 

cohort is 0.26 while global reported frequency is 0.21 which is less than the 

frequency calculated in total studied samples. MAF was also calculated separately 

in case and control groups as 0.20 and 0.19 respectively. Whereas frequencies 

provided by 1000 Genomes data base for different populations of the world are 

given as 0.13, 0.22, 0.26, 0.17, 0.28 for Africans, Americans, Asians, European and 

South Asians respectively (Table 4.4). Furthermore in sub-populations of South 

Asia, minor allele is distributed as 0.29 in (Bengali in Bangladesh), 0.29 in 

(Guajarati Indian in Houston, TX), and 0.27 in (Punjabi in Lahore, Pakistan).  

 In conclusion, distribution of minor allele in current studied subjects for 

rs27072 is 0.26 which is exactly same as reported in Asians and also nearly equal 

to frequency already calculated in (Punjabi in Lahore, Pakistan). In genetic 

association analysis for rs27072 SNP 480 cases and 401 controls were typed. In 

cases 37 individuals were found homozygous (TT), 178 were heterozygous (TC) 

and 265 were found homozygous (CC). While in controls 35 individuals were 

found homozygous (TT), 134 were heterozygous (TC) and 232 were found    
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homozygous (CC). To investigate genetic association between our study subjects 

and opioids addiction, statistical analysis was performed and rs27072 did not reach 

to level of significance with OR=1.04, (95% C.I=0.78-1.12) and p= 0.69 (Table 

4.9).  

Though the studied variants of DAT are not directly significantly associated 

with heroin addiction in Pakistani population but if epistatic gene-gene-

environment interactions studied, it might contribute to the heritability of drug 

addiction. A study designed by the Sullivan et al. (2013) found that two variants; 

rs27072 and rs3836790 of DAT gene were not associated with risk of drug 

addiction in their studied African American samples. 

 But another study conducted to explore the association between selected 

DAT variants and central nervous system disorders found that rs27072 was 

significantly (OR=2.1, p=0.03) associated with bipolar disorder (Pinsonneault et 

al., 2011) while a study conducted in Caucasian and Brazilian populations 

investigated a positive association between cocaine dependence and DAT variants 

(Noble et al., 1993; Guindalini et al., 2006). 

In present study to investigate genetic association between our study 

subjects  and  opioid addiction,  statistical  analysis was performed  for  two  

selected candidate variants of DAT gene intron8, 5/6 repeat (rs3836790) and 

rs27072, none of variant reached to level of significance with OR=0.97, 95% 

CI=0.77-1.22, p=0.82; OR=1.04, 95%  CI=0.78 -1.12, p=0.69 respectively (Table 

4.9). 
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Table 4.9: Genetic association analysis of DAT SNPs and opioid addiction 

Markers  Population MAF 

(Total) 

MAF 

cases/controls 

Genotypes 

 

OR (95% CI) p-value 

DD Dd* dd 

         

rs3836790 

intron8 (5/6repeat)  

cases  

0.19 

0.20 338 147 26  

0.97 (0.77-1.22) 

 

0.82 
controls 0.19 294 122 27 

rs27072 cases  

0.26 

0.26 265 178 37  

1.04 (0.78 -1.12) 

 

0.69 
Controls 0.25 232 134 35 

 

*D=Major Allele, d= Minor Allele  
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4.4 GENETIC ASSOCIATION ANALYSIS OF GENOTYPED SNPs, 

OPIOID ADDICTION AND EXTERNAL/ENVIRONMENTAL 

FACTORS 

Drug addiction including opioids addiction is the interplay of genetic 

makeup of individuals with environmental/external factors including the internal 

preparedness/intrinsic factor of individuals and may contribute as risk phenotypes 

for development of opioids addiction. In our study selected markers for opioid 

addiction were genotyped in total study population and their associations were 

computed with factors like age groups (<20, 21-40, and >40 years), drug dose 

(>1000 mg), age of onset of heroin (<20, >40 years age groups), age of onset of 

addictables other than heroin (<20 and 21-40 years), and stress/other factors. 

In age based comparisons of genetic markers towards heroin addiction, 

gene variants rs9282818 of OPRM1, rs35286281 of PDYN, rs3836790 of DAT 

showed significant associations (p<0.05). In <20 years of age groups ~4 times 

higher risk towards opioid addiction was contributed by rs9282818 SNP of 

OPRM1 gene (OR=3.51, 95% CI=1.39-8.89) and rs35286281 SNP of PDYN gene 

(OR=3.89, 95% CI=1.42-10.65) as compared to individuals older in age (>41 

years). In >41 years age group, rs3836790 of DAT gene increased ~3 times risk 

(OR=2.51, 95% CI=1.06-5.97) while rs35286281 SNP of PDYN gene had ~2 folds 

risk (OR = 1.78, 95% CI=1.03-3.09) towards heroin addiction as compared to <20 

years age group (Table 4.10). Although substance abuse disorder is prevalent 

among adolescents and adults, studies have indicated adolescence at a higher risk 

of substance abuse disorder linked with critical developmental period and 
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behavioral problems. Adolescence is a stage mainly characterized by developing 

brain connected with neurobiological changes. Among adolescents, neurobiological 

changes affect the tendency of psychoactive substance use to substance abuse 

which is further connected with heighted risk of addiction in later adulthood (Giedd 

et al., 1992; Schenk and Izenwasser, 2002; Adriani et al., 2003; Chambers et al., 

2003). Our results clearly indicate that genetic markers might play a part in age 

based enhanced heroin abuse vulnerability. Although rs35286281 variant of PDYN 

had higher risk seems to contribute towards addiction in both age groups.  

Drug dose comparison of genetic markers in present study population 

showed that rs702764 SNP of OPRK1 increased ~2 folds higher risk of addiction 

(OR=1.62, with 95% CI=1.02-2.57, p=0.04) in subjects at higher daily drug doses 

(>1000 mg) as compared to lower daily dose (<1000 mg) Table 4.11. In 

comparison, rs27072 variant of DAT gene seemed to show some protective effect 

from addiction (OR=0.61, 95% CI=0.38-0.99, p=0.003). There was a lack of 

association of all the remaining markers towards daily drug dose in studied 

Pakistani population. The significant association of rs702764 SNP of OPRK1 

indicates that subjects carrying risk allele of this genetic variant are dependent at 

high daily drug dose as compared to those with normal alleles.  

Analysis of onset age of heroin use indicated significant association of 

rs9282818 variant of OPRM1 and rs35286281 of PDYN to heroin abuse in 

adolescents (Table 4.12). The logistic regression analysis results indicate that 

rs9282818 variant of OPRM1 had 1.65 folds higher risk (OR=1.65, 95% CI=1.09-

2.49, p=0.01) while rs35286281 of PDYN increased addiction risk up to 1.63 folds 
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(OR=1.63, 95% CI=1.08-2.46, p=0.01). According to above findings, both variants 

seem to increase ~2 folds susceptibility towards heroin addiction in <20 years of 

age groups. None of other genetic markers showed any associations with onset age 

of heroin addiction. Results indicated that two variants of DRD2; rs1076560 and 

rs2283265 are associated with stress that can enhance the vulnerability to addiction 

or relapse of drug use.  

In our study, analysis was also performed to investigate the association of 

studied SNP markers with age of onset of addictable substances abused before 

heroin addiction and our results indicated no significant association for any marker 

(Table 4.13). 

Stress is among external/environmental risk factors and is considered to 

contribute both for initiation and relapse of drug abuse (Hamidovic et al., 2010).  

Our analysis was performed in two parts, one part for association of “stress” as an 

individual factor with SNP markers and in other part combination of factors like 

urge, company, poverty, unawareness, anger, drug trafficking, home environment, 

and curiosity for experiencing drugs were analyzed under the category of “other 

factors” for association with SNP markers and no significant results were found for 

this category while for analysis of stress as an individual factor our results 

indicated that two SNPs rs1076560 and rs2283265 of DRD2 were significantly 

associated with stress as a risk factor for addiction.  The SNP marker rs1076560 

had 1.87 folds elevated risk (OR=1.87, 95% CI=1.08-3.22, p=0.02) while 

rs2283265 indicated marginally associated results (OR=1.73, 95% CI=1.01-2.94, 

p=0.04 for risk of addiction (Table 4.14). 
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Table 4.10: Association of SNP markers with opioid addiction among different age groups 

 Age Groups (Years)  

SNP ID <20 vs 21-40 p-value 21-40 vs >41  p-value 

OR (95% CI) 

OR (95% CI) 

rs1076560 1.69 (0.76-3.78) 0.17 0.68 (0.43-1.07) 0.082 

rs2283265 1.81 (0.81-4.05) 0.12 0.83 (0.55-1.27) 0.39 

rs12364283 1.07 (0.47-2.45) 0.87 0.84 (0.51-1.39) 0.49 

rs3836790 0.78 (0.40-1.49) 0.46 2.51 (1.06-5.97) 0.04 

rs27072 1.49 (0.70-3.19) 0.29 0.86 (0.57-1.29) 0.46 

rs16918875 0.55 (0.30-1.03) 0.08 0.70 (0.35-1.40) 0.29 

rs702764 0.62 (0.29-1.30) 0.22 0.99 (0.58-1.67) 0.96 

rs1799971 1.35 (0.67-2.72) 0.38 0.99 (0.68-1.44) 0.98 

rs563649 1.53 (0.47-4.96) 0.45 1.50 (0.89-2.53) 0.13 

rs9282818 3.51 (1.39-8.89) 0.0038 1.31 (0.94-1.82) 0.11 

rs35286281 3.89 (1.42-10.65) 0.0034 1.78 (1.03-3.09) 0.04 

rs910080 1.30 (0.71-2.40) 0.39 0.96 (0.67-1.38) 0.82 
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Table 4.11: Association of SNP markers with opioid addiction with daily drug dose usage 

 

 

 

 

 
Daily Drug Dose (>1000mg) 

 

SNP ID OR (95% CI) p-value 

rs1076560 1.20 (0.84-1.71) 0.32 

rs2283265 0.92 (0.65-1.31) 0.66 

rs12364283 0.99 (0.65-1.52) 0.98 

DAT Intr 8 1.17 (0.82-1.66) 0.38 

rs27072 0.61 (0.38-0.99) 0.003 

rs16918875 1.31 (0.61-2.80) 0.49 

rs702764 1.62 (1.02-2.57) 0.04 

rs1799971 0.96 (0.69-1.33) 0.81 

rs563649 0.72 (0.43-1.19) 0.19 

rs9282818 0.93 (0.70-1.22) 0.59 

rs35286281 0.97 (0.71-1.31) 0.82 

rs910080 0.97 (0.72-1.32) 0.87 
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Table 4.12: Association of SNP markers with age of onset of heroin addiction 

SNP ID 
<20 

p-value 
>41 

p-value 
OR (95% CI) OR (95% CI) 

rs1076560 1.29 (0.92-1.82) 0.14 0.50 (0.15-1.64) 0.21 

rs2283265 1.00 (0.72-1.38) 0.98 0.51 (0.15-1.68) 0.23 

rs12364283 1.04 (0.70-1.53) 0.85 0.88 (0.28-2.79) 0.82 

rs3836790 1.11 (0.80-1.55) 0.52 1.43 (0.61-3.35) 0.42 

rs27072 1.09 (0.77-1.52) 0.63 0.42 (0.13-1.40) 0.11 

rs16918875 1.23 (0.58-2.59) 0.59 0.98 (0.13-7.20) 0.98 

rs702764 1.00 (0.65-1.54) 0.99 NA NA 

rs1799971 1.21 (0.89-1.64) 0.22 0.84 (0.34-2.04) 0.69 

rs563649 0.99 (0.63-1.56) 0.96 0.40 (0.06-2.96) 0.3 

rs9282818 1.65 (1.09-2.49) 0.017 0.88 (0.37-2.10) 0.78 

rs35286281 1.63 (1.08-2.46) 0.019 0.88 (0.37-2.10) 0.78 

rs910080 1.21 (0.91-1.61) 0.2 1.07 (0.46-2.50) 0.88 
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Table 4.13: Association of SNP markers with age of onset of addictables other than heroin 

 

 

 

 

 

 

 

 

   Age At First Attempt of  Other  Addictabels 

SNP ID 
<20 vs 21-40 

p-value 
OR (95% CI) 

rs1076560 1.01 (0.69-1.49) 0.94 

rs2283265 0.97 (0.67-1.40) 0.86 

rs12364283 0.89 (0.57-1.39) 0.61 

rs3836790  1.05 (0.73-1.50) 0.81 

rs27072 0.99 (0.68-1.45) 0.97 

rs16918875 0.54 (0.17-1.73) 0.26 

rs702764 0.48 (0.25-0.91) 0.01 

rs1799971 1.11 (0.79-1.55) 0.56 

rs563649 1.45 (0.89-2.36) 0.15 

rs9282818 1.04 (0.76-1.44) 0.79 

rs35286281 1.02 (0.75-1.39) 0.89 

rs910080 0.74 (0.53-1.04) 0.08 
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Table 4.14: Association of SNP markers with external factors influencing addiction 

 

Addiction Influencing External Factors 

SNP ID 
Stress 

p-value 
Other Factors 

p-value 
OR (95% CI) OR (95% CI) 

rs1076560 1.87 (1.08-3.22) 0.02 2.11 (0.56-7.99) 0.72 

rs2283265 1.73 (1.01-2.94) 0.04 1.00 (0.22-4.63) 0.98 

rs12364283 1.15 (0.71-1.87) 0.57 0.90 (0.11-7.31) 0.59 

rs3836790 1.22 (0.82-1.82) 0.33 0.85 (0.44-1.64) 0.61 

rs27072 1.35 (0.88-2.05) 0.17 1.12 (0.24-5.26) 0.89 

rs16918875 1.27 (0.52-3.06) 0.61 0.87 (0.13-5.83) 0.89 

rs702764 4.58 (0.90-23.26) 0.078 1.00 (0.43-2.34) 1 

rs1799971 0.92 (0.62-1.37) 0.69 1.01 (0.57-1.81) 0.97 

rs563649 1.15 (0.64-2.06) 0.65 1.10 (0.47-2.55) 0.83 

rs9282818 3.19 (0.88-11.56) 0.07 _ _ 

rs35286281 0.95 (0.66-1.38) 0.79 1.02 (0.24-4.30) 0.98 

rs910080 0.98 (0.69-1.40) 0.93 0.79 (0.44-1.41) 0.42 
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4.5 ETHNICITY WISE ASSOCIATION ANALYSIS OF 

POLYMORPHISMS STUDIED IN PAKISTANI POPULATION 

It is documented that due to natural selection or random drift specific 

disease-associated genetic factors may differ in frequency among populations 

(Lohmueller et al., 2006). Moreover pattern and degree of linkage disequilibrium 

(LD) also differ among populations. Still in different ethnic groups some functional 

variants may have different effects (Tate and Goldstein, 2004). 

The current study subjects belong to three major ethnic groups namely 

Punjabis, Pakhtoons and Kashmiris.  Variants of all selected candidate genes were 

analyzed in ethnically diverse Pakistani population. Genotype and allele 

frequencies of all polymorphisms with p-values for the three ethnic groups 

Punjabis, Pakhtoons and Kashmiris are given in (Table 4.15, 4.16, and 4.17, for all 

tables *D=Major Allele, d= Minor Allele) respectively. Investigations for 

association of disease did not find significantly associated results for any ethnic 

group in this study. 

4.6 HAPLOTYPES, HAPLOTYPES FREQUENCIES AND GENETIC 

ASSOCIATION ANALYSIS WITH OPIOIDS ADDICTION 

 After availability of detailed SNPs map from public and private databases, 

haplotypes based association analysis has turned out to be an important approach to 

probe the link of addictive behavior with candidate genes. Therefore, haplotypes of 

OPRMI, OPRKI, PDYN, DRD2, and DAT associated SNPs and their frequencies 

were computed in a case-control status (Table 4.18, 4.19, 4.20, 4.21, and 4.22). In 

addition, associations of all selected genes haplotypes with opioid addiction were  
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Table 4.15:  Ethnicity wise genotype frequency in Punjabis for polymorphisms studied in Pakistani population 

Marker dd 

Cases 

dd 

Controls 

*Dd 

Cases 

*Dd 

Controls 

DD 

Cases 

DD 

Controls 

MAF OR (MAF) p-value 

DRD2_rs12364283 07 03 67 39 237 288 0.09 2.0 (1.3-2.9) 0.0001 

DRD2_rs1076560 17 15 101 135 199 172 0.23 0.7 (0.6-1.0) 0.06 

DRD2_rs2283265 25 15 100 133 199 169 0.24 0.87 (0.67-1.12) 0.28 

DAT Int8 16 21 86 92 210 216 0.19 0.91 (0.69-1.20) 0.51 

DAT_rs27072 25 27 105 93 167 178 0.25 1.07 (0.83-1.40) 0.57 

OPRK1_rs16918875 0 0 19 42 294 291 0.04 0.46 (0.26-0.80) 0.005 

OPRK1_rs702764 03 11 77 55 221 217 0.13 1.01 (0.72-141) 0.92 

OPRM1_rs563649 02 03 59 44 261 292 0.08 1.36 (0.92-2.00) 0.11 

OPRM1_rs1799971 42 33 107 115 176 169 0.28 1.04 (0.81-1.32) 0.74 

OPRM1 _rs9282818 01 0 11 08 313 317 0.01 1.63 (0.67-3.97) 0.27 

PDYN _rs35286281 84 95 158 124 81 100 0.49 1.05 (0.84-1.30) 0.65 

PDYN_rs910080 56 69 140 148 110 100 0.43 0.85 (0.68-1.06) 0.16 
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Table 4.16:  Ethnicity wise genotype frequency in Pakhtoons for polymorphisms studied in Pakistani population 

Marker dd 

Cases 

dd 

Controls 

*Dd 

Cases 

*Dd 

Controls 

DD 

Cases 

DD 

Controls MAF OR (MAF) P-value 

 

DRD2_rs12364283 10 0 21 06 100 46 0.12 3.0 (1.2-7.4) 0.01 

DRD2_rs1076560 05 02 39 12 91 38 0.17 1.21 (0.65-2.25) 0.52 

DRD2_rs2283265 02 01 47 14 89 35 0.17 1.19 (0.64-2.20) 0.57 

DAT Int8 07 03 44 16 88 32 0.21 0.95 (0.55-1.66) 0.88 

DAT_rs27072 05 01 54 19 69 26 0.24 1.12 (0.64-1.97) 0.67 

 

OPRK1_rs16918875 02 01 12 04 121 48 0.05 1.04 (0.39-2.75) 0.92 

OPRK1_rs702764 04 01 31 09 96 36 0.14 1.28 (0.62-2.63) 0.48 

OPRM1_rs563649 03 01 25 05 112 47 0.098 1.76 (0.75-4.13) 0.18 

OPRM1_rs1799971 07 03 46 19 84 29 0.22 0.86 (0.50-1.47) 0.59 

OPRM1_In-Del rs9282818 01 0 05 0 131 52 0.018 - 0.09 

PDYN _rs35286281 25 10 55 21 54 20 0.39 0.95 (0.60-1.52) 0.85 

PDYN_rs910080 16 13 60 18 51 20 0.38 0.74 (0.46-1.19) 0.22 
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Table 4.17: Ethnicity wise genotype frequency in Kashmiris for polymorphisms studied in Pakistani population 

Marker dd 

Cases 

dd 

Controls 

*Dd 

Cases 

*Dd 

Controls 

DD 

Cases 

DD 

Controls MAF OR (MAF) p-value 

DRD2_rs12364283 03 01 05 05 22 22 0.15 1.57 (0.56 - 4.38) 0.38 

DRD2_rs1076560 04 0 07 08 18 18 0.2 1.91 (0.73- 4.98) 0.17 

DRD2_rs2283265 05 01 09 08 18 18 0.24 1.85 (0.77- 4.43) 0.16 

DAT Int8 01 01 11 06 18 19 0.18 1.52 (0.57- 4.02) 0.39 

DAT_rs27072 02 0 10 08 17 15 0.21 1.51 (0.57-3.99) 0.4 

OPRK1_rs16918875 0 0 02 03 30 24 0.04 0.54 (0.08-3.40) 0.51 

OPRK1_rs702764 04 01 05 03 22 18 0.16 2.06 (0.67-6.30) 0.19 

OPRM1_rs563649 0 0 05 01 27 27 0.05 4.66 (0.52- 41.16) 0.13 

OPRM1_rs1799971 01 05 14 09 17 12 0.3 0.57 (0.26-1.28) 0.17 

OPRM1 In-Del rs9282818 0 0 02 0 30 27 0.01 - 0.19 

PDYN _ rs35286281 09 07 13 12 09 08 0.49 1.07 (0.51-2.23) 0.84 

PDYN_rs910080 08 05 13 11 09 08 0.46 1.20 (0.56-2.57) 0.63 
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also calculated.  

4.6.1 Haplotypes Association Analysis for OPRM1 Gene  

Three SNPs of OPRM1 gene in the order; rs563649, rs1799971 and 

rs9282818 (Indel) were employed for a single haplotype block analysis both in 

cases and controls. The analysis found four haplotypes combinations; AAD, GGD, 

GAD, GAI has given in Table 4.18. Result showed that AAD is the haplotype that 

had 10% frequency in cases and 7% in controls. These result depicted a higher 

frequency among cases along with significant p-value=0.01. Hence AAD haplotype 

might contribute towards increased susceptibility of opioid use. It is concluded that 

allele A is a risk allele and haplotypes AAD that include A-allele may add to opioid 

addiction risk in Pakistani population. Whereas analysis also revealed that other 

three haplotypes GGD (26% cases; 28 % controls; p=0.4), GAD (61% cases; 63 % 

controls; p=0.28) and GAI (1 % cases; 0.8 % controls; p=0.08) having no 

considerable difference of frequencies among cases and controls along with 

insignificant p-values. Overall did not observe any significant association of these 

three haplotypes with opioid addiction risk in Pakistani population.  

Furthermore analysis also indicated role of OPRM1 with opioid addiction 

susceptibility in current studied population which is already explained by studies 

providing evidences that OPRM1 might play a major role in drug addiction but its 

function is population specific and a study concluded that in European Americans 

haplotypes located at OPRM1 locus might contribute for increased risk of drug 

addiction (Lou et al., 2003).  

Mu-opioid receptor gene (OPRM1) serves as the major site for the analgesic  
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action of the majority of opioids drugs including morphine, heroin and other related 

opioids agonists (Deb et al., 2010). In present study haplotypes association analysis 

for OPRM1 markers was performed with the aim to explore the relationship among 

the gene encoding mu-opioids receptor and opioid vulnerability in Pakistani opioid 

dependents. 

4.6.2 Haplotypes Association Analysis for OPRK1 Gene 

Though individual single nucleotide polymorphism analysis for OPRK1, 

encodes for kappa-opioid receptor implicated in substance abuse pathophysiology 

did not show any significant genetic association for two markers rs16918875 and 

rs702764 with opioid dependence in study samples but analysis further extended to 

haplotypes analysis for the two SNPs; rs16918875 and rs702764 of OPRK1 gene 

because it is evident that results of haplotypes analysis might be more revealing as 

compared to individual SNPs association analysis for disease association detection 

specifically in those cases where gene function is effected by combinations of 

SNPs (Terry et al., 2000). 

A study was performed in connection of OPRK1 and in findings they did 

not observe any association for OPRK1 SNPs in connection of addiction but when 

they employed haplotypes analysis for the SNPs rather than individual analysis, 

they found haplotypes in OPRK1 associated with substance dependence (Zhang et 

al., 2008). 

In genetic association analysis no significant results of individual marker 

association were observed for OPRK1 SNPs and then haplotypes analysis including 

two SNPs in order; rs16918875 and rs702764 in a single block was conducted. 
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Three haplotypes; AC, AT and GC were found. Overall frequencies were 

calculated for all three haplotypes. Besides this haplotypes frequencies were also 

calculated separately both for cases and controls. Analysis revealed significant 

result for AT haplotype that had 0.3 % frequency in cases and 2.7 % in controls 

with p-value <0.0001, indicating that AT haplotype had higher frequency in control 

as compared to cases. Result demonstrated that AT is not contributing for disease 

risk in current study subjects rather it might have a protective role. Whereas overall 

frequency for AT haplotype was calculated as 1 % that is quiet low. Moreover 

analysis also did not find any significant association for two haplotypes AC (3 % 

cases; 4 % controls; p=0.68) and GC (11.5% cases; 9% controls; p=0.11) with 

opioid dependence in Pakistani population. Results of haplotype analysis with 

SNPs in OPRK1 are summarized in Table 4.19. 

4.6.3 Haplotypes Association Analysis for DRD2 Gene 

Evidences from the studies identified the role of dopamine receptor-

arbitrated pathways in the mechanism of drug dependence but there is controversy 

in the results of population based association studies between drug addiction and 

studied variants of DRD2 (Xu et al., 2004). 

To investigate the susceptibility sites, three SNPs namely rs12364283, 

rs1076560, and rs2283265 were analyzed for genetic association in study subjects 

and then for better understanding of susceptibility role of DRD2 with heroin abuse, 

analysis was expanded to haplotypes association analysis. Three SNPs in the order; 

rs12364283, rs1076560, and rs2283265 were used as a single block and six 

common haplotypes AAG, AAT, ACG, ACT, GCG, and GAT were found. On the 
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whole frequencies were computed for all the six haplotypes including the 

calculation of frequencies both for cases and control separately. Analysis identified 

no significant association of haplotypes AAG (1% cases; 1.8 % controls; p=0.1) 

AAT (17% cases; 20% controls; p=0.07) ACG (65% cases; 68% controls; p=0.10) 

and ACT (2.4% cases; 2% controls; p=0.25) with disease susceptibility because no 

prominent difference of frequency was found among cases and controls. 

In addition analysis of two haplotypes GCG and GAT in cases and controls 

demonstrated that these haplotypes are significantly (p=<0.0001 and p=0.01 

respectively) associated with heroin addiction susceptibility. The haplotype GCG 

had a higher frequency in cases (11%) than in controls (5%), whereas haplotype 

GAT was observed as (3%) in cases and (1.4%) in controls. Overall frequency of 

GCG and GAT haplotype is 8 % and 2 % respectively in study population. For 

GCG haplotype p-value<0.0001 indicating strong association for more 

vulnerability to heroin abuse in studied samples. Similar findings were observed 

for another haplotype; GAT of DRD2 gene. Analysis explored the significant 

association of GAT haplotype with heroin dependence in cases because of  

significant p-value=0.01 and higher frequency in cases which is 3 % as compared 

to low frequency in controls that is 1.4% . In conclusion haplotypes analysis for 

DRD2 probed G allele as the risk allele in our samples. Detailed results for all 

haplotypes along with their frequencies and p-values are mentioned in Table 4.20. 

Xu and colleagues (2004) analyzed the haplotypes of DRD2 in Chinese and 

German heroin addicts and findings of their study supported the susceptibility role 

of DRD2 for their studied populations but with a difference of contribution for 
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level of risk among the Chinese and Germans. Findings of our haplotypes analysis 

for DRD2 polymorphisms are in consistency with already performed studies. 

4.6.4 Haplotypes Association Analysis for DAT Gene 

Studies indicating that dopamine transporter gene may contribute for 

dysfunctioning of dopamine transmission that might lead to development of drug 

addiction, further investigation was carried to check whether any association exists 

in heroin dependent study subjects and normal controls or not. For this purpose two 

polymorphic markers were selected which include rs3836790, a VNTR 

polymorphism and a single nucleotide polymorphism rs27072 in exon 15. 

Although results did not show any significant genetic association of individual 

polymorphisms with heroin addiction in Pakistani population but still analysis 

extended to haplotypes-based associations by using two polymorphisms. 

Haplotypes 5C, 6T, and 6C were found in analysis. On the whole frequencies for 

three haplotypes were calculated. Moreover haplotypes frequencies along with p-

values in heroin addicts and normal controls were also calculated as; 5C (18% 

cases; 19 % controls; p=0.95), 6T (24% cases; 25% controls; p=0.65), and 6C (54% 

cases; 55% controls; p=0.41) and analysis did not indicate significant association 

for any of haplotype of DAT with heroin dependence in Pakistani population. 

Results for haplotypes and haplotypes frequencies in heroin addicts and controls 

are provided in Table 4.21. 

Our findings are in agreement with the study already conducted in Hans 

Chinese which used extensive number of polymorphisms in DAT to examine the 

genetic association among DAT gene and heroin dependency. Their findings 
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regarding heroin dependence were lacking any significant association both for 

individual SNPs and haplotypes in Hans Chinese population (Yeh et al., 2010). 

Even though neither individual polymorphisms association analysis nor 

haplotypes analysis indicated any significant findings for heroin addiction and DAT 

but still findings with negative association are not enough to negate the role of 

DAT gene in development of heroin addiction in present study population because 

analysis is based on just two polymorphisms of DAT that is not enough for 

concluding the negative associations of this gene. Further studies by using 

extensive polymorphisms are required for final conclusion about the role of DAT 

gene regarding association with opioids addiction in Pakistani population. 

4.6.5 Haplotypes Association Analysis for PDYN Gene 

 PDYN is among opioids addiction susceptibility gene (Clarke et al., 2009). 

In this study haplotypes analysis used two polymorphisms of PDYN. One is 68bp 

variable nucleotide tandem repeat polymorphisms (rs35286281) in promoter region 

and other is rs910080 in 3’UTR. Results revealed HA, HG, and LA haplotypes. 

The frequencies were calculated for all the three haplotypes. Moreover frequencies 

were also determined separately in cases and controls for all haplotypes. 

Distribution rate of haplotypes among cases and controls was calculated as; HA 

(43% cases; 41% controls; p=0.3), HG (10% cases; 11% controls; p=0.70) and LA 

(17% cases; 15% controls; p=0.20) and comparison of frequencies did not detect 

any difference among cases and controls and also no significant p- values for any 

haplotype was observed. This indicated that in current samples no haplotype was 

observed as the major risk/ protective haplotype. Results are listed in Table 4.22.  
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Table 4.18: Haplotypes and haplotypes frequencies of OPRM1 gene markers 

Haplotypes  Cases (N) Controls (N) Total Frequency Frequency (Cases) Frequency (Controls) p-value 

AAD      102 62 0.08 0.10 0.07 0.01 

GGD      267 242 0.27 0.26 0.28 0.41 

GAD      630 548 0.63 0.61 0.63 0.28 

GAI      16 07 0.01 0.015 0.008 0.08 

 

1
st
 Marker: rs563649 

2
nd 

Marker: rs1799971 

3
rd

Marker:rs9282818
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Table 4.19: Haplotypes and haplotypes frequencies of OPRKI gene markers 

Haplotypes  Cases (N) Controls (N) Total Frequency Frequency (Cases) Frequency (Controls) p-value 

AC    33 30 0.03 0.03      0.04 0.68 

AT      03 21 0.01 0.003     0.027 <0.0001 

GC     109 69 0.10 0.11      0.09 0.11 

 

1st Marker:  rs16918875 

2
nd

 Marker: rs702764 
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Table 4.20: Haplotypes and haplotypes frequencies of DRD2 gene markers 

Haplotypes  Cases (N) Controls (N) Total Frequency Frequency(Cases) Frequency (Controls) P-value 

AAG 09  15 0.01 0.009 0.01 0.10 

AAT 162  168 0.18 0.17 0.20 0.07 

ACG 614  565 0.66 0.65 0.68 0.10 

ACT 23 14 0.02 0.02 0.01 0.25 

GCG 102  42 0.08 0.11 0.05 <0.0001 

GAT 27 12 0.02 0.03 0.014 0.01 

 

1
st
 Marker: rs12364283 

2
nd

 Marker: rs1076560 

3
rd

 Marker: rs2283265 
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Table 4.21: Haplotypes and haplotypes frequencies of DAT gene markers 

Haplotypes Cases (N) Controls (N) Total Frequency Frequency (Cases) Frequency (Controls) P-value 

5C 172 152 0.18 0.18 0.19 0.95 

6T 233 197 0.24 0.24 0.25 0.65 

6C 512 430 0.54 0.54 0.55 0.41 

 

1
st
 Marker: rs3836790 (Intron8, 5/6 repeat) 

2
nd

 Marker: rs27072 
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 Table 4.22: Haplotypes and haplotypes frequencies of PYDN gene markers 

Haplotypes Cases (N) Controls (N) Total Frequency Frequency (Cases) Frequency (Controls) P-value 

HA       413 339 0.42 0.43 0.41 0.3 

HG       100 90 0.11 0.10 0.11 0.7 

LA       162 121 0.16 0.17 0.15 0.2 

 

1
st
 Marker: rs35286281  

2
nd 

Marker: rs910080 
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4.7 GENE-GENE INTERACTIONS ANALYSIS 

In view of studies which provided evidence that gene-gene interactions 

might result in addiction vulnerability, SNP-SNP interaction analysis was 

performed and results of interaction in the form of p values were compared with 

individual regression p-values of markers given in Table 4.27. 

4.7.1 SNP-SNP Interaction Analysis of DRD2 and DAT Gene 

In present analysis to observe the effect of interaction between DRD2 and 

DAT variants; rs12364283 and rs1076560 of DRD2 gene and rs3836790 (intron8, 

5/6 repeat) of DAT gene were selected and SNP-SNP interaction analysis was 

performed. Detailed analyzed results are mentioned in Table 4.23. In results of 

interaction analysis, p-values of SNP-SNP interaction for DRD2 and DAT variants 

were compared with individual regression p-values of the markers of two genes and 

observed no significant improvement in p-values. 

4.7.2 SNP-SNP Interaction Analysis of OPRK1 and OPRM1 Gene 

It was evident from the study performed by Kumar and colleagues (2012) in 

Indian population that interaction among OPRK1 and OPRM1 variants might 

influence and add to genetic vulnerability for heroin dependence. For analysis of 

gene-gene interaction, a functional variant rs1799971 (A118G) of OPRM1 gene 

and two polymorphisms namely rs16918875 and rs702764 of OPRK1 gene were 

selected. Analyzed results listed in Table 4.24 indicating the results in the form of 

frequencies, ORs and p-values. Comparison of SNP-SNP interaction p–values with 

the individual regression p-values of these variants showed no significant change in 

p-values in response to interactions of variants for the two genes. 
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4.7.3 SNP-SNP Interaction Analysis of OPRK1 and PDYN Gene 

Studies supported the fact that dynorphins works in conjunction with kappa 

opioids receptor and in addition to this dynorphin/KOR system implicated in 

aversive effects of drugs that was also indicated in animal studies and the system is 

also involved in human dysphoria (Zhang et al., 2005; Shippenberg et al., 2007). 

 In vision of role of dynorphin/KOR system in substance abuse, interactions 

between variants of two genes were analyzed. For SNP-SNP interaction two 

polymorphisms of OPRK1 (rs16918875 and rs702764) and two polymorphisms of 

PDYN (rs35286281 and rs910080) were used. Findings of interaction analysis are 

given in Table 4.25 and 4.26. Results of interaction analysis in the form of ORs and 

p-values for rs16918875 and rs702764 with rs35286281, 68-bp VNTR in promoter 

of PDYN did not indicate any significant improvement in p-values over the 

individual regression p-values of the variants. But significant interactions were 

observed between rs16918875 of OPRK1 and rs910080 of PDYN with p-

value=0.01 and OR=1.483. In addition to this comparison of interaction p-values 

for the two variants with individual regression p-values showed more significant 

association with disease in case of interaction. In conclusion combined effect of 

interaction of rs16918875 from OPRK1 and rs910080 from PDYN in GA 

combination might be involved in increasing the heroin addiction susceptibility in 

studied samples.  

While interaction analysis of rs702764 (OPRK1) and rs910080 (PDYN) 

found the association in TG combination of alleles from the two variants but 

indicate a minor protective effect with p-value=0.01 and OR=0.62. Results 
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Table 4.23: Analysis for SNP-SNP interaction of DRD2 and DAT gene markers 

Markers  Haplotypes Frequency Cases Controls Odds Ratio P-value 

DRD2_12364283  

and 

DAT _rs3836790  

G5 0.15 159 126 0.52 0.68 

G6 0.60 625 512 0.46 0.83 

T6 0.19 187 165 0.42 0.48 

T5 0.04 42 40 0.30 0.45 

DRD2_rs1076560 

and 

DAT_rs3836790  

A5 0.04 38 42 0.22 0.18 

A6 0.18 167 165 0.35 0.16 

C6 0.61 623 520 0.46 0.46 

C5 0.15 160 128 0.53 0.51 
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Table 4.24: Analysis for SNP-SNP interaction of OPRK1 and OPRM1 gene markers 

Markers  Haplotypes Frequency Cases Controls Odds Ratio P-value 

OPRK1_rs16918875  

and 

OPRM1_rs1799971  

AA 0.03 28 34 0.58 0.15 

AG 0.01 09 13 0.26 0.10 

GA 0.69 701 581 1.10 0.27 

OPRK1_rs702764  

and 

OPRM1_rs1799971  

CA 0.11 118 77 1.62 0.18 

CG 0.03 23 21 0.55 0.53 

TA 0.61 592 466 1.03 0.90 
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Table 4.25: Analysis for SNP-SNP interaction of OPRK1 and PDYN gene markers 

Markers Haplotypes Frequency Cases Controls Odds Ratio P-value 

OPRK1_rs16918875 

and 

PDYN_rs35286281 

AH 0.02 20 25 0.47 0.16 

AL 0.02 19 24 0.50 0.16 

GH 0.50 497 418 1.06 0.49 

OPRK1_702764 

and 

PDYN_rs35286281 

CH 0.07 66 47 1.25 0.56 

CL 0.07 74 51 1.52 0.38 

TH 0.46 428 339 1.12 0.96 
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Table 4.26: Analysis for SNP-SNP interaction of OPRK1 and PDYN gene markers 

Markers  Haplotypes Frequency Cases Controls Odds Ratio P-value 

OPRK1_rs16918875 

and 

PDYN_rs910080 

 

AA 0.02 16 22 0.40 0.12 

AG 0.02 19 25 0.70 0.15 

GA 0.55 553 450 1.48 0.01 

OPRK1_702764  

and 

PDYN_rs910080  

CA 0.08 80 51 2.32 0.08 

CG 0.06 55 49 1.09 0.74 

TA 0.48 460 356 1.51 0.11 

TG 0.37 315 306 0.62 0.01 
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Table 4.27: Individual SNP regression p-values for comparison with SNP-SNP 

interaction p-values 

 

Variables p-value 

DRD2_rs12364283 <0.0001 

DRD2_rs1076560 0.16 

DRD2_rs2283265 0.45 

DAT Int8_ rs3836790 0.83 

DAT_rs27072 0.70 

OPRK1_rs16918875 0.05 

OPRK1_rs702764 0.30 

OPRM1_rs563649 0.009 

OPRM1_rs1799971 0.62 

OPRM1_ In-del rs9282818 0.02 

PDYN_ promoter rs35286281 0.51 

3'UTR_PDYN_rs910080 0.04 
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Results demonstrated that interaction among gene variants may influence disease 

status. 

4.8 SEQUENCING OF OPRM1 GENE 

Amplification and sequencing of OPRM1 was done which is the central 

target site for opioids action and in addition it accounts for many reported 

variations in the world’s populations which are suggested to have role in drug 

addiction, specifically in opioids addiction. For sequencing samples were randomly 

picked to reconfirm the results of genotypes and to investigate the existence of 

already reported SNPs/variations or novel mutation/variation. Results of Sanger 

sequences verified genotypes assays which were employed for genotyping OPRM1 

variants. Chromatograms for sample#05 and 105 of case group are given in fig.4.3, 

4.4, indicate the existence of already reported SNPs rs1799971 (A118G) and 

rs9282818 in our samples and also verified genotypes results for rs1799971 

(A118G) and rs9282818 in these samples. No variation other than these was 

observed on aligning the patient’s sequences with the reference sequence obtained 

from ensemble genome browser. 
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Figure 4.3: Sequence chromatogram of sample #05 showing homozygous (AA) 

genotype for rs1799971 (A118G) polymorphism in OPRM1 gene. 
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Figure 4.4: Sequence chromatogram of sample#105 showing rs9282818, a rare 

 Indel polymorphism in OPRM1 gene.
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SUMMARY 

Addiction to opioids including other illicit drugs is a chronic, relapsing 

multifactorial disorder of brain and, if left untreated, major medical, social, and 

economic problems arise. Drug addiction is among some of the major health issues 

faced by the World. Studies have recognized that 40-60% risk of developing drug 

addiction is determined by the genetics of an individual. Inter-individual and ethnic 

variability exists towards susceptibility to drug addiction. OPRM1, OPRK1, PDYN, 

DRD2 and DAT are among candidate genes specifically involved in opioidergic and 

dopaminergic pathways. Selected SNPs, InDels, and VNTRs from OPRM1, 

OPRK1, PDYN, DRD2 and DAT genes were genotyped in Pakistani populations. 

Associations of individual markers as well as the risk and protective haplotypes 

with addiction were also explored. Due to evidences from the studies that epistatic 

effects of addiction susceptibility genes may contribute for risk of developing 

addictive behavior, OPRK1 and OPRM1; DRD2 and DAT; OPRK1 and PDYN 

gene-gene interaction analysis was also performed.  

In single SNP/markers association analyses, OPRM1 rs563649, rs9282818 

and DRD2 rs12364283 markers had significant association with opioids addiction 

while PDYN gene variant rs910080 showed protective effect. Significant 

associations were found among drug addiction age, drug dose and stress. The GCG 

and GAT haplotypes of DRD2 and AAD from OPRM1 were found as risk 

haplotypes while AT from OPRK1 as protective haplotype. 

Interaction of OPRK1 rs16918875 with PDYN rs910080 indicates increased 

addiction susceptibility whereas rs702764 and rs910080 SNPs from OPRK1 and 
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PDYN may lower the risk of drug dependence in Pakistani populations. The 

interaction of rs563649 and rs9282818 markers of OPRM1 and rs12364283 of 

DRD2 seem to increase vulnerability for opioids addiction. No novel mutation/SNP 

was found from the sequence analyses of OPRM1 gene.  

In conclusion local Pakistani opioids addicts are genetically susceptible 

towards addiction based on candidate gene markers already reported in other world 

populations. The selected markers showed significant associations with age, stress 

and drug dose. Some population specific risk and protective haplotypes were also 

identified along with candidate genetic interactions.  
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APPENDICES 

 

APPENDIX I 

RBC LYSIS BUFFER 

Ammonium Chloride      155 mM 

Sodium Hydrogen Carbonate     10 mM 

EDTA        0.1mM 

dissolved in 1000ml of dist. H2O with a pH at 7.4 

NUCLEAR LYSIS BUFFER 

Tris-HCl       10mM 

NaCl        0.4 M 

EDTA        2mM 

Dissolved in 1000ml of dist. H2O with a pH 8.2 

20% SDS 

Sodium Dodesyl Sulfate     20gms  

Dissolved in 100 ml of dist. H2O 

3M SODIUM ACETATE 

Sodium acetate      246g  

Dissolved and made upto 1000 ml with dist. H2O. 

Chloroform:Isoamylalcohol (24:1)  

20 ml of Isoamyl alcohol is added in 480 ml of chloroform to make 500ml  
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solution in fumehood. 

TE buffer 

Tris-HCl       10mM 

EDTA        1mM 

Dissolved and made up-to 1000 ml with dist. H2O. 

Tris Buffer 

Tris        10mM 

Prepared from 1M Tris stock. 121g Tris added in 800 ml of dist. H2O, after 

getting a clear solution the pH was balanced at 8.2 using HCl for preparing 1 M 

stock solution of Tris HCl. 

10X TBE buffer 

Tris         108g  

EDTA        9.31g 

Boric acid       58g 

Dissolved in 1000 ml of dist. H2O to prepare stock solution of 10x strength, 

pH=8.3. Working solutions are prepared using dilution factor  

10x TAE buffer 

Tris base       48.4g 

Glacial acetic acid      11.42mlEDTA (1M 

EDTA)       10ml  

Dissolved in 1000 ml of dist. H2O, pH=8 
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BromoPhenol Blue 

Sucrose 4 gms was dissolved in 10 ml of dist. H20, then Bromophenol Blue 

0.025 gms was added and a final volume of 15 ml was reached. 
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PIR MEHAR ALI SHAH ARID AGRICULTURE 

UNIVERSITY RAWALPINDI 

Department of Biochemistry 
 

 

CONSENT FORM 

 
Title of Research Project: GENETIC SCREENING OF DRUG ADDICTION 

SUSCEPTIBILITY MARKERS 

Name of study participant:_____________________________________  

Contact No:  _________________________________________ 

Address:  _________________________________________ 

Note: Kindly read it carefully 

Thanks for participating in this research study conducted by Department of 

Biochemistry, Pir Mehr Ali Shah Arid Agriculture University Rawalpindi. Your 

participation is an important source of information. This study and your 

participation is approved by Inter Departmental Review Board of PMAS-Arid 

Agriculture University Rawalpindi 

Investigator: Shagufta Jabeen, Ph. D scholar Department of Biochemistry, PMAS 

AAUR 

Contact No: 0332-5453417 

Objectives: Study is based on identification of gene variants associated with drug 

addiction in local population  

Procedure/Expected Duration: Blood from non-addicts and addict males will be 

used for DNA extraction and genetic typing. The expected duration of this study is 

four years. 
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Confidentiality: 

1 Your information will be kept confidential and individual data results will 

not be provided/ released to anyone. 

2 Computerized copy of data will consist of standard codes for each study 

participant rather than exact personal information 

Possible Benefits 

This study offers no direct benefits to study participants however, if you 

agree to participate in this study then; 

1 Your DNA will be used to look at genes associated with drug addiction in 

our population 

2 Information gathered may help doctors in future for effective management 

and treatment of drug addiction  

Possible Risks/Discomfort associated with study 

 During this research your blood will be taken using sealed sterilized syringe 

which may cause a little pain. Thus, no obvious risks/discomforts associated.  

Participation: Your participation will be solely on voluntary basis and participants 

have the right to quit or withdraw from study. 

UNDERTAKING: 

I -------------------------------------------- verify that I have gone through all the 

information given above. I independently and voluntarily participate in this 

research study. I will cooperate with the researcher in all possible ways. 

Signature of the participant                                                Impression of right thumb 

Date: 
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PIR MEHAR ALI SHAH ARID AGRICULTURE UNIVERSITY 

RAWALPINDI 

Department of Biochemistry 

 

Questionnaire 

 

Genetic Screening of Drug Addiction Susceptibility Markers  

 

Day of Sampling: ________________Time of Sampling: __________________ 

 

1. Study Subject Code: HAX  

 a. (HA = Heroin Addict, X= Serial Number of subjects being sampled) 

2. Name of hospital / Rehabilitation Center------------------------------------------ 

3. Age (In years) -------------------------- 

4. Education-------------------------------- 

5. Married / Single------------------------ 

6. If married, number of siblings------------------ 

7. Professional Skills      Yes No 

8. If yes, specify skill-------------------------------------------------------------------- 

9. Current employee status     Yes No 

10. If yes specify--------------------------------------------------------------------------- 

11. Average monthly income------------------ 

a) Nil (b) 5000 (c) 15000 (d) any other------------------------ 

Childhood 

12. Your childhood problems------------------------------------------------------------  

(a) Bed wetting (b) Nail biting (c) Thumb sucking (d) Others (specify)------- 

13. Reaction of others to these problems? -------------------------------------------- 

 

201 



202 

 

 

 

14. Childhood was 

(a)Pleasant (b) Unpleasant (c) Satisfactory (d) others (specify) ---------------- 

Medical History 

  Tests     Tested / not tested 

a) Hepatitis B 

b) Hepatitis C 

c) Tuberculosis 

d) Sexually transmitted diseases 

e) HIV 

Mental Status Examination 

f)  Behaviors----------------------------------- 

g) Mood---------------------------------------- 

h) Perception------------------------------------- 

i) Cognition / thinking--------------------------  

15. How many times you take coffee/tea------------per day 

16. Ethnicity/Cast 

j) Punjabi -------------------------- 

k) Sindi ----------------------------- 

l) Baloachi -------------------------- 

m) Pathan ---------------------------- 

n) Kashmiri -------------------------- 

o)   Any other--------------------------- 

Family History 

17.  Problems of family----------------------- 
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a) Social (b) Economic (c) Interpersonal (d) Other (specify) --------- 

18.  Source of current referral 

(a) Self (b) Family(c) Friends (d) NGO/Social Services  

(e) Others (specify) ----- 

Drug History 

19.  When you started drug abuse? 

20. How many family members/ relative use tobacco? 

21. How many family members/relative use drugs? 

22. How many family members/relative use heroin? 

23. Any psychological problem(s) encountered before drug use? Yes   No 

b. Details------------------------------------------------------------ 

24. Do you take any prescribed medicine?      Yes   No 

c. Details------------------------------------------------------------ 

25.  Do you have any other major disease?     Yes   No 

26. If yes, details------------------------------------------------------------- 

27. Drug related crime        Yes   No 

28. If yes how many times? ----------------------------------------------- 

29. Has ever been jailed for drug related charges/offence?   Yes   No 

30. Age when first time used drug? ---------------------------------------- 

31. Are you addict of 

d. Tobacco        Yes   No 

Number of cigarettes-----------per day 

e. Heroin        Yes   No 

f. Cocaine        Yes   No 
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g. Opium        Yes   No 

h. Marijuana        Yes   No 

i. Alcohol           Yes   No 

j. Any other------------------------------------------------------------ 

32.  Are you using more than one drug at a time?    Yes   No 

33.  What is the route of administration of drug? 

a) Oral 

b) Injections 

c) Sniffing 

34. How many times per day drug is used? 

d) Once 

e) Twice 

f) Thrice 

g) 0r more 

35. Quantity of drug used/day? --------- 

36. What was the reason for drug abuse? 

h)  Through friends  

i) Anxiety 

j) Depression 

k)  Urge  

l) Fun/pleasure 

       m)    Escape from hurting feelings 

                    n)    Sex 

                    o)    Availability of drugs 
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        i)   Any other-------------------- 

Treatment Information 

37. Disease: p) Drug dependence (b) Drug induced psychosis 

38. Ever been treated for drug addiction?                    Yes      No 

39. If yes, how many times treated? 

40. For how many times relapsed? ---------------------------------------------- 

41. Number of treatments got? --------------------------------------------------- 

42. Detail of hospitals/ Rehabilitation centers from where treatments received. 

Name of centers/hospitals   Duration of treatment     Drug stopping duration 


