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Abstract: Drug abuse and addiction is a social maladywhich is responsible for productivity losses, divorce,
armed robbery and other social vices. Illicit drugs and alcohol contribute to the death of more than 100,000
Americans, while tobacco is linked to an estimated 440,000 deaths per year. The manifestations and treatment
response in female drug addicts differ from those of their male counterparts. In Nigeria, the prevalence of drug
addiction among male and female undergraduates was 57.2% and 42.8% respectively; most commonly abused
drugs/substances being alcohol, tobacco, cannabis, kolanut, caffeine and sedatives. This review was aimed at
highlighting the causes of gender differences in treatment response to drug addiction.Previous works and
research findings on this subject assessed through Google Search, Pubmed, Hinari websites as well as standard
textbooks on Pharmacology provided the needed information in the process of this review.Estrogens increase
the response to addictive drugs by increasing the level of dopaminergic receptors in the reward regions of the
brain. Progesterone, being anti-estrogen, attenuates the addictive effects of drugs. Treatment response is better
in the luteal phase of the menstrual cycle when circulating plasma progesterone level is highest.
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. Introduction

Drug addiction is a state of periodic and chronic intoxication detrimental to the individual and the
society produced by the repeated consumption of a drug®. It is also defined as a medical condition characterized
by overwhelming desire to continue taking a drug to which one has become habituated despite negative
consequences. It is a chronic neurological disorder with genetic, psychological and environmental factors
influencing its development and manifestations. Drug addiction is used interchangeably with drug dependence.

In addition to road traffic accidents, social vices such as armed robbery, kidnapping, prostitution, and
divorce are linked to drug abuse and addiction.It contributes to the death of more than 100,000 Americans,
while tobacco is linked to an estimated 440,000 deaths per year’. Most commonly abused drugs/substances
include alcohol, cigarette, cannabis, kolanuts, caffeine and sedatives®*.

Prevalence of drug abuse and addiction has been on the increase in Nigeria®.Ene and Stanleyfound the
prevalence among male and female undergraduates to be 57.2% and 42.8% respectively®.

Reasons for drug abuse include relief from stress, promotion of mental alertness, promotion of sexual
performance, relief from chronic painful conditions and as a result of negative peer influence’*.

The female gender is particularly affected by drug addiction because of the modulating influence of the
female gonadal hormones. For example, women progress faster from initially trying cocaine to becoming
dependent upon the drug and also display a greater incidence of relapse®. While the prevalence of drug addiction
is higsper among men, the phases of the menstrual cycle profoundly affect the woman’s response to addicted
drugs”.

The main objective of this work is to review the effect of the female gender on treatment response in
drug addiction. Specific objectives include:

(@) To review the effect of estrogen/progesterone on the pathogenesis of drug addiction.
(b) To review the effect of these hormones on treatment response in the drug addicted female.

Il.  Risk factors for drug addiction

In addition to gender, several other factors influence the manifestations and response to treatment in
drug addiction. Such factors include age, genetic makeup of the patient, route of administration and abuse
potential of abused drug, co-morbid mental illness, and presence of environmental toxins. It has been found that
the younger the age at which a person begins to use addictive drugs the more likely his or her chances of
becoming addicted to that drug’®. It is also reported that40-60% of vulnerability to addiction could be
attributable to genetic factors™. It has also been established that whereas family and social factors are influential
in determining whether an individual begins to use psychotropic drugs, the progression from the use to abuse of
drug was due largely to genetic factors™.

The route of administration of drugs of abuse affects the rapidity of progression from abuse to
addiction. Smoked or injected drugs are more likely to produce addiction compared with orally administered
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drugs because they rapidly reach the central nervous system and produce pleasurable effects which drop sharply
because of sudden fall in the plasma level of the drugs. This elicits compensatory demand for more drugs
thereby leading to addiction®®. The abuse potential of drugs differ: drugs with high lipid solubility and drugs
with short half-lives are more likely to produce addiction™***.

Co-morbid mental illnesses increase vulnerability of an individual to drug addiction because the limbic
system which controls reward and emotion is also involved in some mental disorders. For instance, in
schizophrenia and depression there is abnormality in this area of the brain. Stress, known risk factor for mental
illness, also predisposes to drug addiction as it has been demonstrated that dopaminergic pathways are
implicated in stress-induced drug addiction™.

Exposure to environmental toxins in early life produceschanges in the dopaminergic system that could
lead to neurodegenerative disorders. Environmental pollutants such as bisphenol A and polychlorinated biphenyl
behave like estrogens and stimulate dopaminergic neurons that enhance drug abuse and addiction®®.

I11.  Mechanisms of drug addiction

Addictive drugs have three basic mechanisms through which they activate the mesolimbic system.
First, they canactivatetheinhibitory G protein-coupled receptors thereby causing the hyperpolarization of
inhibitory GABA interneurons in the ventral tegmental area (VTA) of the brain. This enhancestherelease
ofdopaminefrom the dopaminergic neurons. Drugs that act through this mechanism include the opioids,
cannabinoids, and hallucinogens. Secondly, they can bind to inotropic receptors and ion channels to activate
dopamine release from the dopaminergic neurons. Such drugs include alcohol, nicotine, and benzodiazepines.
Finally, they can block biogenic amine transporters thereby blocking the reuptake, or stimulating the non-
vesicular release of dopamine, serotonin, or norepinephrine in target structures. They include cocaine and
amphetamine. Though the re-uptake of other monoamines (serotonin, norepinephrine)is also blocked as shown
in Table 1, studies have shown that the reuptake of dopamine is the major neurotransmitter mechanism that
leads to addiction®’.

All drugs of abuse activate the dopaminergic receptors in the reward pathway. This rewarding property
of addictive drugs is responsible for subsequent progression to addiction. Studies have identified the mesolimbic
system as the brain region where the reward sensation originates and most drugs of abuse increase extracellular
levels of dopamine in this region®. Any drug or activity that produces a sharp increase in extracellular dopamine
concentration in the brain will most likely produce a pleasurable and addictive effect. Consequently, dopamine
is also released in the mesolimbic region of the brain during pleasurable activities like sex, eating, drinking,
listening to music, and other recreational activities. Furthermore, enhanced expression of dopamine D; mRNA
and receptors have been demonstrated in the rodent brain after acute, sub-acute, and chronic exposure to
cocaine, nicotine, morphine, and alcohol*. More recently, Lucena et al.demonstrated increased number of
dopamine D; receptors in the brain of cases of sudden death from cocaine over dosage®.

Table 1: Some neurotransmitters involved in drug addiction, their mechanisms of action
andphysiological effects.

Drug Neurotransmitter Mechanism Behavioral response

Alcohol GABA Stimulation of GABA receptors Reduction of anxiety, disinhibition
Cannabis  EndocannabinoidsStimulation ofcannabinoid receptorsDisinhibition

Amphetamine  DopamineBlockade of dopamine reuptake Arousal, appetite stimulation

Cocaine Dopamine Blockade of dopamine reuptake Arousal, appetite stimulation
Hallucinogens  Norepinephrine Blockade of norepinephrine reuptake Regulation of cognition
Opioids B-endorphins Activation of p-opioid receptors Pain relief, induction of sleep
Nicotine Acetylcholine Stimulation of nicotinic receptors Arousal, cognition acetylcholine
Antidepressants  Serotonin Blockade of serotonin reuptake Regulation of emotions

Functional brain changes in drug addiction

Prolonged drug use produces functional changes in the structure of the brain. Henry et al. measured the
functional activity of the prefrontal cortex during cocaine administration using positron emission tomography
(PET) imaging technique and found that increased cocaine exposure resulted in recruitment of cortical regions
beyond the prefrontal cortex. This suggests that initial subjective effects in cocaine addiction are mediated by
activity in the prefrontal cortex, but that with increased exposure to cocaine higher order processes such as
attention, emotion, and cognition become involved®. Also, Volkow et al. found that metabolic activity in the
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orbifrontal cortex correlated significantly with the intensity of craving for cocaine?. It is equally significant to
note that pathological changes were observed in the orbitofrontal cortex in patients with obsessive compulsive
disorders which bear functional resemblance to drug addiction.

Addictive drugs affect brain function by decreasing the expression of genes for certain structural and
functional proteins in the brain. For instance, administration of amphetamine to rats for nine days resulted in
decreased expression of mMRNA for activity-regulated cytoskeletal protein (ARC), nerve growth factor inducible
protein A (NGF I-A), and nerve growth factor inducible protein B (NGFI-B)®. Furthermore, EEG changes
suggestive of reduced cerebral blood flow were observed in the brains of chronic marijuana abusers®. This
reduced cerebral perfusion could also explain the widespread loss of grey matter, the intensity of which was
directly related to duration of cocaine abuse®. This is not surprising since cocaine causes cerebral vasospasm
with attendant cerebralvasculitis and infarction®®. This vasospasm is mediated by extracellular monoamines,
particularly dopamine, as dopamine-rich brain regions appear to be relatively specific targets for such cerebral
ischemia®’. This also applies to other psychotropic drugs since most of them mediate addiction via dopaminergic
pathways.

IV.  Treatment of drug addiction

Management of drug addiction involves pharmacological and non-pharmacological methods. Relapses
are common as in many other chronic illnesses and these should not be taken as failure of treatment. In general,
the following principles apply for effective management of drug addiction.
e Treatment strategy is individualized. The individual’s social, economic and environmental peculiarities

must be taken into consideration.

e Treatment must be adequate both in content and duration to minimize chances of relapse. A minimum
period of three months duration is often required.
Counseling, group therapies and peer support programmes are often helpful.
Pharmacological treatment combined with counseling and psychotherapy is often beneficial.
Continuous monitoring should be adopted to ensure compliance to drugs and psychotherapy.
Co-morbid psychiatric conditions must be identified and managed together.
Gender, age, and cultural peculiarities must be taken into consideration.

Pharmacological treatment: The following steps are usually followed in drug treatment of addiction.
e Withdrawal of the addictive drug and treatment of withdrawal symptoms.

e Detoxification with specific agents

e Maintenance therapy.

In drug addiction, there is compensatory decrease in dopamine receptors necessitating dose escalation
of drugs to produce desired effect (tolerance). Upon drug withdrawal in the drug addict, there is compensatory
increase in endogenous monoamines including dopamine, norepinephrine, and serotonin. The resulting
increased sympathetic activity produces withdrawal symptoms. Alpha2-adrenergic agonist (clonidine) and b-
blockers (propranolol) reduce the release and block the effect of these monoamines respectively. Together with
diazepam (anxiolytic) they are useful in treatment of withdrawal symptoms of most addictive
drugs.Detoxification and maintenance therapy involve the use of substitution, blockers, and aversion to reduce
or completely stop intake of drugs. In addition to these conventional methods of treatment, phytotherapy and
vaccines are undergoing clinical trials.

Ibogaine, a psychoactive alkaloid obtained from the West African shrub Tabernantheiboga, has been
shown to decrease extracellular levels of dopamine and increase extracellular level of serotonin. For instance,
Glick and Maisonneuvedemonstrated that at a dose of 40mg/kg it decreased self-administration of ethanol and
nicotine in rats®®, However, it produces irreversible cerebellar damage and inhibits cholinesterase thereby
leading to cholinergic toxicity.An Iboga alkaloid congener 18-methoxcoronaridine (18-mc) does not have these
serious adverse effects of ibogaine. Other medicinal plants with proven efficacy for the treatment of addiction in
animal studies include Hypericumperfortum, Valerianaofficialis, Ginkgo biloba,andPanax ginseng®. Most of
these herbal products are undergoing clinical trials.

Anti-drug vaccines stimulate the immune system to produce antibodies that attach to drug molecules,
forming compounds that are too heavy to cross the blood-brain barrier. Thus, the higher the level of antibodies
produced, the more effective the vaccine in preventing drug-related euphoria. Such vaccines include anti-
nicotine, anti-cocaine, anti-metamphetamine, and ant-opium vaccines>*32%,

Even gene therapy appears promising. Researchers found that viral transfection of genetically
engineered cocaine hydrolase in rats caused the plasma level of this enzyme to increase 50,000 fold resulting in
rapid destruction of any injected cocaine®35%,
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V.  Peculiarity of the female gender

The role of gender in the initiation of drug use and subsequent addition has been demonstrated. For
instance, disorders associated with marijuana use in USA were significantly higher among men compared to
women across all age groups®. Differences in the distribution of dopaminergic receptors in the brain,
fluctuations in steroid hormones levels during different phases of the menstrual cycle, and differences in the
intestinal absorption and hepatic metabolism of drugs are important contributory factors®. There is an inverse
relationship between the availability of dopamine D3 receptors and vulnerability to drug addiction®. To buttress
this fact, Kaasinen et al., using positron emission tomography (PET), demonstrated higher binding potential for
dopamine receptors in the reward region of the brain in women compared to men®. The reward system,
composed of dopaminergic neurons in the mesencephalon, is affected by the female menstrual cycle and by
extension the female gonadal hormones estrogen and progesterone. Animal studies show that the dopaminergic
system is sensitive to estrogens and progesterones and that the dysfunction of these hormones can result in drug
addiction and other psychiatric disorders®’. Estradiol increase dopamine receptors in the female brain and
dopamine receptor density in the reward regions of the brain is inversely related to vulnerability to drug
addiction®. Thus Franklin et al. demonstrated that women in the follicular (high estrogen) phase of the menstrual
cycle had less craving for smoking compared with women in the luteal (low estrogen, high progesterone) phase
or men*!. Other studies corroborated this finding. For instance, it was observed that acute administration of
progesterone in mice reduced the intensity of diazepam withdrawal symptoms***,

The pharmacological effects of drugs differ in both males and females. These gender differences can be
explained by differences in body fat content, volume of distribution of administered drugs, plasma proteins,
regional blood flow, and most importantly, differences in hepatic drug metabolism. Excessive body fact reduces
tissue blood flow thereby affecting the volume of distribution*. In women, the rate of cerebral blood flow is
higher thereby increasing the distribution of drugs to the brain®.Differences in drug metabolism are important
determinants of gender differences on the effect of administered drugs. These reflect the expression of specific
hepatic P.so and other drug metabolizing enzymes®. The metabolism of several drugs oxidized by the hepatic
CYP3A4 enzyme is more efficient in women because of high plasma levels of this enzyme®. This is because
growth hormone (whose secretion is higher in women) has positive effect on expression of hepatic drug
metabolizing enzymes*’. Growth hormone also positively affects the expression of phase Il drug metabolizing
enzymes such as glutathione transferase and sulfotransferase*®. The enhanced metabolism of drugs of abuse
leads to compensatory increase in demand of such drugs thereby leading to addiction.

The female sex hormones (estrogen and progesterone) affect the wvulnerability and response to
treatment in drug addicts. Estradiol modulates DOPA hydroxylase activity, dopamine release, metabolism, and
dopamine receptor behavior in the nigrostriatal and mesolimbic pathways®. It causes increased release of
dopamine by direct down-regulation of the inhibitory autoreceptors at dopaminergic nerve terminals®.
Progesterone, an established estradiol antagonist, blocks the expected estradiol-induced enhancement of cocaine
self-administration in preclinical studies™. Progesterone and progestins thus attenuate the subjective and
physiological effects of cocaine in humans. Administration of drugs of abuse in humans and non-humans
significantly increased plasma progesterone levels. Expectedly, progesterone, an established estradiol
antagonist, blocks the expected estradiol-induced enhancement of cocaine self-administration in preclinical
studies®. Cigarette smoking also produces high plasma levels of dehydroepiandrostrone. To further support the
protective role of progesterone in drug addiction, Sofuoglu et al. demonstrated that progesterone at doses of
400mg/day for 4 days improved cognitive performance and reduced craving for cigarette smoking in female
tobacco addicts but not in males®. Progesterone produces these effects by increasing the metabolism of
estrogens and by inhibitory action on the dopaminergic and endocannabinoid systems®!. These observations
imply that progesterone is a natural homeostatic mechanism that decreases the reward response, thereby
reducing drug addiction®*>*,

Expectedly, the phases of the menstrual cycles affect the response to treatment in female addicts. In the
late follicular phase of the cycle when estrogen levels are high, the urge to abuse drugs are higher in female
addicts. For example, female rats selected higher doses of cocaine during this phase of the cycle®™. Also
ovariectomized female rats given estrogen replacement demanded self-administered cocaine more than those
without estrogen replacement®. On the other hand, Allen et al.demonstrated that nicotine patch had a more
pronounced effect in reducing the cravings for smoking during the luteal phase of the menstrual cycle when the
plasma progesterone level is relatively higher®’. Thus the phase of the menstrual cycle is important in deciding
when to initiate treatment for drug addiction in females.

Nearly 90% of drug abusing women are of child bearing age®. Treatment of drug addiction in pregnant
women had its own challenges because of adverse effect of drugs on the fetus. Methadone was the drug of
choice for treatment of opioid-dependent pregnant women. However, Methadone cause neonatal abstinence
syndrome characterized by CNS hyperirritability and ANS dysfunction. Buprenorphine does not have this
adverse effect and is now the preferred agent™.
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The menopause is a period of emotional challenges in the female. These challenges may precipitate
drug addiction or worsen an existing one. Menopause is accompanied by physiological reduction in the level of
circulating estrogens and progesterone and this affects the response to treatment for drug addiction. Allen et al.
found that tobacco addicted postmenopausal women on hormone replacement therapy (estrogen/progesterone)
who are treated with nicotine patch experienced less withdrawal symptoms than those who are not on hormone
replacement therapy®’. Since such replacement therapy usually consists of estrogen and progesterone
combination, it is assumed that the positive effect of such therapy on treatment response is attributable to
progesterone content of such combination since progesterone is known to attenuate the addictive effects of many
abusive drugs as already stated above. However, Oncken et al. demonstrated that hormone replacement therapy
did not moderate treatment outcome for nicotine addiction. The reason could be because the effects of the
estrogen and progesterone contained in the replacement therapy cancelled out®.

VI.  Conclusion
Initiation of drug abuse and addiction is gender sensitive. These gender differences are as a result of
female gonadal hormones, estrogens and progesterone. Phases of the menstrual cycle affect vulnerability to drug
addiction and response to treatment, with response to treatment being optimized in the late luteal phase when
circulating plasma progesterone levels are highest. Treatment programmes for female drug addicts should take
these differences into consideration.

References

[1]. World Health Organization, WHO, Expert Committees on Drug Dependence, Technical report Series 915, 2003, 22.

[2]. National Institute on Drug Abuse, NIDA, The science of drug abuse and addiction, 2000. Awvailable at http:
www.drugabuse.gov/publications/media-guide/science-drug-abuse-addiction Accessed June 3, 2013).

[3]. A.A. Abdulkarim, O. A. Mokuolo, and A. Adeyi, Drug use among adolescents in Ilorin, Nigeria. Trop Doct, 35 (4), 2005, 225-228.

[4]. O. Y. Oshodi, O. F. Aina, and A. T. Onajole, Substance use among secondary school students in urban setting in Nigeria:
Prevalence and associated factors. Afr J Psychiatry 13, 2010, 52-57.

[5]. F. O. Fatoye, and O. Morakinyo, Substance use amongst secondary school students in rural and urban communities in south western
Nigeria. East Afr Med J 79(6), 2002, 299-305.

[6]. A. U. Eneh, and P. C. Stanley, Pattern of substance use among secondary school students in Rivers State, Nigeria. Niger Med 13(1),
2004, 36-39.

[7]. J. Okoza, O. Aluede, S. Fajoju and I. Okhiku, Drug abuse among students of Ambrose Ali University, Ekpoma, Nigeria. Europ. J.
Soc. Sci., 10(1), 2009, 85-92.

[8]. K. A. Kerstetter, and T. E. Kippin, Impact of Sex and Gonadal Hormones on Cocaine and Food Reinforcement Paradigms. J Addict
Res TherSuppl 4(2), 2011, 2963.

[9]. T. R. Franklin, R. Ehrman,A. R. Childress, Menstrual Cycle Phase at Quit Date Predicts Smoking Status in an NRT Treatment
Trial: A Retrospective Analysis.J Womens Health 17(2),2008, 287-292.

[10]. M. T. Lynsker, A. C. Health, K. K. Bucholz, W. S. Slutske, P. A. F. Madden, E. C. Nelso, D. J. Stathan, and N. G. Martin,
Escalation of drug use in early-onset cannabis usersvs co-twin controls. JAMA 289, 2003, 427-433.

[11].  National Institute on Drug Abuse, NIDA, Research reports: Comorbidity: Addiction and other mental illnesses, 2010. Available at:
http://www.drugabuse.gov/publications/research-reports/comorbidity - addiction-other-mental-inlinessess/why-do-  (Accessed
March 7, 2012).

[12]. L. Bevilacqua, D.Goldman, Genes and Addictions. ClinPharmacolTher85(4), 2009, 359-361.

[13]. D. K. Hatsukami, and M. W. Fischman, Crack cocaine and cocaine hydrochloride Are the differences myth or reality. JAMA 276,
1996, 1580-1588.

[14]. M. Farre M, M. T. Teran, P. Roset, M, Mas, M. Torrens, and J. Calmi, Abuse liability of flunitrazepam among methadone-
maintained patients. Psychopharmacology (Berl) 140, 1998, 486-495.

[15]. P. Roset, M. Farre, and R. de la Torre, Modulation of rate of onset and intensity of drug effects reduces abuse potential in healthy
males. Drug Alcohol Depend 64, 2001, 285-295.

[16]. L. A Jones, J. P. Anthony, F. L. Henriquez, R. E. Lyons, M. B. Nickdel, and K. C. Carter, Toll-like receptor-4-mediated
macrophage activation is differentially regulated by progesterone via the glucocorticoid and progesterone receptors. Immunology
125(1), 2008; 59-69.

[17]. B. G. Katzung, Basic and Clinical Pharmacology (Singapore: McGraw Hill, 2007).

[18]. S. Gupta, and P. Kulhara, Cellular and molecular mechanisms of drug dependence: An overview and update. Indian J Psychiatry
49(2), 2007C, 85-90.

[19]. R. Spangler, N. L. Goddard, N. M. Aveva, B. G. Hoebel, and S. F. Lelbowitz, Elevated D3 dopamine receptor receptor mRNA in
dopaminergic and dopaminoceptive regions of the rat brain in responses to morphine. Brain Res Mol brain, Res 111(1-2), 2003, 74-
83.

[20].  J. Lucena, M. Blanco, C. Jurado, A. Rico, M. Salguero, R. Vazquez, G. Thiene, and C. Basso, Cocaine-related sudden death: a
prospective investigation in south-west Spain. European Heart Journal 31(3), 2010, 318-329.

[21]. P. K Henry, K. Murnane , J. R. Yotaw, and I. Howell, Acute brain metabolic effects of cocaine in rhesus monkey with a history of
cocaine use. Brain Imaging Behav 4(3-4), 2010, 212-219.

[22]. N. D. Volkow, R. Hitzmann, G. J. Wang, J. S. Fowler, A. P. Wolf, and S.I. Dewey, Long-term frontal brain metabolic changes in
cocaine abusers. Synapse 11, 1992, 184-190.

[23].  J.F.Bowyer, A. R. Pogge, R. R. Delongchamp, J. P. O’callaghan, K. M. Patel K. E. Vrana, W. M. Freeman, A threshold neurotoxic
amphetamine exposure inhibits parietal cortex expression of synaptic plasticity related genes. Neurosicence 44(1), 2007, 66-76.

[24]. R.L.Heming, W. Better, and J. L. Cadet, EEG of chronic marijuana users during abstinence: relationship to years of marijuana use,
cerebral blood flow and thyroid function.ClinNeurophysiol 119(2), 2007, 321-31.

DOI: 10.9790/0853-141078893 www.iosrjournals.org 92 | Page


http://www.drugabuse.gov/publications/research-reports/comorbidity

A review of the influence of the female gender on drug addiction

[25].

[26].
[27].
[28].
[29].

[30].

[31].

[32].
[33].
[34].

[35].

[36].
[37).
[38].
[39].
[40].
[41].
[42].
[43].
[44].
[45].
[46).
[47].
[48].

[49].
[50].

[51].
[52].

[53].
[54].
[55].
[56].
[57].
[58].
[59].

[60].

B. A. Johnson, M. A. Dawes, J. D. Roache, L. T. Wells, N. Ait-Daoud, J. B. Mauldin, Y. Wang, J. L. Lancaster, and P. T.
Fox,Acute intravenous low- and high-dose cocaine reduces quantitative global and regional cerebral blood flow in recently
abstinent subjects with cocaine use disorder. J Cereb Blood Flow Metab 25(7), 2005, 928-936.

J. E. Conway, and R. J. Tamargo, Cocaine use is an independent risk factor for cerebral vasospasm after aneurismal subarachnoid
hemorrhage. Stroke 32, 2001, 2338-2343.

B. A. Johnson, M. D. Devous, P. Ruiz, N. Ait Daoud, Treatment advances for cocaine-induced ischemic
stroke:focusondihydropyridine class calcium channel antagonists. AM J psychiatry 158 (8), 2001, 1191-98.

S. D. Glick, and I. M. Maisonneuve, Development of novel medications for drug addiction. The legacy of an African shrub Ann
NyAcadSci 909, 2000, 88-103.

S. Kianbakht, A review on medicinal plants used in animal models and clinical trials concerning drug addiction. J Med Plants 8(31),
2009, 1:13.

A. Nekhayeva, T. N. Nanovskaya, P. R. Pentel, D. E. Keyler, G. D. V. Hankins, and M. S. Ahmed, Effects of nicotine-specific
antibodies Nic 311 and Nic-1aG on the transfer of nicotine across the human placenta. BiochemPharmacol 70(11), 2005, 1664-
1672.

B. A. Martell, F. M. Orson, J. Poling, E. Mitchell, R. D. Rossen, T. Gardiner, and T.R. Kosten, Cocaine Vaccine for the treatment of
cocaine dependence in methadone maintained patients: A randomized double-blind placebo-controlled efficacy trial. Arch Gen
Psychiatry 66 (10), 2009, 1116-1123.

A. Y. Moreno, A. V. Mayorov, and K. D. Janda, Impact of Distinct Chemical structures for the development of a methamphetamine
vaccine. J Am ChemSoc 133(17), 2011, 6587-6595.

G. N. Stomet, L. F. Yendruscolot, S. Edwards, J. E. Schlosburg, K. K. Misra, G. Schultegs, A. V. Mayorov, J. S. Zakharit, G. F.
Koob, K. D. Janda, A Vaccine Strategy that induces protective security against heroin. J. Med. Chem 54(146), 2011, 5195-5204.

Y. GaO, E. Atanasora, N. Sui, J. D. Pancook, J. D. Watkins, and S. Brimijoin, Genes transfer of cocaine hydrolase suppresses
cardiovascular response to cocaine in rats MolPharmacol 67, 2005, 204-211.

S. Frahm, M. A. Shimak, L. Ferrarose, J. S. Santos — Torres, B. Antolin — Fonts, S. Awer, S. Filkin, S. Pons, J. F. Forteine, V.
Tserlin, U. Maskes, Z. Ibare, and 1. Tallon, Aversion to nicotine is regulated by the balanced activity of B4 and a5 nicotine
receptors subunits in the medial habenula. Neuron 70 (3), 2011, 522-535.

J. J. Anker, S. Boimajoin, Y. Gan, L. Ceng, N. E. Zlebmik, R. J. Parke, and M. E. Carroll, Cocaine hydrolase encoded in viral
vector blocks the reinstatement of cocaine seeking in rats for six months. Biological psychiatry 71(8), 2012, 700-705.

W. M. Compton, B. F. Grant, J. D. Colliver, M. D. Glantz, and F. S. Stinson, Prevalence of marijuana use disorders in the United
State: 1991-1992 and 2001-2002. JAMA 291, 2004, 2114-2121.

M. A. Nader, D. Morgan, H. D. Gage, S. H. Nader, T. L. and Calhoun, PET imaging of D2 receptors during chronic cocaine self-
administration in monkeys. Nat Neurosci 9, 2006, 1050-1056.

V. Kaasnien, K. Nagren, J. Hietala, L. Fared, and J. O. Rinne, Sex differences in extracellular dopamine D2-like receptor in the
human brain.AM J Psychiatry 158, 2001, 308-11.

Cognitive Neuroscience Centre, CNR, Influence of the menstrual cycle on the female brain. Science daily. 2007. Available at
http://www.sciencedaily. Com/releases/2007/02/070210185849.htm (Accesses March 6, 2012).

T. R. Franklin, K. Napier, R. Ehrman, P. Garifi, C. P. O’Brien, and A. R. Childress, Retrospective study: Influence of menstrual
cycle on cue-induced cigarette craving. Nicotine and Tob Res 6(1), 2004, 171-175.

M. E. Pesce, X. Acevedo, G. Pinardi, and H. F. Miranda, Progestrone modulation of diazepam withdrawal syndrome in mice.
PharmacolToxicol 79(6), 1996, 331-3.

C. H. Vinkers, and B.Olivier,Mechanisms Underlying Tolerance after Long-Term Benzodiazepine Use: A Future for Subtype-
Selective GABA(A) Receptor Modulators? AdvPharmacolSci4, 2012, 16864. doi: 10.1155/2012/416864. Epub 2012 Mar 29.

M. J. Henley, D. R. Abernethy, and D. J. Greenblatt, Effect of obesity on the pharmacokinetics of drugs in humans.
ClinPharmacokinet 49(2) 2010, 71-87.

L. Zarrinkoob, K. Ambarki, A. Wahlin, R. Birgander, A. Eklund, J. Malm,Blood flow distribution in cerebral arteries. J Cereb
Blood Flow Metab 35(4), 2015, 648-654.

R. Wolbold, K. Klein, A. K. Nussler, P. Neuhaus, M. Eichelbecium, M. Schwab, and U. M. Zanger, Sex is a major determinant of
CYP3A4 expression in human liver. Hepatology 38, 2003, 978-988.

D. Veldhuis, C. Y. Bowers, human GH pulsability: an ensemble property regulated by age and gender. J Endocrinol 26, 2003, 799-
813.

S. T. A. Koraek, Z. Duanmu, H. L. Fang, and M. Runge-Morris, Age and Sex-dependent expression of multiple murine hepatic
hydroxysterioidsulfonyltransferase (SULT2A) genes. BiochemPharmacol 76, 2008, 1036-1046.

D. E. Dluzun DE, Neuroprotective effects of estrogen upon the nigrostriatal dopaminergic system. J. Neurocytol 29, 2000, 387-399.
Y. Schmitz, C. Schauss, and D. Sulzer, Altered dopamine release and uptake kinetics in mice lacking D2 receptor. J Neurosci 22,
2002, 8002-8009.

V. Quinones-Jenab, and S. Jenab, Progesterone attenuates cocaine-induced responses. Hormones Behav 58 (1), 2010, 22-32.

N. Sofuoglu, M. Mouratidis, and M. Mooney, Progesterone improves cognitive performance and attenuates smoking urges in
abstinent smokers Psychoneuroendocrinology 36(1), 2011, 123-32.

J. J. Anker, and M. E. Carroll, The role of progestins in the behavioral effects of cocaine and other drugs of abuse: human and
animal research. NeurosciBiobehave Rev 35(2), 2010, 315-333.

C. L. Weatherington, Sex differences and gonadal hormone influences in drug addiction and sexual behavior: progress and
possibilities. HormBehav 58(1), 2010, 2-7.

M. J. Lynch, M. N. Arizzi, and M. E. Carroll, Effects of sex and estrus cycle on regulation of intravenously self-administered
cocaine in rats. Psychopharmacology 152, 2000, 132-139.

M. Hu, H. S. Crombug, T. E. Robinson, and J. B. Becker, Biological basis of sex differences in propensity to self-administer
cocaine. Neuropsycharmacology 29, 2004, 81-85.

S. S. Allen, D. K. Hatsukami, T. Bacle, B. Center, Transdermal nicotine use in postmenopausal women: Does the treatment efficacy
differ in women using and not using hormone replacement therapy. Nicotine Tob Res 6(5), 2004, 777-788.

K. M. Kuczkonski, Anaesthetic implication of drug abuse in pregnancy. J ClinAnesth 15 (5), 2003, 382-394.

A. Unger, R. Jagsch, H. Jones, A. Ariia, H. Leitich, Rohrmeisterk, C. Aschauer, B. Winklbaur, A. Bawert, and G. Fisher,
Randomized controlled trials in pregnancy: scientific and ethical aspects. Exposure to different opioid medications during
pregnancy in an intra-individual comparism. Addiction 106(7), 2011, 1355-62.

C. Oncken, J. Cooney, R. Feinn, H. Lando, H. R. Kranzler, Transdermal nicotine for smoking cessation in postmenopausal women.
Addict Behav 32(2), 2007, 299-309.

DOI: 10.9790/0853-141078893 www.iosrjournals.org 93 | Page


http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dawes%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roache%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wells%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lancaster%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=15758948
http://www.science/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vinkers%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22536226
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olivier%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22536226
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zarrinkoob%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25564234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ambarki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25564234
http://www.ncbi.nlm.nih.gov/pubmed/?term=W%C3%A5hlin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25564234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Birgander%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25564234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eklund%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25564234
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malm%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25564234

