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ABSTRACT 

A detailed study to determine the effects of chron ic heroin addiction was 

conducted on a group of adult male addicts routinely admitted to rehabilitation centers in 

the District of Rawalpindi , Pakistan . The effects of heroin and the extent of damage, if 

any, prior to and fol lowi ng subsequent withdrawal therapy (detoxification treatment) 

were examined on a variety of physio logical parameters especiall y the endocrine axes of 

pituitary with gonads, adrenal and thyroid. Determinat ions were carried out on serum 

levels of folli cle st imulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), 

adrenocoliicotropic hormone (ACTI-f), growth hormone (GH), thyroid stimulating 

hormone (TSH), testosterone (T) , dehydroxyepiandrosterone su lphate (DHEA-SO~ ) , 

estradiol (E2), sex hormone-binding globulin (SHBG), cOfiiso l, fi 'ee thyroxine (FT~) , 

triiodothyronine (TJ), insulin and glucose, parathormolle (PTH) and gastrin . In addition , 

analys is was conducted to determine effects on vo lum e of the ejacu late, sperm count, 

sperm motility and semen fructose leve l. Determinations were also made to measure 

act ivity ofNa,K-ATPase in eryt hrocytes and leucocytes of the heroi n add ict. 

A total of 60 male addicts periodically brought to the Rawalpindi Genera l 

Hospital, Military Hospital Rawalpindi and Imran Detoxification Center, Rawalpindi for 

symptomatic detoxification were 3elected for the study. A total of 30 healthy subjects, 

matched for age and sex, were used as control s. Prior to selection for the study, the 

patients consented voluntaril y for par1icipation in the investigation. It was ascer1ained 

that none of the patients was critically ill. Information was obtained concerning route of 

drug intake, the amou nt of drug taken dai ly and that no drug other than hero in was L1 sed 

by them during the past six months. The pati ents ranged between the ages of 25-30 yr 

(mean age: 27.7 ± 1.08 yr) and admitted use of the drug for the past 2- 16 yr (mea n 

duration: 7.3 ± 0.46 yr) . The dail y intake of 30% pure street heroin was 3-5 g (mea n 366 

g/day) . The mode of drug intake was inhalation of vapors (51 patients) smoking ( l:{ 

patients) and sniffing (I patient) . The last dose taken was 1-2 hours prior to ent ry in the 

rehabilitation centers. Blood, urine and semen sa mpl es were taken soon after ent ry of the 

patients to the Centers. The urine samples were used to determine presence of heroi n and 
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its metabolites, The mean blood pressure of the patients at the time or entry was 

112170± 1.06/1.03 mm Hg, Blood and semen samples were taken again following 

symptomatic detoxification treatment (withdrawal therapy) on the loth and the 30th day of 

drug withdrawal, 

The results show that the serum level of FSH increases while that of LH decreases 

signifi cant ly in the addicts, Prolactin also increases signi ficantly, Of the male gonada l 

hormones, serum T is depressed but neither DHEA-SO.l nor E2 undergo sign ifica nt 

change in the add icts, Increase in serum SHBG parallels the change in testosterone Both 

ACTH and cortisol levels in the serum also undergo sign ifi cant depression, The level of 

cortisol is altered both in the J1loJ rning and evening but the diurnal rhythm remaIn s 

unaffected by heroin , Growth hormone, insulin, glu cose and gastrin also Increase 

significant ly Free thyroxine (FT.j) and PTH levels show decrease, In contrast, no change 

could be detected in serum T1 and TSH. DeterminRtion of the above parameters 10 and 

30 days after drug withdrawal revealed that all of the above changes are reversible. 

Delayed recovery (30th day of detoxification) from the damaging effects of heroin was 

recorded for FSH, LH, T, SHBG, ACTH, cortisol and FT.j Early recovery ( l Oth day of 

deto:.;ification) was noted for PRL, GH, insulin, glucose and PTH. 

The most lasting alteration due to heroin addiction occurred In sperm count, 

moti lity of sperms and fructose level in the semen, A drastic decrease in these seminal 

factors was recorded, No modification could be detected in the volume of the ejaculate, 

The patients failed to recover from these effects of heroin even after 30 days of 

detoxificat ion therapy. Thus heroin exerted irreversib le influence on sem inal integrity as 

far as can be argued on the basis of 30-day limi t of detoxification treatment. 

The acti vity ofNa,K-ATPase in the addicts remained unaltered in the erythrocytes 

but showed a significant increase in the leucocytes. The enzyme activity in the leucocytes 

was restored to the control level on the 15th day of withdrawal therapy , 

The data presented show that the majority of physiological aspects exa mined 

undergo significant alteration due to chronic heroin addiction, The endocrine system most 

noticeably affected by heroin is the pituitary-gonadal a\is apparently resu lting In 



irreversible alterations in sperm count, sperm motility and sem inal fructose. Thi s 

observation provides affirmation of the self repOIied loss of libido by the majority of the 

addicts participating in thi s investigation . 

Ana lysis of the data by separating into short duration and long duration chronic 

addiction revealed that PRL, ACTH, cortisol and all semen parameters undergo far 

greater impairment due to heroin. Even recovery from the effects of the drug fo ll owing 

detoxification is blocked in the longer duration addicts (9- 16 yr). 

It is important to note at the outset some of the unavoidable constraint s of 

conducting a study on human subj ects like the one presentl y under considerat ion . Among 

the most critical of these are ( I) the dosage of street hero in , (2) its purity, and (3) the 

timing of the last dose taken. Admitted ly total reliance has been placed on the assurances 

given by the add icts regarding the timing of last dose, and on published information on 

the average purity of street hero in . Any further standardization of these conditi ons could 

not be done in view of the ethical considerations. 

However, it is evident from reversibility of the changes In most of the 

phys iologica l parameters that timely rehabilitation steps ca n resto re normalcy in the life 

orthe addicts. 
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INTRODUCTION 

Use of herbs and plant materials as a means of cure of disease has been as olel as 

human history. Innumerable plants have been discovered over centuries which have 

medicinal properties. Modern research has harnessed a variety of active plant ingredients, 

refined them and even synthesized many through pharmaceutical innova tion for use as 

drugs . Certain classes of these are remedies for disease, others influence the centra l 

nervous system. Many of the centrally act ing drugs are known to relieve pain, have 

psychotomimetic effects, even influence the mind and produce euphoria. A vast array of 

new psychotropic agents including sedatives, hypnotic and anxiolytic drugs have come in 

medical use . They are safe as long as used under medical supervision and advice. 

Unf0l1unately, however, when these are used unwittingly by humans for pl easu re, it 

constitutes drug abuse. Prolonged abuse results in add iction with ruinous consequences 

for the individual, the family and the society at large. Heroin, the subject of the present 

investigation, is an opioid drug obtained from the poppy plant Papaver .\'0/1111 (leruIII. 

This plant yields opium which has been eaten or smoked for generat ions in many parts of 

the world . The term opioid refers to all narcotic analgesics, both natura l and syntheti c, 

which possess morphine-like activity. When used for pleasure and in the absence of 

medical care or self control, they are frighteningly add ict ive. 

Until 1979, heroin addiction was unknown in Pakistan. Coincident with the 

Afghan crisis in the region and since then it has been on the increase here, perhaps due to 

its easy availability (Gallardo, 1984). According to National survey of drug abuse by 

Pakistan Narcotics Control Board (Anonymous, 1993), this country has been hit by this 

drug epidemic in the worst possible manner. By 1994, the estimated numbers of heroin 

addicts had reached 1. 53 million (Fayyaz, 1994). 

Although much work has been done on the physiological, behaviora l and soc ial 

consequences of heroin use in Europe and North America, littl e research has been done in 

this context in Pakistan . This together with the gravity of heroi n addiction ane! its dire 

socio-cultural repercussions provided the primary motivation for undertaking the present 



investigation . The work was further facilitated by the opportunity of access to hero in 

addicts brought to local hospitals and detoxification centers for remedial therapy. 

Opium contains more than 20 distinct alkaloids. In 1806, SeI1urner, a German 

pharmacist, iso lated a pure active alkaloi d from opiuIll and named it morphine, after 

Morpheus, the Greek god of dreams. The alkaloids constitute about 2S% of opium by 

weight and can be divided into two distinct chemical classes, phenantherenes and 

benzylisoquinilines. The principal phenantherenes are morphine ( 10% of opium), codeine 

(O .S%) and thebaine (0 .2%). The principal benzylisoqUinolones are nosacine (6.0%) and 

paraverine (I %), a smooth muscle relaxant (Jaffe and Maliin, 1975) . 

Heroin is a derivative of morphine and prepared by acetylat ing it at the 3 and 6 

positions either with acetic anhydride or more eas il y with acetyl chlorid e. Both hydroxyl 

groups of morphine are esterifi ed. The chemical name of heroin is 3,6-Di-O­

acetyl morphine hydrochloride monohydrate (C2 1 H23 NOS,HCI H20). Its Mol wt. is 

423.9 and melting point IS 229°C to 233°C. It is also call ed, Diamorphine 

hydrochloride, Diamorph hydrochloride, Diacetylmorphine hydrochloride and Heroin 

hydrochloride (Dollery, 199 1). 

Pure heroin is a white powder easily soluble in water (1 g in 2 ml of water at 2S\) 

C) and has a characterist ic bitter quinine-like taste. The pH of a 0.0 I mol solution is 5.2 . 

Heroin is somewhat denser powder than morphine, and is more potent on weight basis. It 

hydrolyzes to morphine acetate in boiling water and also hydrolyzes on prolonged 

exposure to air, turning pink and emitting an acetic or vinegar taste. All illicit heroin 

dealers in Pakistan can produce heroin base which is commonly referred to as smoking 

hero in . Thi s heroi n is usua ll y brown in color having on the average 60 - 80% purity. It is 

not water soluble and its fum es are inhaled by "burning" it on tin foil or smoked by 

stuffing it into cigarettes. Many, but not all, illi cit heroin chemists in Pakistan can 

produce the water solubl e hero in hydrochloride, commonl y ca ll ed inj ectable heroin. It 

has 80 - 9S% purity. This heroin is usuall y white, cha lky or light tan in color. Inj ectabl e 

hero in is 4 - S times more expensive than the smoking hero in. Most of the hero in 

2 



avail ab le at street level in Pakistan is brown in color and contains only 30 - 40 % pure 

heroin (S heikh, 1994). In Pakistan, heroin is otlen not what it is purported to be as it is 

"cut" (diluted) with cheap contaminants having heroin-like properties to deceive the 

addicts. The commonly used chemicals for this purpose may enhance the bitter taste of 

heroin and its vasodilator effects. It is usually diluted in Pakistan with such substances as 

phenobarbitone, quinone, hair removing powder and aspirin, while abroad inel1 materials 

such as talc, lactose, bak ing soda, starch, sucrose and inositol fo rm the bulk of the 

contam inants along with amphetamines, strychnine, qui nine, barbiturates, aminopyrine 

and methapyrilene (Dimiji an, 1974). Consequently, the resul ti ng unit fo r loca l purchase 

is a "bag" containing 90 mg of the materi al, of which an average of onl y 3 mg. is heroin 

(Colasanti and Martin, 1994). It is usuall y sold in 1/2 gm to 5 gm packets containing 30 -

40 % heroin (Sheikh, 1994) . 

Heroin users may change their customary methods of drug admini stration from 

time to time, fro m the perspecti vl~ of harm reducti on. Methods that avoid intravenous 

admini stration have been preferred (Strang, 1993). In Pakistan the common method is 

smoking. Some of the tobacco is taken out from the cigarettes and replaced by heroin, 

then it is smoked like ordinary cigarette. So it can be used anywhere without anyo ne 

knowing about it. Inhalation is also fairly common, and 78% of the heroin addicts apply 

this technique. It is more efficient than smoking as upto 70 - 80% of heroin is utilized 

(Sheikh, 1994). 

Several types of opioid receptors have been identified from defi nabl e functional 

domains at various sites in the nervous system and other ti ssues by rad io-liga nd binding, 

autoradiographic and immunohi stochemical techniques (Mart in el aI. , 1976; Pel1 and 

Synder, 1973; Simon, 1973; Gilbert and Martin, 1976). These receptors are call ed Mu 

(~l ) , Kappa (k), Delta (8 ), Sigma (0) and Epsilon (E) (Goodman el aI. , 1983 ). With the 

development of more specific ligands, subtypes of ~l , 8, and k - receptors have also been 

identified (Pasternak , 1988; Goldstein and Naidu, 1989). There are two functional 

domains within a receptor, a " ligand-binding domain" and an "effector domain", based 

on the spec ifi c three dimensional structure. All of the opioid receptor types are lin ked 

either to second messenger system or directly to ion-channels (Simond, 1988) by a group 

~ 
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of GTP- binding proteins known as G proteins (Gilman, 1987; Ross, 1989).The I11U­

receptor and the delta receptor are coupled through G protein to adenyl ate cyclase or 

inositol 1,4,5 triphosphate (rp3) or to potassium ion channels (Berridge, 1993) 

Activation of the mu receptors and the delta receptors opens the potassium channels, 

thereby decreasing calcium ion conductance. Activation of the k-receptors results in the 

closing of calcium channels. The decreased calcium conductance is believed to be 

responsible for decreased transmitter release, including acetylcholine, norepinephrine, 

dopamine, serotonin and substance P (Woolverton and Johnson, 1992). It is postulated 

that several of these transmitters are involved in the action of opioids, since no single 

transmitter system can account for all the effects of the opioids (Heijna, 1992). The 

opioids and opiopeptins (endorphin, enkephalin, dynorphin) have been shown to inhibit 

the release of excitatory transmitters from these primary efferents (Koyuncuoglu, 1995). 

Heroin does not itself bind to the opiate receptors, but works through its active 

metabolites, morphine and 6-monoacetylmorphine. It is deacetylated by tissue esterases, 

mainly in li ver, to 3 or 6 monoacetylmorphine (MAM), which enters brain followed by 

morphine. Heroin is readily absorbed following injection, oral or nasal admin istration, 

rapidly hydrolyzed to 3 or 6 monoacetylmorphine in the blood and then slowly 

metabolized to morphine which is its major active metabolite. Normorphine is also 

formed to a minor extent. All of these metabolites may be conjugated with glucuronic 

acid in the liver. Upto 80% of the administered dose is excreted in the urine in 24 hours 

main ly as morphine-3-glucuronide, while about 5·-7% of the dose is removed as free 

morphine; 1 % as 6 monoacetylmorphine, 0.1 % as unchanged drug. The heroin 

metabolites are also excreted in the bile but to a very negligible extent (Moor and Hand, 

1988). 

It is generall y believed that addiction to diamorphine (heroin) is more easi ly 

acquired than addiction to morphine because it produces intense euphoria and fewer side 

effects (constipation, nausea, vomiting). The pharmacological properties of morph ine and 

hero in are same with the exception that heroin is more potent and effective due to greater 

penetrability into the brain where its effects are likely mediated by morphine and 6-



acetylmorphine (Dewey and Brase, 1991). Plasma half live of heroin is three minutes 

while that of morphine is 2-3 hr (Moore and Hand, 1988). 

MAJOR EFFECTS OF HEROIN 

A variety of depressant and stimulant effects of heroin are known (Dewey and 

Brase, 1991; Reisine and Pasternak, 1996). 

Depressant effects 

I. Suppression of pain (analgesia) 

2. Drowsiness and decreased menta l alertness (sedation) 

3. Decreased respiration 

4. Decreased myocardial oxygen demand 

5. Suppression of cough (antitussive) 

6. Decreased peristalsis 

7. Inhibition of fluid and electrolyte accumulation in intestinal lumen. 

8. Decreased immune response 

9. Inhibition of emetic center. 

10. Slight decrease in body temperature. 
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Stimulation effects 

1. Euphoria 

2. Constriction of pupil (miosis) 

3. Stimulation of chemoreceptor trigger zone. 

4. Increased tone of intestinal smooth muscles. 

5. Increased tone of sphincter ofOddi, increased biliary pressure 

6. Increased tone of detrusor muscles 

7. Increased tone of vesicu lar sphincter 

8. Increased release of prolactin and antidiuretic hormone. 

9. Proconvulsions with overdose. 

10. Constipation owing to: 

a. Prolongation of stomach emptying time 

b. Decreased propulsive contractions of the small intestine and 

Increased tone of the large intestine slowing down transit, and 

c. lncreased tone of the anal sp hincter and inattention to normal 

sensory stimuli for defecation. 

II . Increased bile duct pressure and increased sphincter tone, leading to 

difficulty in micturition. 

12. Increased tone ort ll e ves icular sp hin ctcr tcmpered by a redu ced volume of 

urine producti on. 
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The phenomena of tolerance and withdrawal are beli eved to be a result or 

neuroadaptive changes in the bra in. These changes are part of a homeostatic process 

whi ch counteract the acute pharmaco logical effects and occLir when a drug is 

administered. Tolerance is reversible, the normal degree of sensiti vity being achi eved 2-3 

weeks after withdrawa l. With repeated admini stration of morphine or its surrogates, there 

is a gradual loss in their effecti veness resulting in tolerance for the drug. To reproduce the 

original response, a large dose must be administered. With the development of tolerance, 

physical dependence occurs, and continued administration of the drug becomes necessary 

to prevent characteri sti c withdrawal or abst inence syndrome. The . mechanism of 

development of tolerance and physical dependence is not related to pharmacok inetic 

factors but is a true cellul ar adaptive response that is associated with changes in second 

messenger system related to Ca'" flu x, adenyl cyclase inhibition and G protein synthesis. 

Chronic exposure and tolerance to opioids is associated with an elevation of int race llul ar 

Ca · . content - unlike acute exposure which often causes a decrease. The effect appears to 

be related to a change in the receptor ' s ability to associate with G coupling proteins, 

increased level of G proteins and an-upregulated cAMP system. In addition, the number 

of the receptor may be reduced by internalization and by their decreased synthesis 

(Reisine and Pasternak, 1996). It is postulated that some aspects of withdrawal are 

attributed to higher cAMP levels. Drug~ induced supersensitivity and alteration in 

intracellul ar CaT' concentration may also involve alteration in G proteins (Johnson and 

Fleming, 1989). Reisine and Pasternak (1996) have hypothesized that chronic opioid 

administration triggers the activation of endogenous antiopioid peptides by changes In 

gene expression. When the subj ects experi ence euphoria induced by opioids, it IS 

corre lated with decreased brain glucose metaboli sm, especiall y in the corti ca l area (Jaffe, 

1995). 

According to Koyullcuoglu (1995) the mechanism underlying the development of 

physical dependence upon opiates may involve four main biological processes. 
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1. The inhibition by opiates of L-asparaginase and glutaminase; the enzymes 

producing the excitatory amino acid (EAA), aspmiate (ASP) and glutamate (GLU). 

2. The blockade by opiates of biological processes occurs by the stimulation of 

the ASPergic/GLUergic receptors, especially the N-methyl-D-aspartate (NMDA) 

subtype. 

3. The upregulation of the NMDA receptors and the superactivation of the 

biological and biochemical processes due to the blockade by the opiates. 

4. The central and peripheral prompt adaptation of the individual to the lesser 

production of the neurotransmitter ASP and GLU, and to the blockade of functions 

elicited by NMDA-receptor stimulation. 

The decrease in the biological functions in terms of the inhibition of ASP and 

GLU production and the blockade of biological processes can lead to an upregulation and 

supersensitivity of the receptors whose endogenous ligands are released by activation of 

NMDA receptors. As is known, these endogenous ligands include catecholamines, 

serotonin, GABA, histamine, acetylcholine and dopamine. The ASPIIGLUergic 

receptors, not blocked by opiates anymore, respond to EAAs (excitatory neurotransmitter 

amino acids) normally or possibly more strongly than is normal. EAAs cause the release 

of endogenous ligands. Together with other actions, ASPIIGLUergic receptor stimulation 

creates the well known abstinence syndrome (yawning, lacrimation, rhinorrhoea, 

perspiration, goose flesh, muscle tremor, dilated pupils, anorexia, joint and muscle ache, 

restlessness, insomnia, emesis, diarrhea, craving, rejection of smoking). Gil- Ad ef al 

(1985) concluded from their study that lack of endorphins is a factor in the development 

of withdrawal symptoms in opiate addiction and that the mechanism (such as action of 

clonidine to relieve these symptoms) involves stimulation of the release of beta­

endorphins and suppression of noradrenergic activity in the locus ceruleus, similar to that 

of opiates. Sarnyai and Kevase (1994) suggested that oxytocin (OXT) inhibits the 

development of tolerance to morphine, heroin, beta-endorphin and enkephalin. Oxytocin 

also inhibits the development of cross-tolerance between the predominantly n1U-agonist 

heroin and the predominantly delta agonist enkephalin in mice. Oxytocin inhibits the 
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development of opiate tolerance, dependence and self-administration. Therefore oxytocin 

may act as neurornodulator of dopaminergic neurotransmission in the limbic-basal 

forebrain structures to regulate the adap ti ve eNS processes leading to dnlg add ict ioll . 

Physical dependence is observed when the cessation of administration of a 

substance (abstinence) causes physical signs of withdrawal. As the physical sign of 

withdrawal general ly represents physiological actions opposite to the acute action of 

heroin (e .g. constipation), the corresponding physical withdrawal sign is diarrhea .. In the 

case of short-acting drugs, such as heroin, the first symptoms maybe seen within 6- 12 hr 

after the last dose of the drug. 

SYMPTOMS FOLLOWING WITHDRAWAL OF HEROIN 

A variety of withdrawal symptoms have been observed In the heroin addicts 

(Dewey and Brase, 199 1; Jaffe, 1995). 

6 - 12 hrs. 

Drug seeking (purposive behavior), restlessness, lacrimat ion, rhinorhea, 

sweating, yawning, anxiety, dysphoria. 

12-24hrs 

Restlessness or broken sleep for several hours (Yen), feeling more rniserabl e 

after awakening, irritability, tremors, dilated pupils, anoreXIa, goosefl esh 

(piloerection, cold turkey) . 

24 - 72 hrs 

Increased intensity of above signs, weakness, depression, nausea and vomiting, 

intestinal cramps, diarrhea, alternate chills and flushes, various aches and pains 

(aching of bones, back and muscles), increased heart rate and blood pressure, 

involuntary movement of arms and legs (twitching of muscles and kicking 

movement of lower extremities, ., Kicking the habit"), dehydration, poss ibl e 

elec trolyte imbalance, low grade fever 
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After 72 hrs 

Above symptoms of autonomic hyperactivity alternating with brief periods of 

restless sleep, graduall y decreased intensity until the addict feels better in 7-10 

days, yet exhibiting strong craving for the drug, some mild signs still detectable 

for upto 6 months. 

Cross-tolerance is an extremely important characteristic of the opioids. The 

patients tolerant to heroin are also tolerant to other agonist opioids and their congeners, 

and this forms the basis of detoxification. The principles of detoxification are the same 

for all drugs; to substitute a longer acting, orally active, pharmacologically equ iva lent 

drug for the drug abused, stabili zi ng the patient on the subst itute and then graduall y 

withdrawing it. Without treatment , the syndrome usuall y runs its course in 7- 10 days. It 

may take many months for full phys iologic equilibrium to be restored ( Fultz and Senay, 

1975). The usual procedure is to prescribe a drug which has a slower act ion ( less 

addictive) than the street drug. Methadone or raw opium ("Atune") is prescribed in place 

of heroin . 

Currently, the opioid drugs most often used to ameliorate the severity of 

withdrawal is oral methadone (Farrel el aI., 1994). A longer act ing drug LAAM (L-a.­

acetylmethadol) has also been used recently. Bupernorphine (partial mu-agonist opioid) 

has been recently introduced for the treatment ofopioid dependence (Strain el aI. , 1994). 

Clonidine, naltrexone, naloxone, acetorphan are a. 2- agonists have been shown to 

suppress some elements of the opioid withdrawal syndrome (Brambilla el aI., 1984; 

Kleber eI aI. , 1987) Propranolol , a beta blocking drug, prevents the euphoric action of 

heroin and may alter the patterns of compu lsive craving for it (Grosz, 1972). 

Propoxyphene salt s are also used to detoxify the heroin addicts (Jaffe, 1995) 

Acupuncture-stimulated release of endogenous opioids is utilized to 

all eviate opioid withdrawal in some countri es (Kat ims el al., 1992; Jaffe, 1995) 

Grossman ( 1985) observed that changes in cerebrospinal fluid met-enkephalin and beta­

endorphin after acupuncture may be invo lved in the effectiveness of thi s therapy in the 
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treatment of heroin withdrawal and severe pa1l1. The proposed treatment methods In 

Pakistan are: 

I. Symptomatic treatment 

2. Replacement therapy 

3. Gradual withdrawal 

The treatment goal at all local centers throughout the country is detoxifi cat ion 

through total abstinence (cold turkey with symptomatic treatment) since methadone and 

other heroin antagonists are not availab le (Sheikh, 1994). It is claimed that detoxi fication 

is usually accompli shed in most cases in 10-15 days but a former addict is liabl e to 

relapse both psychologically and socially (Sell el (fl. , 1995). After detoxification, 

psychotherapy is badly needed to keep the patient abstinent, because brief detoxification 

alone is generally followed by relapse (Vaill ant, 1988) . 

The harm of heroin addiction can extend to all physiological systems. A number 

of endocri ne abnormalities have been recognized in the heroin addicts . Receptors for 

opiates are distributed throughout the central nervous system (CNS), being present in the 

highest concentration in the limbic system (frontal and temporal cortex, amygdala and 

hippocampus), striatum, midbrain, laminae I, II , IV and V of the dorsal horn in the spinal 

cord, thalamus and hypothalamus (Goodman and Pasternak, 1985). There is a high 

density of opioid receptors in the median eminence of the hypothalamus (At weh and 

Kuhar, 1983) where the anterior pituitary-regulating substances are released into the 

portal capillary system, and the modulat.ion of pituitary hormone secretion by endogenous 

and exogenous opiates appears to take place (Clement-Jones and Besser, 1983) The 

opiates specifically affect the pituitary physiology (Peri and Synder, 1973 ; Yen ef (fl. , 

1985). Pituitary gland volume becomes larger in the heroin addicts than in the co ntrols 

(Teoh e/ aI., 1993). 
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The Available literature on the effect of heroin and related opioids shows that the 

central nervous system panicularly the hypothalamic-pituitary ax is is one of the most 

vu lnerable targets of these drugs . The target system responsive to the pituitary system and 

known to be most conspicuously affected by the opioids is the gonads and its accessory 

organs. The serum levels of the follicle stimulating hormone (FSH) and lutein izing 

hormone (lH) have been shown by most workers to be adversely affected (Tepperman, 

1973; Martin el aI, 1973; Brakke el a/., 1974; Tolis el aI, 1975; Cicero el a/. , 1976a, 

1977; Afrasiabi el aI , 1979; Mendelson el aI , 1980; latisca el aI, 1981; Smith and 

Gil beau, 1985; Singer el a/. , 1986; Khan el aI, 199 1; Mena-Valdivia el aI, 1995). There 

is substantial evidence that serum prolactin also undergoes signi fica nt alterat ion in the 

addicts ( Toli s ef aI , 1975; River el aI , 1977; Dupont el al., 1977; Chan el aI. , 1979; 

Cushman, 1980; lafisca el aI , 198 I; Spagnolli el aI , 19.8 7a, b; Ragni el aI , 1988; 

Ahmed and Ahmed, 1993). Regarding gonadal functions, the most consistent abnormality 

in the heroin addicts is impotence, decreased libido and problems pertaining to the 

ejacu late. Serum testosterone (T) and dehydroepiandrosterone sulphate (DHEA SO-l) but 

neither progesterone nor estradiol (E2) have been demonstrated to alter significantly in 

majority of studies done in the past (George, 197 I; Azizi et aI , 1973; Cushman and 

Kreek, 1974; Mendelson ef aI, 1975; Cicero el a/., 1976b; Bolleli el a/. , 1979; 

Mendelson and Mello, 1982; Ragni el aI., 1988; Ahmed and Ahmed, 1993; Pedrazzoni el 

aI., 1993). In assiciation with serum testosterone, sex hormone-binding globulin (SHBG) 

which has a high affinity for testosterone than estradiol, is also modified fol lowing heroin 

intake (Vermeu len el aI., 1969; Burke and Anderson, 1972; Wang el aI. , 1978). The 

above mentioned alterations together with the observed reduction in seminal vesicular 

fructose in the semen, the sperm count and sperm motility (Cicero el a/., 1975; Katz et 

aI., 1982; Ragni el aI , 1985, 1988; Singer el a/. , 1986) point out that the hypothalamo­

pitui tary-gonadal axis is one of the most drasticall y affected systems. 

The other physiological parameters known to be adversely influenced by heroi n 

addiction include adrenoconicotropic hormone (ACT H) (Hellman el aI , 1975; Ho el a /. , 

1980; Glass, 1982; Mutti el aI , 1992; Schurmeyer, 1995), grm.vth hormone (GH) 

(Ghodse and Reed, 1984; Hashiguchi ef aI., I 996a,b), serum thyroxin (T-l) (Redd ing et 

aI , 1966; Webster el aI, 1973 ; Azizi el aI, 1974; Bakke el aI, 1973 ; Afrasiabi el aI , 
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1979; Glass, 1982), insulin/glucagon and glu cose metabo li sm (lpp el aI. , 1978, 1980; 

Giugliano el aI. , 1987; Hashiguchi el aI., 1995), the stomach hormone, gastrin (Unvas, 

1969; Jaffe and Martin, 1975; Magee, 1975) and parathormone (Pedrazzoni el aI. , 1993). 

It is no teworthy in relation to the above descri bed evidence that the current 

literature contains suffi cient confl ict in the cl ata for nearly all of the physiological 

parameters studied to date in varioLls laboratories. 

As already stated, endogenous opioids and opioid receptors exist in the central 

nervous system. Heroin and related drugs exel1 primary effect at this level including 

effects on neurotransmitter release at synapses. Calcium ion influx and subsequent 

inhibition of adenosine triphosphatase (ATPase) are well known as a trigger for 

neurotransmitter release (Visi, 1978). In this regard, various drugs have been shown to 

inhibit the activity of Na,K-ATPase which increases the release of various transmitters 

(Skou, 1965; Schwartz el aI. , 1975). Other drugs inhibit such release due to stimulation of 

Na,K-A TPase (Visi, 1978). Past attempts to ana lyze effects of exogenous opioids on the 

activity of this enzyme in a variety of tissues have provided at best inconsistent 

information ( Jain el ai, 1974; Desaiah and Ho, 1977; Maeda el ai, 1988) 

The current level of heroin usage in Paki stan provides compelling reasons to cany 

out detailed investigations to assess the level of poss ible damage caused by the drug in 

the addicts. The present work was thus undertaken with thi s objecti ve in mind, also 

keeping in view the unique differences in socio-economic background of local drug users 

compared to those in the western world. More importantly, there are also differences in 

respectto drug potency, drug intake techniques, nature of drug diluents and detoxification 

methods. The street heroin used by the local addicts is of much higher potency than used 

elsewhere. The dilution of the drug in Pakistan is done with chemica ll y active substances 

whereas in the west usually inert materials are used . Also, the majority of the studies 

done in Europe and N0I1h America are based on subj ects using injectable heroin . In 

Pakistan brown street heroin is generally smoked or inhaled . Furthermore, detoxification 

methods practiced elsewhere are also quite different from those used in Pakistan. In the 

west, substitution therapy is done by applying methadone or opiate agonists are 

administered, whereas in Pakistan symptomatic treatment is the rule. Tn the light of these 

circumstances, the present study was planned to evaluate the effects of street heroin on 
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serum levels of several pituitary hormones (PRL, FSH, LH, ACTH, GH, TSH), selected 

male gonadal steroids, thyroid hormones, parathormone, insulin and glucose and gastrin 

(a stomach hormone) in chronic addicts. Special attention was given to seminal fructose 

and analysis of the ejaculate for sperm count and sperm motility. In addition possible 

alterations in Na,K-ATPase activity were studied using blood cells which plays vital role 

in homeostasis and immunity respectively. Erythrocytes and leucocytes have been 

extensively used for human studies mainly because of easy access and their rugged nature 

and can sustain the ill v;lro experimental maneuvers easily. Erythrocytes are atypical ce ll s 

(non-nucleated), whereas leucocytes serve as a good representative model for most of the 

body cell s. The extent of effects of heroin was assessed in the addicts subjected to 

withdrawal therapy (detoxification treatment) . In addition, the data obtained for total 

subj ects were analyzed to check if duration of addict ion has any effect on the level of 

impairment prior to or after withdrawal therapy. 
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MA TERIALS AND METHODS 

Subjects 

A total of 60 male pati ent, aged 25-30 yr (average 27 .7 ± 1.08 yr) were se lected 

for this study. These patients were admitted at various times to the psychiatric ward at 

Rawalpindi General Hospital (RGH), Mi li tary Hospital (MH) and Imran Detoxification 

Center at Rawalpindi for detoxification treatment. All patients were informed about the 

purpose of the investigation and their consent was obtained before taking sa mpl es. 

Samples were taken within 24 hours of their admiss ion to the hospital. The patients were 

requested to provide information concerning the route of drug administration, amount of 

the drug taken daily and duration of the ad di ction . None of the patients was cr iti ca ll y ill 

and none had severe di sturbance of consciousness. The patients admitted use of the drug 

for 2-16 yr (average 7.3 ± 0.46 yr) . Prior to their inclusion in the study, urine samples · 

were obtained and presence of heroin and its metabolites was ascertained by 

chemiluminecence assay (CIA) . The addicts denied use of any drug other than heroin 

during at least three months prior to their admi ssion to the hospital. 

Loss of libido and decreased potency were reported by 52 out of 60 pati ents and 

18 patients have had hepatitis in the past but were asymptomatic at the time of their entry 

to the hospital. The mode of heroin use ill 5 1 patients was by inhal ing vapors of 

volati li zed heroin on tin-foil ("chasing the dragon" method) In eight patients, the intake 

was by smoking cigarettes and in the remaining case by sn iffin g. The dai ly intake ranged 

between 3 to 5 glday (average 3.66 g/day) of 30% pure street heroin. The average blood 

pressure in these addicts was 11 2170 ± 1.06/1.03 mmHg (Mean ± SEM). At the time of 

laboratory testing, all patients were alel1 and afebrile with stable vital signs and in no 

acute distress. Their last dose of heroi n was taken 1-2 hr prior to testing. 

The data obtained was analyzed on the basis of total length of addict ion as well as 

by sp litt ing the subj ects into two groups on the basis of duration of addi ction. Group I 

comprised 44 add icts of 2-8 yr duration and group II consisted of 16 addicts of 9- 16 yr 
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duration. This was done to assess whether duration of addiction has any influence on the 

possible effects of the drug or reversib il ity of effects fo llowing detox ification therapy. 

Thirty normal healthy subjects aged, 24-30 yr (average 27.2 ± 1.06 yr) served as 

controls. None of them showed signs of impaired liver, kidney or endocrine functions as 

determined by preli minary tests. None had ever taken narcotic drugs as confirmed by 

negati ve opiate screening in urine. Average blood pressu re of the contro ls was 12 1 lS I ± 

1.07/ 1.09 mm Hg (Mean ± SEM). 

ENDOCRINE STUDIES AND SEMEN ANALYSIS 

Sampling techniques 

All subjects were fasted overnight and blood and semen samples were taken in the 

morning (between 6-9 am) for analysi s of all the parameters to be examined. Samples 

were also collected in the same evening (between 6-9 p.m.) to check possibl e alteration of 

diurna l rhythm of cOl1iso l in the addi cts. Heroin was taken off as soon as the basal blood 

and semina l samples (basal analysis) were col lected. The patients were treated 

symptomatical ly for heroin withdrawal. Thereafter, it was ensured under the vig ilant 

control at the hospital wards that the patients had no access to the drug. Blood, seminal 

and urine samples were again obtained on J Oth and 30th day after heroin wit hdrawal, 

keeping the patients fasting overnight and using the same times for sampl e co ll ection as 

for basal analysis. The pati ents with positi ve urinary tests for heroin catabolites were 

excluded from the study. 

Blood sampl es measuring 10 mllpatient were collected in prechill ed tubes. Each 

tube received 5000 units of Trasylol (500 units per ml of blood) . The sa mples were 

immediately centrifuged at 4°C, serum was separated, labelled, registered and stored 

aliquoted (I ml) at - 70°C in the fl-eezer until the tim e of analys is. 

Seminal samples were col lected by masturbation after 6-7 days of abstinence and 

were examined for phys ical and mi croscopic abnormaliti es. The semen sampl es were 

allowed to liquefy at 37°C for 15 minutes before an aliquot was withdrawn for routine 

sperm count and motility examination . All semen spec imens were assessed aga inst the 



limits of normality set clown by the World Health Organization (1992) i.e. sperm count 

<20 million/m l as oligozoospermia, < 40% with forward moti lity as asthenozoospermia 

and < 50 % with normal morphology as teratospermia. 

Seminal plasma was separated by centrifugation at 700x g for 15 minutes and 

stored aliquoted at -70<>C in sterile tubes containing fluoride . Seminal fructose assay was 

performed immediately according to the method of Haltmann e/ al. (1956). 

Parameters Studied 

Determination of free thyroxin (FT~), triiodothyronine (Tl), thyroid stimulating 

hormone (TSH), folli cle stimulating hormone (FS I-I) , luteinizing hormone (L1-I) , prol actin 

(PRL), testosterone (T), estradiol (E2), dehydroxyepiandrosterone sulphate (D1-lEA-SO-l), 

sex hormone-binding globulin (SHBG), growth hormone (GH) and parathyroid hormone 

(PTH) was carri ed out by automated chemiluminescent immunoassay method (Bobson, 

199 1). The analysis of adrenocorti cotropic hormone (ACTH) and gastrin was done by 

double-antibody RI A and that of insulin by coat-a-count RIA. Semen count was done 

using Horwell fertility chamber. Sperm motility was assessed according to WHO criteria 

(1992) and fructose was determined photometrically. Intracellular sodium, potassium and 

Na,K-A TPase were determined in erythrocytes and leucocytes. Protein and phosphorus 

esti mation in the blood cel ls was carried out to express ATPase activity as ~lmo l 

inorganic phosphorus (pi) per g protein per hour. 

Reagents 

All chemi cals and reagents were analyti cal grade and purchased from Sigma 

(USA), Merck (Germany) or BDB (England) . The kits for microalbumin for protein 

determination were purchased from Spinreact (Spain), for glucose estimation from 

Cromatest (Spain) and for phosphorus measurement from Menarini Diagnosti c (Italy). 

Immulite kits for assays of free T-I, total T1, TSB, FSH, LB, prolactin, testosterone, E2, 

PTB, DHEA-SO.j, SHBG, cortisol, gro wth hormone and for urinary opi ates and RI A kits 

for ACTB, insulin and gastrin were purchased from Di agnostic Product Corporation 

(USA). 
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Principal of automated chemiluminescent apparatus "IMM U LITE" 

The immulite system consists of a benchtop, random access immunoassay 

analyzer (Bobson 1991) built around a proprietary test unit that provides for rapid and 

etTicient washing of a 0.25 inch (6.4 mm) polystyrene bead . The antibody-coated bead is 

held captive within the bar-coded test unit, which serves as the reaction vessel for all 

incubat ions, washes and signal development. The patients sample and the alkaline 

phosphatase (Bovine calf intestine) conjugated label are simul taneously introduced into 

the test unit and incubated for 30 or 60 minutes, depending on the assay at 37°C with 

intermittent agitation. During this time the substance to be analyzed in the sample 

competes with the enzyme- labell ed ligand for the limited number of antibody binding 

sites on the bead . After incubation of the sample with alkaline phosphatase-labe lled 

reagent, rapid separation and efficient washing of the bead and test unit are achieved by 

spinning the test unit at high speed about its vertica l ax is (centrifugal wash) . The fluid 

contents are instantaneously and completely transferred to a coaxial sump chamb er, 

whi ch is integral with the test unit. Four or more discrete washes can be processed 

sequentially and with uniform timing, leaving the bead with no residual unbound label. 

The bound label is then quantified with a dioxetane substrate that produces light upon 

hydrolysis. The basic test procedure is outlined below. 

Test procedure 

The samples in the bar-coded earners are loaded onto a continuous conveyer. 

Each is followed by bar-coded test units, in any order, for the test desired on that sample. 

The test units are conveyed into the analyzer for bar-code identificat ion, and then into the 

incubation carousel. The pipettor adds sample and label led reagent. The reagent carousel 

accommodates up to twelve resident assays. 

After incubation with intermittent shak ing at 3rC for 30 or 60 minut es 

(depending on the assay), the test units are shuttled to the spin wash station, where 

separation of bound and free label takes place. Substrate is then added, and the test units 

are transferred to the luminometer. After another 10 minute incubation at 3 T)C, the signal 
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reaches a maXimum, and the photon counts are measured with a photomultiplier tube 

(PMT) Auto mat ic attenuat ion of the light signal increases the dynamic range of the 

measuring system lOO-fold, thereby enab ling accurate measurement at both extremely 

high and extremely low concentration. Counts per second (cps) are converted to analyte 

concentration using stored master curves that are periodically adjusted with a pair of 

adjusters, which are loaded and processed just like the samples. Adjusters are processed 

in quadrup li cate. Slope and intercept are calculated for the straight line determined by a 

plot of these observed average signals aga inst the "assigned" (Master Curve) signals for 

each adjuster. 

The rhemilurnincscent reaction 

The alkaiine phosphatase conjugate (reagent) is bound to the bead (wit hin the test 

unit) during the immuno logical reaction. The amount of alkaline phosphatase captured is 

proport ional or in versely prop0l1ionai to the concentration of the analyte in the pati ent 

sample. Once the test uni t has been washed, a lum inogeni c substrate so lution co nsis ting 

of a phosphate ester of adamanty l dioxetane in an (AMP) 2-a mino-2 methyl- i-propanol 

butTer with enhancers and preservatives is added to the test unit, which is then transferred 

onto the luminometer chain. Ten minutes later, the test unit arrives in front of the 

photomultiplier tube (PMT), where the light generated (prolonged glow) by the 

lum inogenic reaction is measured. Specifically, in the luminogenic reaction, the substrate 

(an adama ntyl dioxetane phosphate) is dep hosphorylat.ed into an · unstab le anion 

intermediate by the alka line phosphatase conjugate captu red on the bead. The unstab le 

intermed iary emits a photon upon decomposition. The amo unt of light emitted is direct ly 

pro pol1ional to the amount of bound alkaline phosphatase. 

Alka line phosphatase 

o ioxetane p hosphate------------------------------U nstab I e dioxetan e-------------Light(h v) 

Label 
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Individ ual ci1emiluminescent assays: 

The fo lI owi ng det ermi nat ions were ca rried out ll sing the chem i lum i nescent assay 

(immunoassay or immunometri c assay) (automated chemiluminescent assay system 

"il1llllulite" fro m Diagnosti c Products Corporation, USA). 

a) Free thyroxine (FT.!) 

lmmulite free T~ IS a so lid-p hase competitive analog, sequentia l 

chemiluminescent immunoassay with 60 minutes incubation. First the pati ent sa mple and 

ligand-labell ed T4 ana log are introduced into the test unit contain ing monoclonal murine 

anti T.j antibod y, and incubated for 30 minutes at 37°e. They compete for a limit ed 

number of antibody binding sit es on the bead . Unbound analog is then removed by 

centrifugal wash. Then alkaline-phosphatase labelled anti -ligand is introdu ced and further 

in cubated for 30 minutes, before substrate addition. 

Light emitted is inversely proportional 10 FT~ concentration in the sampl e. 

Worki ng range is 1.93 to 77.2 pmol/ i. 

Vo lume required is I 0 ~ t1 serul1l. 

b) Total tri -iodothyronine (T:;) 

T.l is a solid-phase, chemi luminescent Immunoassay. Bead is coated with 

monoclonal muri ne antibody fo r T1. Incubation time is 30 minutes at 37°e. 

Light emitted is inversely proportional to T.l concentration in the sa mple. 

Working range is 0.54 to 9.2 nmo l/i. 

Volume required is 25 ~t1 serum. 

c) Thyroid stimulating hormone CTSH) 

It is a so lid phase, two site chemiluminescent immunometric assay with 60 

minutes incubation. Bead is coated wit h 111011oclonal murine anti-TSH antibody. 

Light emitted is directly pro port ional to TSH concentration in the sample 

Work ing range is 0.002 to 75 ~dU/ml. 

Volume requ ired is 75 ~ t1 serum . 
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d) Follicle stim ulating hormone (FSH) 

It is a solid phase, two-site chemiluminescent immunometric assay with 30 

minutes incubation. Bead is coated with monoclonal murine anti-FSH antibody 

Light emitted is directly proportional to FSI I concentration in the sample. 

Working range is 0.1 to 170 mIU/m l 

Volume required 50 ~tl serum. 

e) Luteinizing hormone (LH) 

It is a solid phase, two-site chemiluminescent immllnometric assay with 30 

minutes incubation. Bead is coated with monoclonal murine anti-LH ant ibody. 

Light emitted is directly proportional to LH concentration in the sample. 

Working range is 0.7 to 200 mIU/ml. 

Volume required is 50 ~tl serull1. 

f) Prolactin (PRL) 

Immulite prolactin is a solid phase, two-site chemi luminescent imll1l1nometric 

assay wit h 30 minutes incubation. Bead is coated with murine monoclonal anti-prolactin 

antibody. 

Light emitted is directly proportional to prolactin concentration in the sample. 

Working range is 10.6 to 3180 mIU/1. 

Volume required is 25 ~tl serum. 

g) Testosterone (T) 

It is a so lid-phase ligand labelled, competitive chemiluminescent enzyme 

immunoassay. Bead is coated with polyclonal rabbit anti-testosterone antibody. The 

patient sample and the ligand- labelled testosterone are simu ltaneous ly introduced into the 

test unit, and incubated for 30 minutes at 3rc. The testosterone in the sample competes 

with the ligand-labelled testosterone for antibody binding sites on the bead . The unbound 

material is then removed by a centrifugal wash . Then alkaline phosphatase-labelled anti 

liga nd is introduced and incubated for further 30 minutes. 
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Light emitted is. inversely propOItional to the testosterone concentration 111 the 

sample. 

Working range is O. I to 20 ng/ml. 

Volume required is 20 ~tl serum. 

11) Estradiol (E2) 

Immulite estradiol IS a solid-phase, chemiluminescent immunoassay with 60 

minutes incubation. Bead is coated with polyclonal rabbit anti-estradiol antibody. 

Light emitted is inversely proportional to estradiol concentration in the sample. 

Working range is 20 to 2000 pg/ml. 

Volume required is 25 ~tl serum. 

i) Dehydroepiandrosterone (OHEA - SO.j) 

It is a so lid-phase chem iluminescent immunoassay with 30 minute incubation 

Bead is coated with a polyclonal rabbit anti DHEA SO.j antibody. 

Light emitted is inversely proportional to DHEA SO.j concentration in the samp le 

Working range is 30 to I 000 ~lg/ l. 

Volume required is 5 ~t1 serum. 

j) Sex hormone-binding globulin (SHBG) 

It is a solid-phase, two-site chemiluminescent immunometric assay with 30 

minutes incubation. Bead is coated with monoclonal murine anti-SHBG antibody. 

Light emitted is directly proportional to the SHBG concentration in the sample. 

Working range is 3 to 180 nmolll 

Volume required is I 0 ~tl of prediluted serum sample (1-2 1 ). 

k) Cortisol 

It is a solid-phase chemiluminescent immunoassay with 30 minute incubation . 

Bead is coated with polyclonal rabbit anti-cortisol antibody 
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Light emitted is inversely proportional to cortiso l concentration in the sample. 

Working range is I to 50 ~lg/dl 

Volume required is I 0 ~l serum. 

1) Growth hormone (GH) 

It is a solid-phase, two-site chemiluminescent immunometric assay. The patient 

sample and alkaline phosphatase-conjugated rabbit polyclonal anti-HGH antibody are 

incubated for 30 minutes. Bead is coated with monoclonal murine anti-HGH antibody 

Light emitted is directly proportional to HGH concentration in the sample. 

Working range is 0.13 to J OLl mIU/I 

Vo lume required is 50 ~tl serum. 

m) Parathormone (PTH) 

lmmulite intact PTH is a solid-phase two-site chemilull1inescent immunometric 

assay with 60 minutes incubation. Bead is coated with affinity purified goat polyclonal 

anti-PTH antibody. 

Light emitted is directly prop0I1ional to PTH concentration in the sample. 

Working range is o. I to 263 pmolll 

Volume required is 50 ~tl serum. 

Quality control 

Immunoassay tri-Ievel int ernal control Con4, Con5 and Con6 (low, normal and 

high) Lot 0 15 from ope (USA), were used to check the assay performance and monitor 

the 'continued app licabi lity orthe stored master curve. 

Individual Radioimmunoassays : 

Assays for ACTH and gastrin were performed by double antibody procedure of 

RIA. whi le that of insulin was performed by coat-a-count procedure of RIA . The kits for 
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these assays were purchased from DPC (USA) . The radioimmunoassay technique is 

- capable of measuring the reaction between antigen and antibody. Labelled antigen (Ag*) 

and unlabelled antigen (Ag) compete for binding to the antibody. Keeping in view the 

avidity of the antibody, both the labelled and the unlabell ed antigens must be the same 

under these conditions. The probability of the antibody binding the labelled antigen is 

inversely proportional to the unlabelled antigen concentration. 

Quality control 

Immunoassay tri-level internal control Con4, ConS and Con6 (low, normal and 

high) Lot 015 from DPC (USA), were used to check the assay performance. 

a) Gastrin 

Lyophilized gastrin antiserum was reconstituted by adding 10 ml distilled water. 

Lyophilized iodinated gastrin was also reconstituted by adding 10 ml distilled water. 

Ready-to-use gastrin calibrators containing 0, 25, 50, 100, 200, 600, 1200 pglml gastrin 

were set up (Table 1). Second antibody and dilute polyethylene glycol (PEG) were mixed 

in a vial and kept ready for use as precipitating solution. Individual tubes, each 

designated as total counts (T) , non-specific binding (NSB), maximum binding (A) and 

standards B through G were prepared in duplicate (totals 18 tubes). Duplicate tubes were 

also prepared for serum and internal controls. 

Table 1. Layout of calibrator tubes for gastrin. 

Calibrators A B C 0 E F G 

Concentration 

pglml 0 25 50 100 200 600 1200 

A 200 III aliquot of the zero calibrator A was pipetted into the NSB and A tubes. 

An equal amount (200 Ill) of each of the remaining calibrators B through G was 



transferred into correspondingly labell ed tubes. The lubes prepared for the serum and 

internal control also received 200 ~tl of the sample After addition of I 00 ~Ll of 125 I 

gastrin to all tubes, the holding rack was shaken gently (Shaker by Diagnostic Product 

corporation, USA). This was followed by addition of I 00 ~tl of gastrin antiserum to all 

tubes except the NSB and T tubes. The tubes were vortexed and incubated for two hours 

at room temperature. All tubes were vortexed aga in after add ition of 1.0 ml of well 

mixed, cold preci pitat ing solution. The tubes were then centrifuged (refrigera ted 

centrifuge Hitachi , Japan) for 15 minutes at 3000 x g. The supernatant in each tube was 

decanted and counted for one minute in a gamma counter (Gambyt CR20, Diagnosti c 

Product Corporat ion, US A). 

b) AdrenocOliicotropic hormone (ACTH) 

One vial of lyophilized ACTH anti serum was reconstituted by adding 10 ml of 

di stilled water. One vial of lyophilized iodinated ACTH ( 1251 ACTH) was also 

reconstituted by adding 10 ml of ACTH diluent. Seven calibrators containing 0, 12, 35, 

65, 160, 530, 1250, u1 U/m l ACTH were prepared (Tab le 2). The ° calib rator was 

reconstituted by adding 3 ml distill ed water while the remaining calibrators received I ° 
ml distilled water each. A vial of precipitating solution consisting of goat anti-rabbit 

gamma globulin (GARGG) and dilute polyethylene glycol (PEG) in saline was kept 

ready fo r use. Eighteen polypropylene tubes in dupli cate were placed in a rack and 

marked as Total counts (T), non-specific binding (NSB), maximum binding (A) and 

standards B through G (see below). Additional tubes, were prepared also in dup li ca te 

each for serum and internal controls. 

Table 2. Layollt of calibrator tubes for ACTH. 

Calibrators A B C 0 E F G 

Concent ration 

Il IU/ml ° 12 35 65 160 530 1250 
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A I 00 ~Ll aliquot of the zero calibrator A was pipetted into the NSB and A tubes. 

An equal amount (I 00 ~t1) of each of the remaining calibrators B through G was 

transferred to correspondingly labelled tubes. The tubes designated as serum and internal 

control tubes received I 00 ~t1 of the sample. The tubes were vortexed fo ll owing addition 

of 100 ~t1 of ACTH ant iserum to all except the NSB and T tubes . The tubes were 

incubated for 60 minutes at room temperature. After addition of 1 00 ~d of 1251 ACTH all 

tubes were vortexed aga in and incubated for at least 16 hours at 4° C. VOl1ex ing was 

resumed after adding 1.0 ml of cold precipitating solution to individual tubes. The tubes 

were then centrifuged for 15 minutes at 3000 x g. The supernatant was decanted and 

discarded. The precipitate was saved for counting for one minute in a gamma counter. 

c) Insulin 

Polypropylene tubes coated with antibodies to insul in were prepared. A vial of the 

concentrate consist ing of iodinated insulin ( 125 1 Insulin ) was prepared by add ing 100 ml 

of dist illed water, which was mixed by gent le inversio n. Seven lyop hili zed calibrators 

were prepared in dupl icate containing 0, 5, 15, 50, 100, 200, 400, ~l[U/m l insu lin (Table 

3) . The 0 calibrator was reconstituted with 6 ml distilled water while the remaining 

calibrators received 3 ml distilled water. Four plain polypropylene tubes were designated 

T(total counts) and NSB (nonspecific binding) in dup licate. Fourteen insulin Ab-coated 

tubes A (maximum binding) and standards B through G were set up in dup licate. 

Addi tional Ab-coated tubes, were prepared in dup licate fo r internal contro l and seru m 

samples. 

Tabl e. 3 Layout of calibrator tubes for insulin . 

Calibrato rs A B C D E F G 

Concentration 

pl U/ml 0 5 I S SO 100 200 400 

26 



A 200 ~tl aliquot of the zero calibrator A was transferred to the NSB and A tubes. An 

equa l amount (200 ~Li) each of the remaining calibrators, the internal control and the 

serum samples were pipetted into the bottom of the tubes. Every tube received 1.0 ml of 

125 , insulin. After vOI1exing the tubes were incubated for 18-24 hours at room 

temperature. The supernatant was decanted and the precipitate was counted for one 

minute in a gamma counter. 

d) Glucose 

Glucose was measured USIng glucose kit (Chromatest, Spain) . The method 

involves reaction of standard (56 mmol/ l) or sample with a working reagent containing 

Ampyrone (0.4 mI1101), Glucose oxidase (~3 000U), Peroxidase (~500U) , Phenol (25 

I11mol) and phosphate buffer (50 mmol) with a pH of 7.5 at 37°C. Following incubation 

of the reactant (Tab le 4) for 10 minute at 37°C the absorbance of the resulting complex 

was read at 500 nm against a blank on a spectrophotometer. 

Table 4. Volume and ratio of blank, standard and sample for analysis of glucose. 

Content Blank Sample Standard 

Sample ... . . . . 0.02 ml .. . ....... 

Standard .. . '" . ., ....... . 0.02 III I 

Reagent 2.5 ml 2.5 1111 2.51111 

The concentration of glucose was calculated as fo llows. 

Absorbance of sample 

Glucose (mmo!!l) x Standard concentration 

Absorbance of standard 
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Semen Analysis 

Volume, sperm count and motility 

The volume of the semen was measured lIsing a gradua ted pipette. Semen count 

was estimated by withdrawing a drop of liquefi ed semen with a dropper and placing it in 

the center of the Horwell fel1ility chamber (ARH counting chamber, Laboratory clinical 

supp li es, London, England), and covered with the cover slips provided with the fertility 

chamber. The sperms were counted using lO x objective giving a magni lication of 100 

using the four corner squares and the middle square of the chamber. The total number 

was obtained by adding all counts and multiplying by one million. The sperm count thus 

obtained was regarded as the total sperm count. Three such counts per sample w·ere made 

to obtain an average value. Sperm motility was assessed according to the WHO criteria 

for motility (WHO 1992). Pus cells in the semen were counted as the number of cells per 

-high power fie ld (40 x 10) of the Horwell ferti lity chamber. 

Fructose level in semen 

Fructose in semen decomposes rapidly. Therefore the assay for fructose was 

performed before the seminal plasma was frozen at -70°C. Prior to fructose 

determination, the seminal plasma was cieproteinized and other interfering substances 

were removed by Somogyi filtrate preparation. When the sample so obtained is heated ill 

strong hydrochloric acid in the pre~ence of resorcinol, fructose forms a pink color which 

can be detected photometrically (Quicklab chemistry ana lyzer by Ames, Germany). 

Deproteinization of the seminal plasma was carried out according to the schedule shown 

in Table 5. 
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Tabl e 5. Deproteini zation schedule for seminal plasma. 

Contents Standard Sample 

Di sti ll ed water 2.0 ml 2. 0 ml 

Standard 0 1 ml - - - - -

Ejaculate - - - - - 0. 1 ml 

Zinc sulfate solution 1.0ml 1.0 ml 
(348 mmolll) 

Sodium hydroxide 1.0 ml 1.0 ml 
(0 .5 molll) 

After thorough mixing, the individual tubes were placed in a boiling water bath 

for 2 minutes, allowed to cool in cold water and centrifuged at 1500 x g for 5 minut es. 

The following schedul e (Tabl e 6) was used for determination of fhlctose. 

Tabl e 6. Schedule for determination of fructose in seminal plasma. 

Contents Blank Standard Sampl e 

Distill ed water 0.5 ml - - - - - - - - - -
Standard mixture - - - - - 0.5 m1 - - - - -
( 11 . 1 mmolll ) 

Analyte supernatant - - - - - - - - - - 0.5 ml 

Resorcinol solution 1.0 ml 1.0 ml 1,0 III I 
(9 .09 1111110111) 

Hydrochloric acid 4.01111 4.0 1111 4.0 1111 
(9.42 molll) 
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After through mixing the tubes were placed in a boiling water bath for exactly 6 

minutes and allowed to cool in cold water. The standard and test sampl es were 

transferred into cuvettes and measured immediately against the blank . The fi-uctose 

concentration was calculated as follows. 

Absorbance of sample 

Concentration of semen fructose 

(mmolll) Absorbance of standard 

Determination of Na,K-A TPase Activity 

Subjects 

x Std. Conc. 

The content of intracellular sodium, potassium and Na,K-ATPase activity were 

measured in samples of erythrocytes and leucocytes. For this purpose, 17 male subjects 

(aged 25-30 yr, average 27 .3 ± 100 yr) were selected from the heroin addicts admitted to 

Imran Detoxification Center, Rawalpindi, for detoxification less than 24 hI' prior to stan 

of sampling The drug abuse background, health history and details for sample collection 

prior to and after withdrawal treatment (basal and post treatment samples) were the same 

as described on page IS. The noteworthy differences were duration of prior drug abuse 

(2-10 yr., average 6. I ± 0.60 yr.) and the time of sample collection after withdrawal of 

the drug (i.e. 15th day). Ten healthy subjects (25-30 yr, average 27.5 ± 1.02 yr) served as 

controls (see page 17 for details) 

The data obtained was analyzed on the basis of total length of addiction as 

well as by splitting the subj ects into two groups on the basis of duration of addiction. 

Group I comprised 12 addicts of 2-7 yr duration and group II consisted of 5 addicts of 8-

10 yr duration . This was done to assess whether duration of addiction has any influence 

on the possible effects of the drug or reversibility of effects following detoxification 

therapy. 
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Collection of blood 

Blood samples were collected for separating erythrocytes and leucocytes. Blood 

was taken from antecub ital vein by venepuncture into 20 ml plastic capped tubes 

containi ng 3 units of lithium heparin per ml blood. The blood samples were used l'or bot h 

erythrocyte and leucocyte separation and measurement of electrolyte and enzy me 

activity. 

Protein estimation 

Protein estimat ion was perfor med using microa lbumin kit (Spinreact, Spain) . In 

this method, a solution (reagent I) of pyroga llol red (50 mmolll) and sodium molybdate 

(0.04 mmolll ) mixed in a 1: I ratio is reacted with standard albuminlglobulin (02 gil) or 

sample. The reaction gives a red complex fo llowing incubation of the reactants (table 7) 

for ten minutes at room temperature. The color is direct ly proportional to the protein 

concentration. The extinction is measured at 598 nm against a blank 011 a 

spectrophotometer (Quicklab chemistry analyzer by Ames, Germany). 

Table 7. Volumes and ratios of blank, standard and sample for protein ana lysis. 

Content Blank Standard Sample 

Standard - - - - - 50 ~tl - - - - -

Sample - - - - - - - - - - 50 ~d 

Reagent 1 3.0 ml 3.0 ml 3.0 ml 

Protein concentration was calcul ated as fo llows. 

Extinct ion of Sample 

Microalbumin (gi l) x Standard Cone (gi l) 

Extinction of Standard 
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Phosphorus estimation 

Phosphorus was measured USlJ1g Menagent Phosphofix (Menarini diagnostic, 

Italy). The method in vo lves reaction of standard (5 mg/dl inorganic phosphorus) or 

sampl e wi th a working reagent containing ammoni ull1 molybdate (0.60 1'.1) and sulphuric 

acid (0.601'.1) in the presence of adequate tensio-active substance. Fo llowing incubation 

of the reactants (Table 8) for 5 minute at 37"C the absorbance of the resulting co mpl ex 

was read at 340 nm against a blank on a spectrophotometer. 

Table 8. Volumes and ratios of blank, standard and sample for analysis of phosphorus. 

Content Sampl e Standard Blank 

Working reagent 2.00 1111 2.00 ml 2.00 Illl 

Standard - - - - - 0.02 III 1 - - - - -

Sample 0.02 ml - - - - - - - - - -

Distill ed water - - - - - - - - - - 0.02 1111 

The concentration of phosphorus was calcu lated as follows. 

Absorbance of Sample 

Phosphorus (mg/dl) x Standard Conc. 

Absorbance of Standard 

(A) Separation of erythl'ocytes 

Blood (3 ml) was centri fuged at 1500 g for 10 minu tes at room temperatu re. The 

plasma and buffy layer was removed by suction with a plasti c pasture pipette. The 

erythrocytes were washed in MgCb solution (287 ml11olll), which was kept at 4°C and 

centrifuged for 5 minutes at 1500 x g. The wash was repeated twice. After washing, 400 

~t1 aliquot of erythrocytes was transferred into microcentrifuge tubes (500 ~tl capacity) in 
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triplicate. The samples were centrifuged at 15000 x g in a microcentrifuge (Hitachi , 

Japan) for 30 minutes. The tubes were immediately cut into two pieces, 2 mm below the 

plasma level and the portion with plasma was discarded . The cut tubes were stored at 

-20"C in sealed plastic tubes. 

Measurement of intracellular sodium, potassium and water 

At the time of measurements each tube containing the cells was cut into two 

segments (20 111m and 30 mm) after discarding the 3 m111 end portion. Olle of the 

segment (20 mm) was used for sodium and potassium measurements. It was weighed 

(Sartorius Anal ytical Balance, Germany) and dropped into 10 ml of LiN01 solution (15 

mmol /l) and vigorously shaken to release the contents into the solution. The illdi vidual 

erythrocyte samples were celltrifuged at 1500 x g and the concentration of sodium and 

potassium was measured by flame photometry (Corning clin ica l flame photometer, 41 OC, 

UK) The name photometer was used in a manner that the samples were measured 

directly without dilution step. A standard ca libration curve was prepared using the 

following working standards prepared from stocks of 40 mmolll and 200 11111101/1 NaCI 

and KCI respectively in 15 mmolll LiNO] . 

1. 

2. 
') 

J. 

4. 

NaCI 

Working standard 

KCl 

0.1 O1m01l1 

0.2 mmolll 

0.3 mm01l1 

0.4 111rnol /l 

0.501molll 

1.0 mm01l1 

1. 5 11111101/1 

2.0 m0101l1 

The other segment (30 111m) was used to ca lculate the water content of the erythrocytes. 

The erythrocytes were allowed to run out into preweighed Auto Analyzer cups. The cups 

were weighed and placed in an oven for drying at 56uC for 24 hours. The final weight of 

the cup was taken for calcu lating the intracellular water content . 



Measurement of Na,k-A TPase activity 

Na,K-ATPase activity was measured lIsing a freeze-thaw technique (Huang and 

Askari , 1975). Packed erythrocytes (20 ml) were taken into a plastic tube and immersed 

in methanollsolid CO2 until the samples were frozen. The samples were thawed at 3 T'C 

in a water bath (Memmert, Germany). The freezing and thawing was repeated twice. 

After the final thaw, 2.0 ml distilled water was added to the erythrocytes. The enzyme 

activity was measured using 6 plastic capped tubes, each containing 2.0 1111 of an 

incubation medium comprising NaC I (100 I11molll), KCl (15 mI1101 /1), MgCb (3 n1lnol/l) , 

A TP (2 11111101/1), EDTA ( I 11111101/1) and Tris/HCl buffer (80 mmol/I) with a pH of 7.4 at 

37"C. Un labelled ouabain (10 mmol/l in 5% ethanol) was added to 3 of the tubes giving a 

final concentration (after the addition of erythrocyte sampl e) of 100 p11101/1. To each oC 

the tubes, 0.5 ml of erythrocyte sample was added . The individual samples v\-ere 

in cubated at 37"C in a shaking water bath (Diagnostic Product Corporation, USA) for 2 

hr. The tubes were shaken thoroughly after every 15 minutes. Then the reaction was 

stopped by adding 1.0 ml of 12% Trichloroacetic acid (TCA) to each tube. The sa mpl es 

were centrifuged at 500 x g for 5 minutes and the supernatant was removed and used to 

measure phosphorus immediately. To the precipitate was added 5 1111 of a solution 

containing NaC03 (200 11111101/1) and NaOH (200 1111110111» to dissolve the proteins. The 

samples were stored overnight and appropriately diluted in the above solution before 

measuring the protein content. The enzyme activity was expressed as the ditTerence 

between release of inorganic phosphate (Pi) from ATP in the absence and presence of 

ouabain and expressed as pmol of Pi/g Protein/ h. 

(B) Separation of Leucocytes 

Leucocytes were separated by the method of Baron and Ahmed (1969) with minor 

modifications. A dextran reagent was prepared by adding 6g of Dextran (mol mass 

252000 Oa) per dl of a so lution consisting of I 15 1111110111 NaC l, 6 1111110111 KCI , 24 ml11ol/1 

NaHC03, 1. 8 111 1110 III CaCI2.7H20, 1.0 111 1110 III NaH 2PO.I.2H20, 5.5 ml110lll glucose and 

phenol red indicator (pH 7.5 at 37"C). The reagent was mi xed with heparined venous 

blood in a ratio of 1 : 4. The tubes containing the mixture were gently inveI1ed 2-3 times 



to ensure that dextran solution had mixed with the blood. The air bubbles at the top were 

asp irated with the help of a plasti c pas tu re pipette. The leucocytes were all owed to 

sediment for 20-25 min at room temperature. The supernatant was taken carefully and 

centrifuged at 250 x g for 5 minutes at 25°C. After decanting the supernatant, the 

leucocytes were Iyzed hypotonical ly by adding 3 1111 of disti ll ed water for 10- 15 s. The 

sa mpl e was whirl imi xed, and then I ml of so lut ion consist ing ofNaCI (460 I11molll), KCI 

(24 ml11o !/I), Na HCO.1 (96 111 11101/1), CaCb.2H20 (7 .2 ml11ol/ l), MgSO.j.7!-hO (32 

1111ll01l1), NaH2PO.j.2H20 (4 IllIllOIII), Glucose (20.2 Illmolll) and phenol red indi ca tor 

(pH 7.5 at 37"C) was added and mi xed. The sampl e was again centrifuged for 3 minutes 

at 200 g at 25 llC. The supernatant was di scarded and the sides of the tube were clea ned 

with ti ssue paper. The cell s were re-suspended for various measurement as follo ws: 

I. In MgCI2 solution (287 mmolll) for cell electrolyte assessment. This was done 

to rid the leucocytes of trapped extracellular Na or K. 

') In distill ed water for Na,K-ATPase acti vity assay. 

Measurement of intracellular sodium, potass ium and water 

The cell s were dried to a constant cell mass in an oven at I 10"C for 30 minutes, 

then weighed again to give dry cell Illass. This enabled the intracellular water content to 

be cal cul ated. The cell button was then l11i xed wi th 5 1111 of a so lution contain ing O. I 

ml110111 HNO.1 and 15 mmolll LiNO .. and kep t at 56"C for 2-l hr. Sodium and potassi um 

were then measured by fl ame photometry. The flam e photometer was used in a manner 

that the sampl es were measured direc tly without di lution step. A standard ca li bration 

curve was prepared using the following working standards prepared tt'OI11 stock of 100 

III III 0 III each of NaCl and KCI in 15 1111110111 Li NO .. . 

NaCl 

o I mmol/ l 

0. 2 m 1110 III 

0.3 1111110111 

0.4 11111101/1 
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KC I 

o 1 111 III 0 II I 

0.2 1111110111 

0.3 ml110lll 

0.4 111111 01/1 



Measurement of Na,K-ATPase Activity 

Na,K-A TPase activity was measured by the method of Baron and Khan ( 1985) 

The leucocyte pe ll et was Iyzed hypotonically in 2.25 ml of disti ll ed water for 15 minutes 

followed by 750 ~L1 of Tris/HCI buffer (40 I11molll, pH 7.4). Na,K-ATPase activity was 

measured in the same incubation mediul11 consist ing of NaC I ( 100 ml11olll), KC I ( 15 

I11molll), ATP (5 ml11olll), MgC b (7 mmol/I) , EDT A (1 mmolll) and Tris/HCI buffe r (50 

ml11olll) with a pH of 7.2 at 37') C. The Iyzed leucocyte sample (500 ~L1) , was added to 2 

ml of the incubation medium in each of the six tubes used for dupli cate measurement of 

the enzy me activity Ouabain (25 ~L1) at a final concentration of 1 00 ~l1l101l 1 in aqueous 

ethanol (9 I11mol/ l) was added to t\-\'o of the above tubes containing leucocyte sa mpl e. To 

the rest of the four tubes, 25 ~t1 of aqueous ethanol (9 I11molll) was added (to compensate 

for the ethanol added to the tubes containing ouabain) In two of these tubes (without 

ouabain), the reaction was immediately stopped by adding 1 ml of 12% TCA and 

centrifuging the sa mpl es at 500 x g for 5 minu tes. The reacti on in the rest of the fo ur 

tu bes was carried out at 37°C f?r 60 mi nutes in a shak ing water bath. The samples were 

whirlimixed every 10 minutes during the incubation and were occasionall y sti rred with 

the help of a plastic Pasteur pipette. The reaction was stopped by adding I ml of 120;0 

TCA and the samples were centrifuged at 500 g for 5 minutes. Inorganic phosphate was 

measured by menagent phosphorus kit. To each sample,S ml of an alka li ne solution 

containing 200 mmolll each ofNaCOJ and NaOH was added and kep t for 12-24 hr be fore 

measuring protein concentra tion. Na,K-ATPase acti vity was ca lcu lated as the difference 

between inorganic phosphate (Pi) re leased by the action of leucocyte sampl es on ATP in 

the presence and absence of ouabain. Total ATPase was ca lcul ated as the el i rrerencc 

between the samples without ouabain and the one in whi ch the reaction was immedi ately 

stopped. 

Statistical Analys is 

Statisti cal ana lysis of all data was performed using Student 's t-test for unpaired 

observation s. Va lues were expressed as mea ns ± standard error of the mean. A 

comparison was considered significantly different when p was <0.05 . 
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RESULTS 

Gonadotropins (FSH, LH) 

In the healthy controls, the mean serum FSH (Fig. I) and LH (Fig. 2) values were 

4.28 ± 0.24 ml U/ml and 6.12 ± 0.38 mlU/ml respectively. In the addicts the mean FSH 

level before detoxitication was 9.S8 ± 0.62 mlU/ml, being significan tl y higher (p <0.00 I) 

compared to the control s. Aft er detoxifi cat ion, the serum FSH level dropped signitica ntly 

below the levels of the addicts (p <O.OS) on the 10lh day but st ill remained higher than the 

va lue for the control subj ects (p<O.O I). FlII1hcr decrease below the level of the add icts 0 11 

the 30lh day brought the mean va lue down to 5.24 ± 0.38 mlU/ml wh ich was now 

stati sti ca ll y indist ingui shabl e from that of the control s (Fig. I) Thus detoxification 

restored the serum FSH to the control level wit h a delay (i .e. 30lh day). 

The level of LH in the addicts (3.S3 ± 0.30 I11I U/ml) was signifi can tl y (p <0.00 I) 

below the control level indicating depression of LH by hero in (Fig. 2). Detox itication did 

not bring about a signi ficant change by the 10lh day of treatment. The observed deviation 

ti'ol11 the situation for the addicts was statistical ly non-signifi ca nt (p>0.05). On the 30111 

day, however serum LI I increased signiticantly to nea r control level (6 .03 1 0.35 

mIU/ml, Fig. 2). Although the effect of heroin on LH was opposite to that of FSH, 

detoxification occurred again with a delay. 

Prolactin (PRL) 

The mean basal prolactin level (Fig. 3) was drastically elevated in the addicts 

(2 I 4.S ± 13. I mI U/ml), the di ffere nce being highly signiti cant (p <0.00 I) compared to 

the hea lthy control va lu e (99 .6 ± 3.87 mI U/ml ). Prolact in level drop ped significant ly 

below the level of the addicts and statistica ll y matched the va lue for the co ntrol (979 ± 

Ih d .. d bl I -, Olh d 6.7 ml U/ml) as earl y as the 10 da y an was mall1tall1 e co mpara y even on t le ,1 ay 

( 1000 ± 7.39 mI U/ml) after detoxificat ion (F ig. 3). 
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Testosterone (T) 

The mean serum testosterone level in the healthy subjects was 19.4 ± 0.86 nOlO II I 

while in the addicts it decreased significantly (p<O.OOI) to 12.3 ± 0.61 111110111 (Fig. 4) 

indicating that heroin exerts adverse effect on this hormone. Although the level rose ( 

13 .5 ± 0.65 nl11ol/l) above the level of the addicts on the 10lh day after detoxification, the 

difference between the two rema ined stati st ica ll y insignificant and complete recovery 

from the efrect of heroin was still not achieved by the 30lh day of withdrawa l trea tment. 

The mean testosterone level of 15.3 ± 0.64 nl110 111 was statistica ll y sign in cant frOI11 the 

control va lue (Fig. 4). These results show some resistance of serum testosterone to full 

recovery after detoxifi cat ion . 

Sex Hormone-binding globulin (SHBG) 

In the controls, the SHBG level was 19.7 ± 1.28 pmolll while in addicts it was 

40.7 ± 2.77 pIlloll1 prior to detoxification treatment, the difference between the two being 

significant (p <000 I). Heroin evidently caused a sharp increase in SHBG (Fig. 5). A 

significant decrease (p<O.O I) below the level of the addicts occurred following 

detoxification therapy on the IOlh day (29.1±2.04) but it was only on the 30lh day that 

SHBG level (24 .2 ± 1.73 pmolll) became statistically similar to that of the controls 

indicating delayed recovery from the effects of the heroin (Fig. 5). 

Dehydroxyepiandrosterone (DHEA.S04) and Estradiol (E2) 

No signifi cant difference was observed between the controls and the addicts 

(either before or after detoxification) in the serum DHEA.SO-l and estradio l (E2) levels 

(Figs. 6, 7). In the healthy control s, their levels were 209 ± 4.32 ~lg/d l and 39.3 ± 1.7 1 

pmol/l respect ively. In the hero in addicts, these were 2 10.55± 5.48 ~lg/d l and 37.9 ± 298 

pmolll respect ively showing that the add ict ion had no effect on these hormones. 

Detoxification therapy did not bring about any noteworthy deviation frol11 these va lu es 

even on the 30lh day post treatment. 

J8 



12 

** 
10 

** 
8 

LC 
E - 6 ::J 

E 

! I 
I I 
i 1 

I I 
4 

2 

0 
Control Addicts day 10 day 30 

Fig. 1 Serum FSH levels ( mean:!:. SEM ) of heroin addicts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex. 
** (p<O.001) compared to control group. 
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Fig. 2 Serum LH levels ( mean :!:.SEM ) of heroin addicts before, 10 and 30 
day of detoxification and in control subjects matched for age and sex. 
** (p<O.001) compared to control group. 
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Fig. 3 Serum Prolactin levels ( mean-..!. SEM ) of heroin addicts before, 10 
and 30 day of detoxification and in control subjects matched for age and 
sex. ** (p<O.001) compared to control group. 
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Fig.4 Serum Testosterone levels ( mean :t SEM ) of heroin addicts before, 
10 and 30 day of detoxification and in control subjects matched for age and 
sex. ** (p<0.001) * (p<0.01) compared to control group. 
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Fig. 5 Serum SHBG levels ( mean :t SEM ) of heroin addicts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex. 
** (p<0.001) * (p<0.01) compared to control group. 
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Fig. 6 Serum DHEA.S04 levels ( mean ~ SEM ) of heroin addicts before, 10 
and 30 day of detoxification and in control subjects matched for age and 
sex. 

...J 
::::: 
o 
E 
0. 

50 ,-----------__________________________________ -, 

40 

30 

20 

10 

o 
Control Addicts day 10 day 30 

Fig. 7 Serum Estradiol (E2) levels (mean ~ SEM ) of heroin addicts before, 
10 and 30 day of detoxification and in control subjects matched for age and 
sex. 
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Cortisol 

Cortisol level showed a diurnal rhyt hm in both the healthy controls and the add ict 

group (Fig. 8). In both cases, the morning level was substantia ll y higher ( 17.8 ± 0.73 and 

12.3 ± 0.42 ug/dl respectively) compared to the even ing levels ( 6.58 ± 0.38 and 4.87 ± 

0.30 ug/dl respectively). Although this diurnal rhythm remained clearly unaffected by 

heroin addict ion, the drug depressed corti sol significantly (p<O.OO I) below the control 

level in the morning as well as in the evening (Fig. 8). Withdrawal therapy had no 

significant effect on the 10lh day of treatment at either time of the day. Whereas the 

morning/evening values increased above the level of the add icts, the di ffe rence with the 

control was still marked indicat ing lack of compl ete recovery. Compl ete recovery fro m 

the etfect of the drug was evident only on the 30lh day of post-detoxification, when the 

cOl1i so l levels in the morning and evening increased signiti ca ntly (morning p<O.OO I, 

evening: p<O.O I) above the respective va lues for the add icts and became stat isticall y 

sim ilar to those for the control su bj ects. 

Adrenocorticotropic hormone (ACTH) 

The basal ACTH level was significant ly lower in the addicts than in the controls 

(6.06 ± 0.63 Vs 11. 78 ± 0.79 pg/ml; p <0.00 I) (Fig. 9). Thus heroin exerts drastic effect 

on this 'hormone. Detoxification resulted in significant increase above the level of the 

add icts(p<O.OOl) on both the 10th (7.98 ± 0.54 pg/ml) and the 30lh day (109 ± 0.59 

pg/ml), the two values becoming nearly comparable to that of the control value. Thus the 

recovery from the effect of heroin occurred early . 

Growth hormone (GH) 

Growth hormone was drastically influenced by heroi n addiction (Fig. 10) . A 

significa nt (p <0.001) ri se was recorded in the addicts before detoxiticat ion (4 .01 ± 0.22 

mIU/I) when compared with the healthy control s ( 1.31 ± 0.06 mIU/I). Detoxification 

therapy brought the levels significantly below the level of the addicts to near control 

va lue as earl y as the 10lh day of treatment, which was maintained on the 30
lh 

day as wei I 

(Fig. 10) 
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Free Thy.·oxine (FT~) 

Free T-I levels (12.6 ± 0.43 pmolll) in the hero in addicts were signiti ca ntly lower 

(p <000 I) as compared to the healthy controls ( 16.6 ± 0.47 pmolll). fo llowing 

detoxi fication, free T -I level on the 10lh day increased significantly above the level of the 

addict (14 .5 ± 0.3 7 pmolll, p<O.OOI) but was still statisticall y distinguishable from that of 

the controls (p <0.01). It returned to near normal level only on the 30lh day (15.92 ± 0.38 

pmolll), the difference with the healthy controls on the 30lh day being insignificant (Fig. 

II) . The results indicate that detoxification improves the condition of the addicts with a 

delay . _ 

Triiodothyronine (T3) 
, 
There was no significant difference in total T) between the healthy controls 

(mean 1.97± 0.04 nmolll) and the addicts either before (2 .01 ± 0:04 nmolll) or atter 

detoxification (Fig. 12). The mean value ofT] on the 10lh day was 1. 97 ± 0.03 llmol/l and 

on the 30lh day 2.0 I ± 0.04 nmollL 

Thyroid stimulating hormone (TSH) 

In the case ofTSH also, there was no difference between the control s (1 .60 ± 0.1 2 

mIU/I) and the heroin addicts (1.62 ± 0.1 I mIU/I) . The va lue of the TSH following 

detoxification on the 10lh day (1.60 ± 0.04 mJU/I) or on the 30lh day ( mean 1. 63 ± 0.09 

mIU/I) were statistically similar to those of the addicts and the controls (Fig. 13). 
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Fig. 8 Serum Cortisol (morning and evening) levels ( mean + SEM ) of 
heroin addicts before, 10 and 30 day of detoxification and in control 
subjects matched for age and sex . ** (p<0.001) * (p<O.01) compare d to 
control group. 
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Fig. 9 Serum ACTH levels ( mean :t SEM ) of heroin addicts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex. 
** (p<O.001) * (p<0.01) compared to control group. 
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Fig. 10 Serum GH levels ( mean-.! SEM ) of heroin add icts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex . 
•• (p<0.001) compared to control group. 
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Fig. 11 Serum Free T4 levels ( mean.:!:. SEM) of heroin addicts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex . 
•• (p<0.001) • (p<O.01 ) compared to control group. 
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Fig. 12 Serum T3 levels ( mean! SEM ) of heroin addicts before, 10 and 30 
day of detoxification and in control subjects matched for age and sex. 
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Fig.13 Serum TSH levels ( mean! SEM ) of heroin addicts before, 10 and 
30 day of detoxification and in control subjects matched for age and sex. 
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Insulin and Glucose 

Similar results were obtained for insulin and glucose as for GH. The mean insulin 

and glucose levels in the healthy controls were 10.3 ± 0.65 ~lrU/ml and 4.63 ± 0.07 

mmolll respectively. On the other hand, the levels of both were significantly elevated ( p 

<0.00 I) in the addicts prior to detoxification (Figs. 14, 15) suggesting an adverse 

influence of the drug. After detoxification, a sharp decline in the two metabolites below 

the level of the addicts occurred on the 10111 day. And their levels became similar to those 

of the controls (Fig. 14, 15) on the 10th day (11 .4 ± 0.53 ~tlU/ml and 4.39 ± 0.06 mmolll 

respectively) as well as the 30th day (10.62 ± 0.46 ~t1U/ml and 4.6 1 ± 0.06 mmolll 

respective ly). Ev idently, wit hdrawal treatment caused early recovery of the addicts . 

Gastrin 

Serum gastrin was high in the addicts as opposed to the control subjects (75.6 ± 

4.5 and 35.6 ± 2.3 pglml respectively) . The difference was statistica ll y significant 

(p<O.OO I). Heroin thus had an adverse effect on gastrin. The mean gastrin level decreased 

significant ly below the level of the addicts following detoxification on the 10111 day which 

was maintained near this level on the 30lh day as well (34.78 ± 2.27 pg/ml and 32.7 ± 

I. 74 pglml respectively) (Fig. 16). These values remained statistically indistinguishable 

from the value for the control subjects which indicates early recovery from the effects of 

the drug. 

Parathormone (PTH) 

In the control subjects, the mean PTH level was 2.83 ± 0. 19 pmolll but dropped 

sharply and significant ly in the addicts to a mean of 1.25 ± 0.13 pmolll showing that 

heroin exerted a depressing etfect on PTH. Withdrawal therapy significantly enhanced it s 

level as earl y as the 10111 day of detoxification (Fig. 17) to a mean value of 2.66 ± 0. 12 

pmoi/ i. Thus early restoration to near control level occurred and the situation remained 

simil ar even on the 30lh day of detoxification. 
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Fig . 14 Serum Insu lin !evels { mean :!:. SEM } of heroin addicts before, 10 
and 30 day of detoxification and in contro l subjects matched for age and 
sex. •• (p<O.001) compared to control group. 
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Fig. 15 Blood glucose levels ( mean ~ SEM ) of heroin addicts before, 10 
and 30 day of detox ificaticn and in control subj ects matched for age and 
sex . •• (p<0.001) compared to control group. 
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Fig.16 Serum Gastrin lev~ ls (mean ~ SEM ) of heroin addicts before, 10 
and 30 day of detoxification and in control subjects matched for age and 
sex. ** (p<0.001) compared to control group. 
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Fig.17 Serum PTH levels ( mean ~ SEM ) of heroin addicts before , '10 and 
30 day of detoxification and in control subjects matched for age and sex. 
** (p<0.001) compared to control group. 
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SEMEN ANALYSIS 

In the control group the mean sperm count was 73 .3 ± 2. 19 million/ml , whil e in 

the addicts before detoxification it was 56.5 ± 1.96 mi llion/ml. The sperm count remained 

unchanged from the addi ct-level and hence was signifi cantly lower (p <0.00 I) than in the 

controls even after the 10lh and 30lh day of detoxification (57. 1 ± 1.88 and 58 .6 ± 1.89 

million/ml respectively) (Fig. 18). Thus heroin exerted a long lasting effect on the sperm 

count since no recovery was evident even on the 30lh day of withdrawa l. 

Percentage of sperm motility in the add icts was also significantly lower (p 

<0.001) than in the control subjects both before and after detoxification (Fig. 19). In the 

control subjects it was 6'4.83 ± 1.32 while in the addicts it dropped to 24.83 ± 1.47 before 

treatment and 26.9 ± 1.57 and 34.2 ± 1.97 on the 10Ih and the 30lh days of detoxification 

respectively. 

These results show that heroin brought about lasting effect on sperm motility as 

well. However, it is notewOlthy that motility on the30lh day rose significantly (p<O.O I) 

above the value for the 10lh day suggesting a trend toward improvement follo wing 

withdrawal therapy. 

Semen fructose 

Semen fructose was similarly adversely affected by heroin addiction (Fig. 20) . In 

the control subjects the mean fructose was 15.8 ± 0.30 mmol/I while in the addicts it 

dropped to 8. I ± 0.47 mmol/I, showing nearly 50% depression. On the 10lh day of 

detoxification therapy, no significant change compared to the addicts was recorded (8.4 ± 

0.49 mmol/I) . The fructose value for the 30lh day group, on the other hand, deviated 

significantly from the level of the addicts indicating delayed improvement, though 

complete restoration was sti ll not achieved (compared with the control group) 
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Fig. 18 Sperm concentration in semen samples (mean ±. SEM ) from 
heroin addicts before, 10 and 30 day of detoxification and in control 
subjects matched for age and sex .•• (p<0.001) compared to control group. 
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Fig. 19 Percentage forward motility of sperm in semen samples (mean ! 
SEM ) from heroin addicts before, 10 and 30 day of detoxification and in 
control subjects matched for age and sex. ** (p<0.001) compared to control 
group. 
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Fig. 20 Semen fructose levels ( mean! SEM ) of heroin addicts before, 10 
and 30 day of detoxification and in control subjects matched for age and 
sex. ** (p<0.001) compared to control group. 
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Na,K-A TPase in Erythrocytes 

No significant difference was observed between the controls and the heroin 

addicts in Na,K-ATPase activity in the erythrocytes either before or 15 days after 

detoxification (Fig. 21). In the healthy controls, it was 8.86 ± 0.38 ~Ln101 Pi/g protein/hr 

given the optimal analytical conditions. The same mean value was recorded for the heroin 

addicts (8.86 ± 0.36 ~lmol Pilg ;Jrotein/hr) before detoxification. The mean activity IS 

days after withdrawal showed only negligible change (8.9 ± 0.41 ~lmol Pilg protein/hr). 

Na,K-A TPase in Leucocytes 

Na,K-A TPase activity in the leucocytes of the hea lthy control s, under the optimal 

conditions of the study, was 298 ± 12.2 ~LInol Pi/g protein/ hI', while in the addicts it 

increased significantly (348 ± 11 .6 ~lmol Pi/g protein/hr). On day 151h of withdrawal, the 

level rever1ed to the level of the controls (295 ± 12. 7 ~lmol Pi/g protein/hr) indi cati ng 

compl ete recovery (F ig. 22). 

Intracellular sodium and potassium in erythrocytes 

No significant difference was observed between controls and the addicts (either 

before or 15 days after detoxification) in the intracellular sodium and potassium levels 

(Figs. 23, 24). In the healthy controls, the levels were 5. I ± 0 16 I11molll cell water and 76 

± 2.9 I11molll ce ll water respectively. In the heroin addicts, these were 5.07 ± 0. 15 and 

76.4 ± 3. I ml11ol/1 cell water respectively. Detoxification therapy did not bring abo ut any 

change in these. 

Intracellular sodium and potassium in leucocytes 

Intracellular sodium and potassium in the leucocytes of the healthy control s, were 

31. 0 ± 1.75 mmolll cell water and 140 ± 4. 08 mmolll cell water respectively. In the 

addicts these showed only negligib le change (30 ± 1.66 1111110111 for sodiul11 and 142 ± 

4.5 1 11111101/1 ce ll water for potass ium) . On day 151h of withdrawal, no di sti ngui shable 

change was observed (Fig. 25) 
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Fig. 21 Na,K-ATPase activity in erythrocytes (mean +SEM) of heroin 
addicts before, 15 day of detoxification and in contrQI subjects matched for 
age and sex. 
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Fig. 22 Na,K-ATPase activity in leucocytes (Mean :t SEM ) of heroin addicts 
before, 15 day after detoxification and control subjects matched for age and 
sex. • (p<O.01) compared to control group. 
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Fig. 23 Erythrocyte Intracellular sodium levels (mean :!. SEM ) of heroin 
addicts before, 15th day of detoxification and in control subjects matched 
for age and sex. 

100 

80 
~ 

Q) ... 
ctI 

60 ~ 
-Q) 
(,) 

..J ::::: 40 
0 
E 
E 

20 

o 
Control Addicts Day 15 

Fig. 24 Erythrocyte intracellular potassium levels (mean :!. SEM ) of heroin 
addicts before, 15th day of detoxification and in control subjects matched 
for age and sex. 
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Fig. 25 Leucocyte intracellular sodium and potassium levels (mean ! SEM ) 
of heroin addicts brfore, 15 days after detoxification and in contro l subjects 
matched for age and sex. 
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Compa.-ison between Group I and Group II addicts 

Table 9 describes the various hormonal analysis for the two classes of the addicts 

separated on the basis of length of addiction. It is evident from the data that with the 

exception of PRL, ACTH and cortiso l. the basal levels of other hormones remained 

statistically indistinguishable in Group I and Group II addicts . The data for these 

parameters were also similar to those for the total duration subjects (2-16 yr). In contrast, 

the effect on PRL was very severe in the Group II addicts where it was drastically 

elevated (259 ± 17.1 mIU/ml). The difference with Group I (179 ± 10 mlU/ml) was 

highly significant (p<O.OO I) . However, complete recovery from the effect of hero in 

occurred as early as 10lh day of drug withdrawal. Although the basal levels of T in the 

two groups were similar to those of the total duration group, recovery from the effect did 

not occur even on day 30 of detoxification either in Group [ or Group [I. The morning 

serum cortisol (basal, 10 and 30 day) levels in Group I addicts were similar to those of 

the total duration subjects. However, far great decrease in the basal levels occurred in the 

Group II addicts compared to Group I addicts. Also, the effect was irreversible even on 

day 30 of drug withdrawal. Although the evening basal level in the two groups were 

statistically sim ilar and the 10 and 30 day levels deviated significantly from the within 

group basal level. Complete recovery from the heroin effect did not occur even on the 

30lh day of detoxification in Group II subjects. The basal serum ACTH levels in Gro.up I, 

Group II and total duration subjects remained similar. However, the Group I addicts 

recovered from the damage early (day 10). Such recovery was not evident in the Group [I 

addicts either on day 10 or day 30 suggesting severe influence of duration of addiction on 

pituitaty-adrenal axis (Table 9). 

Regarding seminal parameters (sperm count, sperm motil ity and semen fructose 

level), significant difference was observed between the two groups studied (Table (0). In 

the chronic addicts, with longer addiction period (group II), no significant difference 

within group variation (p>0.05) in the three seminal parameters was observed at the two 

post detoxification interva ls ( 10lh and 30lh day) revealing persistent impairment and lack 

of reversibility of the effect. In contrast, group 1 addicts showed a significant within 

group increase in the three seminal parameters over the baseline va lues (addi cts) on da y 
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30 of detoxification (Table 10). Since these values are statistically comparable to those of 

the corresponding controls (see Figs. 18, 19 and 20), they show that the impairment is 

reversible in group I addicts. 

No appreciable change in Na,K-ATPase activity was found in the erythrocyte and 

the leucocytes of the two groups (Table II). 

Table 9: Comparison of various hormonal levels in Group I and Group II heroin addicts 

(8) and following 10 and 30 day detoxification. The va lues are means ± standard error of 

the mean. 

HORMONE CONTROL TREATMENT GROUP I GROUP II 
2-8 ycars (n = "'-+) <)-16 ycars (Il = I e») 

B 12.9±O . ..J. 5 12.3 ± 0.31) 

Frec TI (pmol/I) IG.6±0 . ..J.7 Day 10 I..J. ."'±O . ..J.O 1..J. .6 ± O . ..J.2 
Day 30 16.3 ± 0.38 15.6±O . ..J.1 
B 2.02 ± O.O..J. 2.00 ± O.O..J. 

Total T 3 (mnol/I) 1.97 ± O.O..J. Day 10 1.1)9 ± 0.03 1.97 ± 0.05 
Day 30 2.02 + O.O..j. 2.0n ± 0.05 
B I.G2±O.12 1.62 ± O. 1l 

TSH (l1IIU/I) 1.60 ± O. 12 Dav 10 1.62 ± 0.10 1.)9 ± OI] 
Day 30 1.62 ± 0.08 1.6 ... ± 0.11 
B 9.] I ± 0.60 <).8..J. ± 0.71 

FSH (l1IIU/ml) 
..J..28 ± 0.2 ... Day 10 7.30 ± 0 . ..J.8 7.71 ±0.59 

Day 30 5.02 ±IU8 5.]1) ± O . ..J.2 
B 3.71 ±(UO 3.27 ±(U5 

LH (l1I IU/ml) 6.12 ± 0.38 Day 10 ..J.08 ± (UO 3.% ± 0.33 
Day 30 6.2] + O.D 5. <)5 ± (l...J.O 
B 17<) ± 10 259 ± 17.1 ** 

Prolactin (mIU/ml) 99.G ± 3.87 Day 10 101 ± 6.05 95.0 ± 7.0 
Day 30 100 + G.O 91)0 ± 7.50 
B 12.5 ± 0.59 12.1 ±O()-+ 

TestosteroIle (nmol/I) 
19 . ..J. ± 0.86 Day 10 131)+0.55 1l.0 ± O.G7 

Day 30 15. I ± 0.60 15.3 ± O.GO 
B ..J.1.7 + 2.59 39.8 ± 2.87 

SHBG (pmol/I) 19.7±1.28 Day 10 30.8 ± 2. 0..J. 28.0 ± 2.3 0 
Day 30 2..J..2 ± 1.60 2..J. .3 ± 1.95 
B 2 12 + .... 99 209 ± S.SO 

DHEA-SO..J. (~lgld l ) 209 ± ... . 32 Day 10 207 + ..J. .90 207 ± 5.10 

Day 30 209 + ..J..80 21 1 ± 5 . ..J.0 
B ..J.~ . I + 1.69 37.7 + 1.7..J. 

Estradiol (pmoIlI) 39.3 ± 1.71 Day 10 36.5 ± 2.00 36.6 ± :1.75 

L Da~' 30 3X.S + 2.80 37.) + ]. :\3 

** p<O.O() I Significant rclatl\,c to Group I 
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Table 9: continued 

HORMONE CONTROL TREATMENT GRO UP I GROUP 1I 
2-8 years (n = -l-l) 9- J(i years (n = IG) 

B .. U10 ± 0.20 -Ul-l ± 0.25 
GH (mIUlI) 1.31 ± lU16 Day 10 I.GG ± 0.08 I.7.1 ± O. 11 

Day 30 1.59 ± (l.09 I.7G ± 0. 12 
B 19.5±O.77 19.8 ± 1.05 

Insulin (~.dUlL) 10 . .1 ± 0.65 Day 10 1 U + 0.-l6 I U + 0.5 .1 
Day 30 10.3 + 0.-l0 10.8 + 0.-1-1 
B 6.03 + ll.(16 6.26 + O.OS 

Glucose (Illmolll) -l .63 ± 0.07 Day 10 -l .-ll ± 0.06 -l .35 ± O.OG 
Day 30 ·U5 ± O.OG -I .G-I ± O.U7 

Cort isol (~ l gldl) B 1-1.3 ± 0.-10 10.9 ± n.-Hi ** 
Morning 17.R ± 0.n Day J() 15.2 ± lUG II .U ± O.5-l ** 

Day 30 17.8 ± n.59 12.-1 ± O. 7U ** 
Cortiso l (FgldI) B 5.03 + 0. 28 -UO + O.3 1 

E\'ening 6.58 ± 0.38 Day 10 5.25 ± 0 . .12 -l.90 ± 0.36 * 
Day 30 G.G-l ± l1..1.1 5.17 ± O.37 ** 
8 7.0G + O.GO 5. 17 + (l .GG 

ACTH (pg/1l11) 11. 78 ± 0.79 Day 10 8.90±O.5-1 G. 15 ± O.(l2 * 
Day 30 11.9 + 0.55 9.23 + (Ul2 ** 
8 75 .0 ± -l .80 76.1 ±5 .01 

Gastrin (pglllll ) .15.G ± 2 . .1 Da~' 10 1-l .9 ± 2.20 3-lG ± 2.13 
Day .1 0 13.7 ± 170 12. 1 ± un 
8 J.2 5 ± 0. 12 1.25±O. 15 

PTH (pmolll ) 2.81± O.I9 Day 10 2.70 ± 0.1 2 2. 6.1 ± 0. 12 
Day 10 2.90 + 0. 16 2.98±O. IG 

* p<O.O I ** p<O.OO I signIficant rclalJve to Group I 

Table 10: Compari son of seminal parameters in Group I and Group II heroin addicts (8) 

and following 10 and 30 day detoxification. The values are means ± standard error of the 

mean. 

SEMINAL PARAMETERS CONTROL TREATMENT GROUP I GROUP II 

2-8 years (n = H) 9- IG ~ ea rs (n = 16) 

B 58.6 + 180 5-l .3 + 1.96 

Sperm COllnl (millionhnl) 73 .3 ±2. 19 Day 10 59.2 + 1.85 5-l .8 + 1.89 * 
Day 30 6V~ + 1.88 5-l .-l ± 2. 0.1 ** 
B 25 .9 + 1.-10 n .1 + 1-15 

% Motility 6-1 .8 ± 1.12 Day 10 29 .8 + 1.55 2.l .2 + U i-l * 
Day 30 -l0 .3 + 1.68 27 .0 + 2.1 2 ** 
B 8.5 + O.-l-l 7.8 + O.-l9 

Scmen Fructose (11111101/1) 15.8 ± 0.3 0 Day 10 8. 70 + O.-l6 8.0 + 0.5 1 * 
Day 30 11 .3 8 + 0.50 8.-l 2 + 0.52 ** 

* p<O.OI ** p<O.OOI significant rclatl\,c to Group I 
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Table II : Comparison of Na,K-ATPase activity in Group I and Group II heroin addicts 

(B) and following 10 and 30 day detoxification. The values are means ± standard error of 

the mean. 

ENZYME CONTROL TREATMENT GROUP I GROUP II 
2-8 years (n= 12) 9-16 years (n = 5) 

Erythrocyte Na.K-ATPase 8.86 ± 0.18 B 8.86 ± 0.18 8.87 ± IUS 
(~lll1ol pi/g protein/hr) Day 15 8.85 ± O.~O 8.92±(UI 

Lel1coc~·te Na.K-ATPase 298 ± 12.2 B 3.+6 ± 9.0 350 ± 10.0 
(~llnol pi/g protein/hr) Day 15 299 ± 11.0 290± 12.0 
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DISCUSSION 



DISClJSSION 

The present study reveals that regard less of the duration of chronic add ict ion the 

majority of physiological parameters examined are adversely affected by heroin 

add iction. Also, the damage done by heroin is not permanent and, in most cases the 

impairment is reversible. The function of the pituitary is clearly altered . Serum FSH, LH, 

PRL, GH and ACTH levels have been shown here to undergo significant modification in 

t.he heroin addicts. The only pituitary hormone which is unaffected by heroin turns out to 

be TSH. In addition, testosterone together with its binding protein SHBG as well as 

cortisol and thyroxin which are directly controlled by the pituitary also undergo change. 

Equally affected are parathormone, gastrin, insulin and glucose. Drastic and irreversible 

changes occur in respect to factors related to sperm function i.e. sperm COUllt, sperm 

motility and sem inal fructose . While Na,K-ATPase remains unaffected in the 

erythrocytes, its activity is rever~ ibly altered in the leucocytes. When the data was 

analyzed on the basis of duration of chronic addiction by separating the addicts into two 

classes ( 2-8 yr, 9-16 yr), only PRL, to some extent T and palticularly cortisol and ACTH 

are far more severe ly influenced in the group addicted for longer duration. The sa me 

holds true for the semen parameters (sperm count, sperm motility and semen fructose) . 

The harm of heroin addiction is known to extend to majority of physiological 

systems and a number of endocri ne abnormalities have been recognized in the past in the 

heroin addicts. It is noteworthy that the receptors for the opiates are distributed 

throughout the CNS. The highest concentration of these exists in the limbic system 

(frontal and temporal cortex, amygdala and hippocampus), the striatum, midbrain, 

laminae I, II , IV and V of the dorsal horn in the spinal cord, the thalamus and the 

hypothalamus (Goodman and Pasternak, 1985). The median em inence of the 

hypothalamus contains high density of the opiate receptors (Atweh and Kuhar, 1983) 

where the anterior. pituitary-regulating substances are released through the ponal capillary 

system and modulation of pituitary hormone secretion by endogenous and exogenous 

opiates is known to take place (Clement-Jones and Besser, 1983). According to Pelt and 

Synder (1973) and Yen ef al. (1985), the opiates specifically affect the pituitary 

physiology. Increase in the vo lume of the pituitary gland of the add icts has bee n 

demonstrated by Teoh I! f al. ( 1993). These studies lend support to the present 
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observations showing significant changes in the serum levels of the pituitary hormones, 

GH, PRL, ACTH, LH and FSH 

Reproductive function in men and women is cruciall y dependent on a precisely 

coordinated cascade of hormonal signals from the hypothalamus, the pituitary and the 

gonads. Secretion of gonadotropins from the pituitary is initiated by pulsatile release of 

the gonadotropin releasing- hormone (GnRH) from the hypothalamus. The secreted 

gonadotropins functionally divide the gonad s of both men and women into two 

components,: the gametogenic compartment mainly controlled by FSH and the 

steroidogenic compartment largely dependent on LH. Maintenance of normal 

reproducti ve filllction ultimately requires the collaboration of these two functionally 

distinct units within the gonads as well as their feedback via gonadal steroids and other 

peptides acting at the level of both the hypothalamus and the pituitary (Mirin et ai., 

1976). 

One of the most consistently disturbed neuroendocrine systems under heroin 

addiction shown in the past (Martin e/ aI., 1973; Brakke el aI., 1974; Tolis (~ / al., 1975; 

Cicero el al., 1977; Mendelson el erl., 1980; Smith and Gilbeau, 1985; Ragni e/ 01. , 1988; 

Ahmed and Ahmed, 1993; Bonavera e/ aI. , 1994) and the present work is the 

hypothalamo-p ituitary-gonadal ax is. Both FSH and LH have been shown positively to 

undergo alteration in the addicts. Interestingly, FSH levels in the addicts examined here 

are enhanced whereas those of LH are depressed. The current information in this area 

reveals considerable discordance in respect to relationship between heroin and these 

gonadotropins and the duration of change. The already existing observations, show 

enhancement of both serum FSH and LH (Tepperman , 1973; Cushman and Kreek, 1974; 

Afrasiabi el aI., 1979; Ragni el aI., 1988; Ahmed and Ahmed, 1993), depression of both 

FSH and LH ( MaI1in el aI., 1973; Bakke e/ aI., 1973 ; Tolis el al., 1975; Cicero 1.'1 o/. , 

1976b, 1977; Mendelson e/ al., 1980; Smith and Gilbeau, 1985; Singer e/ aI., 1986; Giri 

and Kaufman, 1994; Mena-Valdivia el aI., 1995) and no effect on either of the 

gonadotropins (Cushman el aI., 1972a; Azizi el aI., 1973 ; Wang el aI., 1978; Bolleli el 

aI , 1979). According to Giri and Kaufman (1994), decrease in FSH and LH results from 

low pulses of GnRH caused by the opiates. There is evidence that endogenous opiates too 

cause depression of serum FSH and LH levels and that the opiate antagonist, naloxone, 
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reverses this effect on serum LH (increases it) indicating that they are mediated by 

specific opiate receptors . The normal role of endogenous opiates, thus, appears to be 

inhibition of the gonadotropins (Hammer el aI., 1994; Kujjo el aI. , 1995; Sannella and 

Petersen, 1997). In this context, the enhancement of FSH and LH rep0I1ed by other 

workers in the past is difficult to explain. The conflict in results fl"O ll1 different 

laboratories is not limited to what has been described above but also extends to 

observations which show that FSH and LH respond in opposite ways under heroin 

addiction and such a response of the two gonadotropins has been obtained in the present 

investigation The level of FSH increases and that of LH decreases in the heroin addicts . 

There is abundant evidence to suppol1 such opposite effects of these gonadotropins. 

Cicero el al. (1976a,b) have described reduction in serum LH following inj ection of 

opiates. This has also been observed by other workers (Mendelson el ai, 1980; Sheridan 

and Buchanan, 1980; Mirin el aI., 1980; Smith and Gilbeau, 1985). A reduction in LH 

has been obtained not only in human addicts but also in rams given opiate injections 

(Fitzgerald and Perkins, 1994). It has been reported by different workers that the 

depression in seI1lI11 LH is due to inhibition of GnRH by the opioids, both endogenous 

and exogenous, which activate opiate mu-receptors ( Ferrer el ai , 1997; Giri el a i , 1996; 

Pedron el ai , 1996). Hyperprolactenemia (see below) is also inhibitory to GnRH 

secretion. Only a few studies are available which show a significant decrease in FSH and 

no change in LH in the heroin addicts (Lafisca el aI. , 1981; Khan el aI. , 199 1). The fact 

that in the heroin addicts studied here FSH increases while LH decreases, needs to be 

looked at in relation to the observed changes in the levels of the androgens (see below). 

Another of the consistent abnormalities accompanying heroin addi ction IS 

impotence, decreased libido, problems in the ejaculate and depression of serum 

testosterone (George, 1971; Azizi el aI. , 1973; Cushman and kreek, 1974; Mendelson e/ 

ai, 1975; Cicero el ai , 1976a; Bolelli el aI., 1979; Mendelson and Mello, 1982; Ragni el 

aI., 1988; Ahmed and Ahmed, 1993; Pedrazzoni el aI., 1993). The situation regarding 

testosterone level is, however, confusing since connicting data exist revealing either no 

change (Cushman, 1973; Lafisca el a/., 1981) or low levels in acute cases of intake and 

high levels under chroni c conditions ( Malik el aI., 1992) Perhaps, metabolic adaptation 

of the addicts occurs after prolonged use of heroin. According to the observations on the 



subjects examined presently who were chronic drug users, the drastic decrease in 

testosterone level is correlated with enhanced FSH, depressed LH and no effect on 

DHEA-SO~ and Ez. Evident ly, heroin effects the pituitary-gonadal axis and that its 

influence seems to be not directly on the gonads, at least under the condition of the 

present study. Cicero el a/. (1976b) have provided si milar results regarding LH and 

testosterone in the add icts receiving opiates (Sheridan and Buchanan, 1980; Mirin el (//., 

1976, 1980). Further confirmation of a correlation between LH and testosterone comes 

fro m reversal of the levels of the two hormones when the opiate antagoni st, naltrexone, is 

admini stered (Mendelson el a/. , 1980; Smith and Gilb eau, 1985 ). Also, opiate infusion 

into rams not only reduces LH levels but al so the numb er of ejaculations, an effect which 

is reversed by naloxone administration (Fitzgerald and Perkins, 1994). It may be noted in 

relation to the conflicting data available on effect of heroin (and other opiates) that the 

response of testosterone or other androgens (such as dehydroxytestosterone) may depend 

on the time of initiation of drug intake. Mendelson el a/. (1 984) have indi cated that yo ung 

men who begin heroin usage during pubert y do not show long term effects of chroni c 

add ict ion on testosterone levels. Re lative ly norma l psychosexual growth and 

development have been obtained by these workers in adu lt men who began chronic use (8 

years) of heroin at the age of 11-15 years. The observations of Malik el a/. ( 1992) are 

also interesting, showing the least effect in short-time addicts, moderate increase in fair­

time addicts and the largest increase in the long-time addicts . Little information is 

available on the effect of hero in on progesterone and estradiol levels in male addicts. The 

work of Azizi el £11. ( 1973), Wang e/ £11. (1978) and Lafisca el a/. ( 198 1) shows no etTect 

of the drug on these hormones. In view of the biosY llthetic scheme . for estradiol, a 

reduction in testosterone level is expected to bring about decrease in E2 level owing to 

unava il ability of the latter in suffi cient amount . 

Sex hormone-binding globulin (SHBG) has a high affinit y for testosterone and 

estradiol (Merceir-Bodard, 1970) and it protect the circulating steroids frol11 degradation . 

Testosterone binds with it more tightly than estradiol. Onl y about 1-3% testosterone is in 

free form. Burke and Anderson ( 1972), Chopra and Tulchinsky (1 974) and Kley <! / (( f. 

(1 975) have presented ev idence which indi cates that the level of SHBG is dependent 

upon a balance between testosterone (T) and estradiol (E2 ). An increase in estradiol rai ses 
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SHBG while increase in testosterone reduces it (Vermeulen el aI , 1969). FSH is also a 

potent stimulator of androgen-binding protein (Fritz e/ aI., 1976). Increased SHBG has a 

feminizing influence and its decrease a masculinizing effect (Burke and Anderson, 1972). 

Wang el (II. (1978) have attributed high SHBG to low T:E2 ratio . Accordingly, a 

significantly low testosterone level combined with high SHBG and FSH indicates 

abnormal testicular function in the heroin addicts. High SHBG in the heroin addicts has 

been considered to indicate fai lure of liver to metabolize it, which in turn results in low 

free testosterone levels (Kley ef aI, 1975; Baker el aI , 1976). The results of the present 

study clearly reveal a correlation between high SHBG and depressed testosterone leve l. 

Whether heroin addiction caused any li ver damage cannot be specified since tests for this 

cou ld not be carried out but the above observation does correlate with the noted 

abnormalities of sperm count, sperm motility and the impaired male accessory gland 

physiology (see below) 

The abnormalities of the accessory glands and sperm count as well as their 

forward motility repolied here constitute lasting effects of heroin addiction. All sem inal 

parameters, sperm count, forward motility of the spermatozoa and seminal fructose level 

underwent drastic drop in the heroin addicts examined . None of these effects turned out 

to be reversible at least within the time limits of the duration of abstinence therapy 

applied. Such marked alterations in these parameters have been recorded for heroin 

addicts in past works as well. It has been suggested by some workers that the semen 

abnormalities are almost always preceded by irreversible damage to the seminiferous 

epithelium (Katz el aI., 1982). Both seminal and prostatic secretions and sperm motility 

are known to drop under heroin addiction (Cicero el aI., 1975; Katz e/ aI, 1982; Ragni ef 

aI, 1985; Singer el aI., 1986). About 70% of the human ejaculate is composed of sem inal 

vesicle secretion and the prostate also makes its contribution to the ejacu late ( Barak el 

ai, 1994). Fructose, a major constituent of the ejacu late, is known to control sperm 

moti lity. The drast ic decrease in its level as reported presently has a direct bearing on the 

impaired motility of the spermatozoa. The spermatozoa depend on fructolysis augmented 

by respiration for the maintenance of their motility. Chron ic morphine and methadone 

administration also produces pronounced reduction in the size and secretory activity of 

the male rat's accessory organs (seminal vesicle and prostate) (Cicero el aI., 1975) Ragni 
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ef al. (1988) have demonstrated asthenozoospermia (low sperm motility) in all heroin 

addicts and suggested that seminal pathology involving reduced sperm motility 

constitutes an early indication of heroin toxicity even though the sex hormone levels may 

be normal. It is noteworthy that in the subjects of the present investigation, the impaired 

accessory organ function are accompanied by lowered serum testosterone. Testosterone 

has been thought to be necessary for normal secretory activity of the seminal vesicle and 

the prostate (Ragni ef aI., 1985; Gonzales el aI., 1994). Hypofunction of these glands 

causes pathological semen in the form of low sperm motility as well as reduced seminal 

fructose in the heroin addicts (Ragni el aI., 1985). Singer el af. (1979) have further shown 

earlier that sperm motility decreases with decreased sperm count but the volume of the 

ejaculate does not have any correlation with sperm count. Hence the last factor may not 

be a decisive one in oligospermia (low sperm count). In several studies it has further been 

shown that an impaired reproductive function is not on ly accompanied by lowered 

testosterone (Cicero el aI., 1977; Bolleli el aI., 1979; Mendelson and Mello, 1982; Ragni 

el aI., 1988; Ahmed and Ahmed, 1993; Pedrazzoni el aI. , 1993; Gonzales el aI., 1994) but 

also with high prolactin release ( EI-Gothamy and EI-Samahy, 1992) and low thyroxin 

(Chandrasekher el aI., 1985; EI-Gothamy ans EI-Samahy, 1992); an observation which 

receives ample Sllpport from the data of the present investigation. Also, the present study 

reveals far more severe impairment of the seminal parametrs (sperm count, sperm 

motility and semen fructose) in the group addicted for longer period (9- 16 yr). The depth 

of damage was more pronounced in this group with no evidence of reversibility of the 

ensuing impairment. 

Interestingly, 111 most studies, serum prolactin has been shovm to increase 

significantly in the adult hero in addicts (Pelosi e/ aI., 1974; Tolis 1.'/ aI., 1975; River 1.'/ aI., 

1977; Dupont el aI., 1977; Chan el aI., 1979; Cushman, 1980; Latisca el 01., 1981; 

Spagnoli el aI., 1987a, b; Ragni e/ aI., 1985, 1988; Ahmed and Ahmed, 1993; Priou el aI., 

1995; Walsh and Clark, 1996). Thus the results of the present study showing decreased 

testosterone, enhanced PRL and depressed thyroxin are in full accord with the proposal 

that these parameters are associated with impaired sem inal functions . Accord ing to Tolis 

eI al. (1978), the increase in PRL is apparently mediated by pharmacologic blockade of 

receptor sites for dopamine (Loh el aI. , 1976), which is thought to be the hypothalami c 
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prolactin inhibiting factor. This further shows that heroin alld other opioids exert primary 

intluence on the hypothalamic-pituitary axis. Walsh and Clark (1996) and Peccin­

Thompson et al. (1996) have argued that it is the activation of the mu-opioid receptors 

which causes increase in prolactin secretion. In addition, the arduous environmental 

factors and the social conditions sustained by the addicts may also contribute to 

hyperprolactenemia (Ragni el aI., 1984). According to Tol is el al. (1975) 

hyperprolactenemia in the heroin addicts, may be the cause of low gonadotropins Data 

analyzed for the two groups of addicts with different lengths of addict ion are interesti ng. 

The difference in the serum prolactin has been shown here to be severe in the chroni c 

addicts with longer period of addiction (9-16 yr) coc1pared to group with the add iction 

period of 2-8 yl'. 

The other phys iological parameters indi cating di sturbance of the hypolhalamo­

pituitary axis which have been shown here to be affected by heroin addiction are levels of 

ACTH, cOltiso l and GH. The observed reduction in ACTH and cOl1isol levels in the 

addicts receives SUppOlt from several other studies ( Hellman l!1 (/1., 1975; Ho el (/1. , 

1980; Morley el aI., 1980; Glass, 1982; Vescovi el al., 1990; Multi el (fl , 1992; 

Schurmeyer, 1995; Priou el aI., 1995; Windh el ai, 1995) . Schoffelmeer el al. (1997) 

have demonstrated that exposure to drugs of abuse increases striatal dopamine release 

along with enhancement in plasma corticosterone. The suggestion is that an impairment 

of the adaptive response to stress may occur in the heroin addicts (Vescovi l!I ai, 1989) 

The discovery of a common precursor protein for both beta lipotropin (PLPH) and ACTH 

(Eipper and Ma in, 1980) and of their common hypothalamic cont rol through cOlt icotropic 

releasing factor (CRF) (Krieger and l'vlartin, 1981) has led to the hypothesis that in the 

heroin addicts there may either be a suppressed synthes is and/or altered enzymatic 

cleavage of anterior pituitary proopiocortin . Morphine treatment reduces the ill "ilm 

biosynthes is of proopicortin ancl endorphin-lik e peptides in the neurointermed iate lobe of 

the pitu itary in the rat (Gianou laki s el aI , 1981). Reg!J lation by morphin e of the normal 

hypothalamic-pituitary-adrenal mechanism combat ing stress through increased ACTH 

and cortisol levels has also been suggested by Ca logero l!1 al. ( 1996). According 10 EI­

Daly ('I al (1996), there is in creased release of the peptides derived from 

proopiomelanocoltin (POMe) after acute morphine treatment for a short time and 



decreased release of these peptides after chronic treatment. Thus the opioid peptides and 

their receptors play important physiologic role in controlling secretion of CRF. In 

contrast to the observation of drug-induced ACTH and corti sol suppress ion is the 

demonstration of ei ther increased levels of ACTH and cOl1iso l by a few workers 

(O ' Donohue and Dorsa, 1982; Gi l-Ad el aI. , 1985) or no change in their levels 

(Cushman el aI. , 1970; Mendelson ef (fl., 1975; Afrasiabi el aI. , 1979). Such results are 

difficult to rationalize in the light of above proposed mechanism governing the effect of 

heroin · and other opioids on the CRF-ACTH axis . It is noteworthy that in contrast to 

several observations that heroin addiction causes disturbance of the diurnal rhythm of 

serum cortisol and ACTH (Cushman el aI. , 1970; Facchinetti el aI., 1984; Keim el aI. , 

1995), the present study revealed no such alteration in the cortisol rhythm in the addicts. 

Alt hough the morning and evening cortiso l levels underwent sign ifi cant decrease, the 

diurnal rhythm was sti ll maintained. According to Facchinetti e/ ui. (1984) , the altered 

diurnal rhythm is due to certain degree of impairment in the function of serotoninergic 

fibers that regulate circadian rhythmicity of CRF. A substantial decrease in cort iso l in the 

evening alone has been demonstrated in the addicts by some workers ( Ghodse and Reed, 

1977; Renault el aI., 1971 ; Kreek el aI., 1983; Facchinetti el (fl., 1984; Kcim 1.'1 aI, 1995) 

and opposite effect by others ( Eisenman el aI. , 1958). The present study further reveals 

that duration of addiction has dire influence on the pituitary adrena l axis. Longer period 

of addict ion has a more deleterious effect. It is shown here that restoration of the levels of 

two hormones (ACTH and cortiso l) is blocked in the chronic heroin addi cts with the 

longer period of addiction when compared to the addicts with the shol1cr addiction 

period . Apparently, the ability to meet stress of addiction is altered substantially. 

The information regarding the e tTect of heroin addiction on serum GH is also 

fairly conflicting, largely owing to varying conditions und er which observations ha ve 

been made by various workers . In the present work, serum GH levels ha ve bee n sho\', n to 

increase signiticantly in the addicts. High and non-suppressing GH levels are known to 

occur in the addicts after glucose tolerance test (Ghodse and Reed, 1984), in cold­

stimulated humans and rats (ldanpaan-Heikkila, 1996b) treated with morphine or even in 

situations where the only treatment has been intracerebroventricular injection of 

morphine sulphate (Hashiguchi el aI. , 1996a,b) Opioid agonists are also known to be 



potent st imulators of GH release in both rat and man (Cushman, 1972; Grossman and 

Rees, 1983; Priou ef ((/., 1995). The opiates stimulate GH secretion, probably, either by 

inhibiting dopaminergic tone and hence by reducing somatostatin re lease (Matcovish, 

1981; Racagni ef 01., 1982; Tuomisto and Mannisto, 1985) or by modulating adrenergic 

mechanism (ldanpaan-Heikkila ef aI., 1996a) According to Dickson and Vaccarino 

(1994), the opiates affect growth hormone-releasing factor (GRF) in the hypothalamus 

which in turn induces the release ofGH fi'ol11 the pitu itary Agai n mu and kappa receptors 

but not delta receptors are thought to be involved in regulating GH secret ion (Eason I.! I 

al ., 1996). Volp i ef ((I. ( 1992) have observed that the control of GH secretion mediated by 

GABAergic beta receptors is impaired in the heroi n add icts and have furthermore 

suggested that the neuroendocrine alterations may represent a trait marker of heroin 

addiction or that it is a conseq uence of long addi ction to heroin . In contradi stinct ion to 

the above works cited and the results of the present investigation, some studies ha ve 

fa il ed to record any change in serum GH level in the heroin add icts (George el ((I. , 1974; 

Brambi la el ai , 1980; Delitala el aI., 1983; Volpi ef aI., 1992) which merely indicates 

further the inconsistencies in the available informations . 

While the responses of FSH, LH, PRL, GH and ACTH in the addicts suggest 

marked impairment of the hypothalamo-pituitary mechanism by heroin, TSH and 1., 

remained unaffected in the addicts in the present study. Intrestingly FT.I decreased 

significantly. Depressed FT.I in the presence of normal TSH indicates impaired negative 

feedback mechanism along the pituitary-thyroid axis in the addicts. Low FT~ might also 

be a cause of decreased appetite in the heroin addicts. The current status regarding the 

hypothalamic-pituitary-thyroid axis, under the influence of heroin and related opiates, 

seems to be quite ullcertain . Some studies have provides ample evidence of increase in 

both T~ and T1 in the addicts and of borderl ine hyperthyro idi sm under acute heroin 

addi ction (Azizi ef aI., 1974; Ho ef aI. , 1977; Webster ef aI. , 1977; Glass, 1982) . It is 

thought, in this context, that decreased peripheral turnover of T~ and associated increase 

in the binding proteins for thi s hormone are responsible for this hyperthyroidi sm. Other 

workers have observed that the opiates act as depressors of thyroid function, probably 

due to inhibition of the hypothalamic-pitu itary axis causing low TSH ( George and 

Loma:.:, 1965; Redding el a l ., 1966; Brakke ef ai , 1974). There is one report avai labl e 
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which indicates lack of any effect of heroin on T.), T) and TSH (Brambi ll a el ul., 1980) 

Detoxification in the present subjects studied was accompanied by several signs of 

withdrawal syndrome i.e. irritability, tremors, sweating and elevation in blood pressure. 

These symptoms are also characterist ic of hyperthyroidism suggesting sudden elevation 

in depressed thyroxin in the addicts. According to Gahn and Sevarino (1996) 

preprothyrotropin-releasing hormone (ppTRH) is highly expressed in the central gray in 

rats during withdrawaL 

Both insulin and glucose increased drastically in the addicts studied here. It has 

been shown by Ipp ef al. (1978, 1980), and Giugliano el al. (1987) that the opiates 

enhance insulin and glucagon release by suppressi ng endogenous somatostatin. High 

fasting levels of insulin with a delayed rise following glucose tolerance test have been 

obtained by Ghodse and Reed (1984). This resistance is thought to be due to high and 

non-suppressing grm-vth hormone levels, a situation similar to acromegaly before the 

onset of pancreatic insufficiency. Elevated growth hormone and glucagon result in 

increased serum glucose (Reid and Yen, 1981 ; Passariello e/ aI. , 1983 , 1986). These 

workers suggested that negative interference exel1ed by heroin upon carbohydrate 

metabolism, either directly or through mediation by increased glucagon and GH levels, 

may condition the state of fasting hyperinsulinemia, which in turn tends to maintain 

fasting hyperglycemia . Hashiguchi ef al. (1995) have shown that intracerebroventricu lar 

(ICY) inj ection of morphine-6-g1ucoronide (M6G) and morphine produces progress ive 

hyperglycemia accompanied by high catecholamine and corticosterone levels in rats. 

The present observation of a clear rise in gastrin in the addicts in spite of reduced 

appetite is in conflict with the work of the past workers. Jaffe and Martin (1975) has 

described that the opiates are inhibitors of gastric secretion, while Magee (1975) have 

repol1ed increased gastric acid secretion with gastrin remaining normal. Thus in the light 

of the above study, the opiates seems to act directly on the oxyntic glands without the 

mediation of gastrin release. The present investigation agrees with Unvas (1969) and 

Yamaguchi (1974) who rep0l1ed gastrin release fl'om antrum under the influence of 

morphine. Yamaguchi (1974) observed that morphine increases gastrin release. Direct 

vagal excitation of oxyntic glands and endogenous gastrin play an impol1ant rol e in food­

induced gastric secretions in innervated and denervated fundic pOLlches respectively. 
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Exogenous gastrin stimulates gastric secretions activating cholinergic post-ganglioni c 

nerve fibers in conscious dogs. The author concluded that not only the central but also 

peripheral cholinergic stimulation of endogenous gastrin-release is responsib le for the 

secretory enhancement by morphine in dogs and morphine-induced secretion cannot be 

attributed to histamine levels in blood as suggested by Thomson and Walton (1964) . 

Studies us ing iso lated perfused stomach have shown that cholinergic stimulatioil is 

mediated by the inhibition of antral somatostatin, which exerts direct inhi bitory effects on 

G cell s (SatTouri ef aI. , 1980). 

Since very little work has been done on other hormones in the addicts, it is 

dini cult to full y co mpare the observed decrease in PTH in the hero in addicts. The onl y 

ava il able stud y ca rried out in the past is in agreement with the result s present ed here 

(Pedrazzoni ef a/. , 1993). 

As mentioned earlier, the anal ysis of Na,K-A TPase was undertaken in view of 

some ev idence that endogenous and exogenous opiates affect transmitter release through 

act ion on this enzy me system ( Skou, 1965; Schwartz ef a/. , 1975; Sjo lund ef a /. , 1977; 

NOI1h and Egan, 1983) as there is intimate relationship between neurotransm itter re lease 

and Na,K-A TPase activity (Visi, 1978) Examination of the enzyme activity in th e 

erythrocytes and leucocytes revea led its activation on ly in the leucocytes. No effect 

occurred in the erythrocytes of the hero in addicts. The intracellular concentration of 

sodium and potassium was indistingui shable statistically, both in erythrocytes and 

leucocytes. Unchanged sodium and potassium values in leucocytes of the heroin add icts, 

in the presence of increased Na,K-ATPase activity, might be due to the enhanced NaNa 

exchange, or increase in the rest of the passive sod ium influx. The Na,K-ATPase system 

has been studied in the past under a variety of conditions (ill ,,;tf'(), ill IJim) and in 

different ti ssues to test various opioids. Thus the result tends to vary from study to study. 

When morphine is applied ill l 'i l'O, it sti mulate the enzy me act ivity but has no etYect under 

ill I 'il/'() conditions (J ain ef aI. , 1974; Desaiah ef al., 1977). Lack of effect of morphine on 

Na, K-ATPase in the mouse brain has been shown by Desaiah ef u/. (1 979) Simil ar 

resu lts have been obtained by Maeda ef al. ( 1988) who tested morphi ne and met­

enkep halin on rat cardiac Na,K-ATPase. A stimul atory influence of morphine and Illet­

enkephalin on the enzy me has been noted in the fi 'og spin al cord (Haj eck el (//. , 198)). 
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Lee and Sun (1984) observed that only a slight inhibition of the enzy me activity occurs in 

the synapt ic plasma membrane in response to beta-endorphin but no etTect occurs with 

met-enkephalin. Na loxone, an opiate antagonist, inhibits the activity of the sarco lemal 

Na,K-ATPase (Levin el al., 1993). One of the reasons for discrepancies among the resu lt s 

of the present and the above studies may be the heterogeneity of Na,K-ATPase isozymes 

in different tissues (Fambrough el a/. , 1983). 

The present investigation shows that the "vithdrawal therapy partly or fully 

corrects the damage caused by chronic heroin addiction to most physiological parameters . 

However, as further demonstrated here, the duration of chronic addiction may be an 

imp0I1ant factor in determining the depth of effects and how soon the addicts may 

recover following withdrawal therapy. It appears that permanent damage occurred in 

respect to sperm count, sperm motility and seminal fructose which was severe in the 

addicts of 9- 16 yr duration. The impairment turned out to be irreversible for as long as 30 

days post treatment. The fact that sperm count was permanently depressed in the addicts 

affirms Katz ' s suggestion (1982) that spermatogenesis is irreversibly affected . It seems 

that chronic heroin addiction has profound effect on the endocrine mechanisms regulating 

reproductive functions since withdrawal therapy was followed by a delayed recovery of 

FSH, LH, T and SHBG. All other system which were examined and which experienced 

impairment in the addicts revel1ed to normal (control level) with in 10 days . Reversibility 

of heroin and opiate-induced damage to various endocrine and other physiologic]1 

systems has been a genera l observation in most studies where no pal1icular assessment of 

effects of duration has been focussed upon (George el al., 1974; Hellman el {fl. , 1975; 

Fachinetti el a/. , 1984; Ghodse and Reed, 1984: Mendelson e/ a/., 1984; Giugliano el aI., 

1987; Vescovi e/ aI. , 1989; Mutti el aI., 1992; Pedrazzoni el aI., 1993 ; Gerra el {fl., 1994; 

Keim el (fl. , 1995; Windh el al., 1995 ;). 

Post-detoxification study revealed that full reversibility occurs in respect to most 

of the endocrine functions governed by hypothalamic-hypophyeseal axis, even though it 

is delayed. The pm1ial recovery of the seminal parameters from the effect of heroin, 30 

days after discontinuation of the drug indicates a slow restoration of normalcy. Slightly 

reduced spermatogenesis and dysfunction OCCLlr in the secretory activity of accessory 

glands caused by deleterious effects of heroin, which might ha ve required more tim e for 
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full recovery. So a longer period of post detoxification observation is required to see 

whether full recovery of these parameters occurs or not. In ollr study further 

investigations for testosterone and semen analysis beyond 30 days was abandoned 

because of poor patient co-operation as they refused to be detained at rehabilitation 

centers for reasons of their own. The fact that the damage done to most systems by heroin 

is reversib le especially if addict ion is not overly prolonged, this augers well for the 

add icts and provides suffic ient incentive for timely remedial measures and rehabilitation 

steps. 

Analys is of the data by separating into ShOJ1 duration and long duration chroni c 

addicti on revea led that PRL, ACTH, corti sol and all semen para meters undergo t~\I· 

greater impairment due to heroin use. The etTect on PRL was very severe in the longer 

duration addicts (9- 16 yr) where it was drasticall y elevated compared to group with the 

addiction period 2-8 yr. However, recovery occurred as early as 10111 day of the drug 

withdrawal in both groups. The present study fUl1h er reveals that duration of addi ction 

has dire influence on the pituitary-adrenal ax is. Longer period of addi ct ion has a more 

deleterious effect. It is shown here that restoration of the levels of two hormones (ACTH 

and cortiso l) is blocked in the chronic addicts with the longer period of add iction when 

compared to the addicts with the shorter addiction period . Regarding semina l parameters 

(sperm counts, sperm motility and semen fructose) severe impairment was observed in 

the group addicted for longer period (9-16 yr). The depth of damage was more 

pronounced in this group with no evidence of reversib ili ty of the ensuing im pairment. 

In conclu sion the overall results obtai ned in the present study show that heroin 

acts on the hypothalamo-hypophysea l system by altering FSH, LH, ACTH, and GH 

levels. The concentration of testosterone and corti sol in the serum declines. The diurnal 

rhyt hm of cortiso l secreti on is preserved in the addi cts in the present study. Heroin 

addiction increases the serum concentration of prolactin (far more severely in the long 

duration addicts), GH, gastrin and insulin along with fasting glucose level. The depressed 

thyroid activity (low FT.j) and elevated prolactin level in addicts may al so have been a 

contributing factor in inhibiting cataboli sm of fru ctose and causing dys fu nction of the 

testi s respecti ve ly. As a consequ ence, both spermatogenes is and potency are impaired 

with reduced sperm count and markedl y affected sperm motility may lead to subfertilit y 
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The most striking finding of the present study is that the intensity of damaging effects of 

heroin can vary depending on the duration of addiction as is evident from comparison of 

group I and group II addicts. The hypothalamic-gonadal and hypothalamic-adrenal axes 

along with the seminal parameters are the ones most adversely influenced by heroin 

addiction in general. Furthermore, the duration of addiction appears to have selective 

influence on serum prolactin, ACTH and cortisol levels. It seems that the ability to meet 

the stress of addiction is far more deeply altered with increasing length of addiction to the 

drug. The study also indicates that rehabilitation of the addicts is possible if timely action 

is taken. With increasing time of addiction it may take longer to rehabilitate the addict. 
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