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Drug abuse has so permeated our society that the 
use of marijuana, alcohol, cocaine, and other 
mood-altering substances has become common­
place among young adults (Table 1).1 Today, an 
estimated 5% to 10% of women of childbearing 
years (more in some sociodemographic groups) use 
illicit drugs on a regular basis, and 5% are classified 
as "heavy" drinkers of alcoholic beverages (two or 
more drinks per day). 2 Although the research on 
the reproductive effects of drug abuse is relatively 
new, it shows potentially serious risks to reproduc­
tion and fertility. 

REPRODUCTIVE RISKS OF DRUG ABUSE 

The degree of reproductive risks from drug abuse 
depends on many factors. A major factor is extent 
of drug use, i.e., the amount of a drug that is taken, 
its frequency of use, and the amount of active in­
gredients (and contaminants) in the street drugs. A 
single episode of drug intoxication carries much 
less risk to reproductive hormones than does daily 
use. Another factor is the age of the user and the 
length of time the drug is used. Frequent drug use 
in adolescence or any drug use during pregnancy is 
potentially more hazardous. Additionally, individ­
uals with hypogonadal syndromes may be at in­
creased risk to the damaging effects of these drugs. 

The reproductive system is unusual among the 
bodily systems in the complexity of the mecha­
nisms that control it and that must operate in order 
for it to function. Many classes of drugs can disrupt 
aspects of these controlling mechanisms and 
thereby alter reproductive function. Drugs that 
disrupt nervous system function (either voluntary 
or autonomic) can inhibit reproduction. The hypo-
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thalamic nervous pathways that control the secre­
tion of gonadotropins are inhibited by such central 
nervous system (CNS) drugs as marijuana, the nar­
cotics, barbiturates, and tranquilizers, making 
these pathways a major mechanism for the effects 
of drugs on reproductive hormones. Other classes 
of drugs include those that inhibit protein or nu­
cleic acid synthesis or cell division; agents that in­
hibit endocrine or exocrine secretion mechanisms; 
and agents that alter the biotransformation of hor­
mones by the liver. Few other bodily systems re­
quire the intricate interaction of so many compo­
nents for efficient operation. However, disruption 
of reproduction is a subtle process that may only be 
detected when fertility is desired. For this reason, 
drug effects on reproduction in a population may 
not be detected for many years. 

LIMIT ATIONS ON REPRODUCTIVE 
RESEARCH WITH DRUGS OF ABUSE 

Almost all drug abuse research has been fraught 
with contradictions and controversies. Research on 
the reproductive effects of drugs has had numerous 
methodologic and interpretive problems, and sev­
eral important questions remain unanswered. Be­
cause ethical considerations prohibit controlled 
human experiments in this area, clinical research 
has been limited to epidemiologic and retrospective 
studies, case reports, and small studies of volun­
teers. Controlled human studies seldom have been 
done. Regulations prohibit administration of drugs 
of abuse to women who might become pregnant or 
to anyone who has not previously used the drug. 
The life-styles of regular drug abusers frequently 
involve conditions that may be hazardous to gen-
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Table 1 Current Drug Use by Age Groupa 

Drug Age group 1979 1982 1985 

yr. % % % 

Alcohol 12-17 37.2 26.9 31.5 
18--25 75.9 67.9 71.5 
26+ 61.3 56.7 60.7 

Marijuana 12-17 16.7 11.5 12.3 
18-25 35.4 27.4 21.9 
26+ 6.0 6.5 6.2 

Stimulants 12-17 1.2 2.6 1.8 
18--25 3.5 4.7 4.0 
26+ 0.5 0.6 0.7 

Cocaine 12-17 1.4 1.6 1.8 
18-25 9.3 6.8 7.7 
26+ 0.9 1.2 2.1 

Hallucinogens 12-17 2.2 1.4 1.1 
18--25 4.4 1.7 1.6 
26+ <0.5 <0.5 <0.5 

a Percent of the overall household population reporting drug 
use within the past month at the time of the survey (highlights 
ofthe 1985 National Householq Survey of Drug Abuse, National 
Institute on Drug Abuse' ). 

eral health and reproductive health, such as poor 
nutrition, inadequate medical care, use of contami­
nated drug paraphernalia, and multiple drug use. 
These investigations also entail problems of ade­
quacy of the endocrine data collected, validity of 
self-reports of drug use, and possible bias in partic­
ipant interviews. Such confounding variables have 
made it difficult to detect disruptive effects on re­
productive function and to document associations 
with drug abuse practices. 

Many of the studies of drug effects on reproduc­
tion have been done using laboratory animals. In 
our opinion, the best animal model for the study of 
drug abuse effects on reproduction has been the 
nonhuman primate. Most of the reported drug-ef­
fects animal studies have been confirmed by clini­
cal observations, although there have been exam­
ples wherein the magnitude of the drug effect has 
not been that predicted in animal studies. Some of 

. the early studies in laboratory animals used drug 
dosages far in excess of those used by humans and 
reported devastating disruption of reproductive 
function. Recent developments in assay technolo­
gies have provided the means to measure blood 
concentrations of the various drugs, so that the 
drug dosages used in laboratory studies can actu­
ally reflect the usual pattern of drug use by people. 
Recent advances in our knowledge of hypotha­
lamic-pituitary-gonadal function also have pro­
vided important new insights into how the drugs 
produce their effects. These new developments 
have resulted in more accurate and reliable data 
and greater collaboration among laboratory and 
clinical studies. 
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NEUROACTIVE DRUGS AND 
HYPOTHALAMIC-PITUITARY -

GONADAL FUNCTION 

The evidence now strongly indicates that the 
major pathways involved in the hypothalamic con­
trol of gonadotropins are adrenergic and dopamin­
ergic. A multitude of pharmacologic agents can 
modify neurotransmitter levels by altering synthe­
sis, release, receptor activation, and reuptake. The 
best known drugs that produce actions of this type 
are the neuropharmacologic agents that either in­
hibit eNS activities-the anesthetics, analgesics, 
sedatives, and tranquilizers; or stimulate eNS ac­
tivities-the antidepressants, stimulants, and hal­
lucinogens (Table 2). These drugs can modify the 
hypothalamic-pituitary control of the gonadotro­
pins and prolactin (PRL) because of their action on 
eNS pathways. The changes in luteinizing hor­
mone (LH), follicle-stimulating hormone (FSH), 
and PRL concentrations can result in adverse side 
effects on the reproductive system, including 

Table 2 Pharmacologic Classes of Drugs of Abuse 

CNS stimulants 
Amphetamines 
Caffeine 
Cocaine 
Nicotine 
Phenmetrazine (Preludina) 

CNS depressants 
Anesthetics 
Barbiturates 
Benzodiazepine tranquilizers 

(Valiumb. Libriumb. 
Dalman~b; SeraxC) , 

Ethanol 
Inhalants (volatile solvents) 
Marijuana 

Psychiatric drugs 
Antipsychotics 

Phenothiazines 
(Thorazined; Mellarile) 

Butyrophenones 
(haloperidol) 

Thioxanthenes 
(Taractanb; 
Navane f ) 

Antidepressants 
Tricyclics 
MAO inhibitors 

Hallucinogens 
Lysergic acid 

diethylamide (LSD) 
Dimethyltryptamine 

(DMT) 
Mescaline 
Psylocibin 
Dimethoxyamphetamine 

(DOM;STP) 
Phencyclidine (PCP) 
Cannabinoids (THC, 

high doses) 
Opiate drugs 

Heroin 
Morphine 
Codeine, oxycodone 

(Percodan6) 
Dihydromorphone 

(Dilaudidh) 
Meperidine (Demeroli) 
Propoxyphene 

(Darvonj ) 

Pentazozine (Talwini) 
Paregoric 
Methadone (Dolophine j ) 

L-alpha-acetyl methadol 
(LAAM) 

Illicit synthetic 
narcotics ("designer 
drugs") 

a Boehringer Ingelheim, Ridgefield, CT; bRoche Products, 
Manati, PR; CWyeth Laboratories, Philadelphia, PA; dSmith, 
Kline and French Laboratories, Philadelphia, PA; eSandoz, Inc., 
East Hanover, NJ; 'Roerig, New York, NY; 6DuPont Pharma­
ceuticals, Wilmington, DE; hKnoll Pharmaceutical Co., Whip­
pany, NJ; iWinthrop-Breon Laboratories, New York, NY; iEli 
Lilly and Company, Indianapolis, IN. 
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changes in libido, sexual dysfunction, and disrup­
tion of fertility. 

Marijuana 

During the past several years, new concerns have 
arisen over the possibility of adverse effects on the 
reproductive system from marijuana use. Several 
studies show changes in reproductive hormone 
levels that are consistent with the development of 
infertility and sexual dysfunction. In response to 
these concerns, new emphasis has been given to the 
study of marijuana's effects on reproduction, and 
several significant findings, both in laboratory ani­
mals and clinical studies with human subjects, have 
contributed to our understanding. Although most 
of these studies show clear changes in reproductive 
function, there are also conflicting reports and ap­
parent inconsistencies in the findings. 

Studies with laboratory animals clearly show 
that marijuana and .;l9-tetrahydrocannabinol 
(THC), the principal psychoactive ingredient, in­
hibit secretion of the pituitary hormones, LH and 
FSH, as well as PRL. These changes in pituitary 
hormone levels produce decreases in sex steroid 
hormones. Because of its potent antigonadotropic 
activity, THC inhibits ovulation. However, ovula­
tion can be induced by exogenous gonadotropins or 
gonadotropin-releasing hormone (GnRH), even in 
the presence of high concentrations of THC, sug­
gesting that the antiovulatory effect of THC does 
not occur at the gonadal or pituitary level, but 
rather at the hypothalamic level. 

Most of the reported findings on the effect of 
marijuana and its main constituents on primate 
pituitary hormones have been obtained in the 
rhesus monkey. Acute administration of THC re­
sults in marked reductions (50% to 80%) of serum 
FSH and LH that last up to 24 hours, depending on 
the dose administered. As in nonprimate animals, 
the inhibition of gonadotropin levels by THC ap­
pears to take place at the level of the hypothala­
mus, as both LH and FSH are released from the 
pituitary gland in response to GnRH in monkeys 
treated with THC, and THC does not interfere 
with the estrogen-induced LH surge in castrate fe­
male monkeys.3 Acute administration of THC pro­
duces marked suppression of PRL levels.4 The 
maximal effect is observed between 30 and 90 min­
utes after drug treatment. It is likely that the psy­
choactive properties of THC are related to these 
effects on reproductive hormones, as nonpsy­
choactive components of marijuana have no effect 
on these hormones. 
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Several studies have examined the effects of 
marijuana and/or THC on the menstrual cycle. At 
dose levels that elicit blood concentrations of THC 
similar to those found in regular human marijuana 
users, THC disrupted the menstrual cycle in the 
rhesus monkey. When THC was given during the 
follicular phase, ovulation was inhibited and hor­
mones remained at basal levels throughout the 
treatment cycle,5 and when THC was given during 
the luteal phase, only slight changes were observed 
in the hormones of the treatment cycle,6 but in both 
cases there was a continued disruption following 
cessation ofthe drug treatment. Normal ovulation 
and hormonal concentrations were restored several 
months after the cessation of THC administration. 
Simultaneous administration of exogenous gonad­
otropins during chronic treatment with THC in­
hibits the drug effect. Ovulation was restored and 
normal hormone concentrations were observed. 
These studies further demonstrate that the antio­
vulatory effect of THC in the nonhuman primate 
does not occur primarily at the ovarian level. 7 The 
mechanism for the prolonged disruption of the 
menstrual cycle after discontinuation of short­
term THC treatment is not known. PRL levels, 
which were markedly elevated during this post­
treatment period, may be involved. 

Further studies in monkeys examined the effect 
of continuous THC treatment on the menstrual 
cycle and the development of tolerance to the drug 
effects.8 All monkeys exhibited normal hormone 
concentrations and ovulation during the control 
and vehicle treatment cycles, and menstrual cycle 
lengths were within normal limits of the colony. 
The monkeys were given THC (2.5 mg/kg or 1.25 
mg/kg) three times per week. After the drug injec­
tions began, none of the monkeys ovulated or 
showed normal hormone levels. The duration of 
the drug effect (days until next normal menstrua­
tion) was 135, 110, and 103 days for the monkeys 
treated with the 2.5 mg/kg dose of THC and 120 
and 70 days for the monkeys treated with the 1.25 
mg/kg dose. After tolerance to the drug effects de­
veloped, normal cycles were re-established. Ovula-

. tion was again detected by laparoscopy and normal 
concentrations of gonadotropins and steroids were 
observed. Comparisons were made of PRL concen­
trations during control cycles, during the period of 
disruption, and after menstrual cycles were re­
stored. There were no significant differences in 
PRL concentrations. The previously observed ele­
vations in PRL levels following discontinuation of 
short-term drug treatment were not observed with 
chronic drug treatment. Since both gonadotropins 
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and sex steroids were at basal levels during the 
period of disruption, it is likely that THC inhibited 
the hypothalamic control of pituitary activity; how­
ever, with chronic drug treatment, tolerance de­
velops to this inhibitory effect of THC and normal 
cycles are re-established. Pharmacokinetic data 
from this study showed no increase in drug metab­
olism or clearance that could have produced toler­
ance. Thus, it is likely that the tolerance that de­
velops to the reproductive effects of THC is due to 
adaptation of neural mechanisms in the hypothal­
amus. 

These studies in rhesus monkeys are consistent 
with the clinical studies of young women who regu­
larly use marijuana. Twenty-six women who re­
ported using marijuana at least four times per week 
were compared with 16 age-matched controls who 
stated that they had never used marijuana. Mari­
juana users had shorter menstrual cycles and 
shorter luteal phases.9 A recent double-blind study 
demonstrated the acute suppression of LH con­
centrations when women smoked marijuana during 
the luteal phase of the menstrual cycle. lO These 
women smoked a single 1-gm marijuana cigarette 
containing 1.8% THC, and LH concentrations were 
decreased by 30%. Placebo cigarettes caused no 
change in LH concentrations. Additional studies 
indicate the development of tolerance and return to 
apparently normal hormone concentrations in 
young women who regularly used marijuana. ll It is 
clear now that development of tolerance must be 
considered as a variable in reproductive studies in 
young men and women who use marijuana and may 
help to explain some of the conflicting data in 
human and laboratory animal studies. 

In male laboratory animals, acute or chronic ad­
ministration of THC results in lower serum con­
centrations of testosterone (T).12 In the male 
rhesus monkey, a single dose of THC causes a sig­
nificant decrease in blood levels of T as early as 60 
minutes after administration; this decrease lasts as 
long as 24 hours. The decrease in T can be reversed 
by administration of human chorionic gonadotro­
pin (hCG) (indicating that THC does not directly 
inhibit testicular synthesis of T) and by GnRH 
(suggesting a lack of effect at the pituitary gland).13 
Studies with chronically exposed male monkeys 
show that tolerance develops to the hormonal ef­
fects of THC. After tolerance develops, testoster­
one levels are still decreased by THC treatment, 
but for shorter periods of time. 

Conflicting reports exist on the effects of mari­
juana on T concentrations in men. Kolodny et aU4 
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reported a lowering of plasma T in heavy mari­
juana users as compared with age-matched con­
trols who had never used marijuana. A later, well­
controlled prospective study failed to confirm ear­
lier findings. 15 Studies of hormone levels in 
marijuana users are hard to interpret. The actual 
amount of drug that reaches the circulation can be 
evaluated only by careful measurement of THC 
levels in the blood. Concentrations of T vary con­
siderably even in normal men, so it is difficult to 
evaluate the biologic significance of drug-induced 
changes when they do occur. Other questions re­
main to be answered, including what role tolerance 
plays in the effects of THC on hormone levels in 
men and what are the possible effects of even mod­
erate changes in sex hormones on fertility and sex­
ual function in men. 

The effects of marijuana and THC on spermato­
genesis has been studied in humans and laboratory 
animals. Studies in laboratory rodents16,17 and in 
dogs18 have shown that chronic treatment with 
marijuana or THC can cause decreased testicular 
size, degenerative changes in spermatogenesis, and 
abnormal sperm morphology. In vitro studies have 
shown that cannabinoids inhibit protein and nu­
cleic acid synthesis and glucose metabolism in the 
rat testes. Inhibition is greatest in the seminiferous 
tubule cells.19,2o Inhibition of these processes could 
account for the decreased sperm production asso­
ciated with marijuana exposure in animals. Several 
studies have examined sperm counts and sperm 
morphology in men who are chronic marijuana 
users. Kolodny et al.14 first reported that 6 out of 17 
chronic marijuana smokers had sperm counts 
below 30 X 106 /ml. Hembree et al.21 studied chronic 
marijuana smokers in a hospital setting. Subjects 
smoked up to a minimum of ten cigarettes per day 
(each containing 20 mg of THC) for a 4-week pe­
riod. Sperm counts were significantly lowered after 
the treatment period. In a later study, Hembree et 
al. 22 conducted a similar study in men with an ini­
tial sperm count of> 100 million and normal sperm 
motility. As in the previous study, sperm concen­
trations were significantly lower during the 2 weeks 
after the 4-week smoking period (motility not stud­
ied) and had returned to normal by 3 to 4 weeks 
after marijuana smoking ceased. In summary, stud­
ies in which animals were treated with marijuana 
or THC are consistent with studies in humans who 
use marijuana. Both show decreased sperm produc­
tion following chronic marijuana use. The signifi­
cance of these observations is unclear, since there 
are no clinical studies evaluating the effects of 

Fertility and Sterility 



marijuana on infertility in men. It is clear from the 
current evidence that marijuana use should be con­
sidered as a factor that may contribute to unex­
plained infertility in men. 

Cocaine 

Cocaine is a CNS stimulant, acting mainly on the 
catecholamine neurotransmitters. Cocaine acts pe­
ripherally to inhibit nerve conduction (local anes­
thetic) and to prevent norepinephrine uptake at 
nerve terminals. Increased concentrations of nor­
epinephrine at the nerve terminals causes vaso­
constriction and tachycardia with an abrupt rise in 
blood pressure. Some reports indicate that cocaine 
may actually heighten sexual powers and sexual 
arousal temporarily. Cocaine has been applied topi­
cally to male and female genitalia to increase sex­
ual performance in human males, probably due to 
its effect as a local anesthetic, thereby prolonging 
erection and delaying ejaculation. In addition, 
many claims that cocaine is an aphrodisiac may be 
attributed to the fact that, like other CNS drugs, it 
suppresses inhibitions. The acute effect of cocaine 
at low to moderate dosages is an increase in LH, 
whereas at higher doses, cocaine appears to inhibit 
LH release.23,24 Therefore, at low to moderate dos­
ages, an increase in T should be expected, and at 
higher dosages, T levels should be inhibited. Stud­
ies in female ovariectomized rats show that moder­
ate doses (10 to 20 mg/kg of cocaine) increase and 
high doses (40 mg/kg cocaine) decrease serum LH. 
FSH was unaffected at any dosage, whereas serum 
PRL levels were decreased by cocaine at either dos­
age leve1.25 The effects of cocaine on LH and PRL 
appear to be due, in part, to their effect on the 
neurotransmitters, norepinephrine and dopamine. 
Cocaine prevents reuptake of released norepineph­
rin1:l at nerve endings, leading to increased levels of 
neurotransmitter in the nerve terminals and en­
hanced effect. Cocaine also has been shown to 
block the reuptake of dopamine. Inhibition of PRL 
and stimulation of LH release by cocaine may be 
due to these actions on neurotransmitters. It is not 
known whether pharmacologic stimulation of go­
nadotropin release and inhibition of PRL release 
can cause disruption of reproductive function in 
humans. It is likely that chronic cocaine use would 
result in temporary depletion of hypothalamic neu­
rotransmitters and inhibition of gongdotropins and 
elevated PRL concentrations; however, no studies 
on the effects of cocaine on reproductive hormones 
in humans have been published. This may be be-
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cause the other life-threatening toxicities of co­
caine on other bodily systems and the clear risk of 
cocaine dependency overshadow the concern about 
effects on reproductive hormones. 

Narcotics 

The effects of narcotic drugs on reproductive 
function have been observed in heroin addicts. 
Clinical manifestations, such as decreased sexual 
desire and performance, menstrual irregularities, 
and infertility among narcotics users are attri­
buted, in part, to altered gonadal functions.26-28 

Acute doses of morphine have been found to 
prevent ovulation in laboratory animals,29 and 
chronic doses of morphine or heroin totally disrupt 
the estrous cycle in rodents and the menstrual 
cycle in women.26,30 It is clear that the narcotics 
produce these disruptions in female ~eproductive 
function by altering reproductive hormone levels. 
Significant reductions in both serum LH and FSH 
have been observed in narcotic-treated female ro­
dents and humans. 

Heroin addicts have decreased fertility and atro­
phy of male accessory sex organs. Similar findings 
were observed in laboratory animals, with marked 
decreases in seminal vesicle and prostate weights in 
narcotic-treated rats. This disruption of male fer­
tility by narcotics appears to be produced by alter­
ation of reproductive endocrine function; however, 
serum concentrations of FSH and LH in male ad­
dicts have been reported as unchanged,31 signifi­
cantly decreased,32 or slightly increased.33 In ro­
dents, significant decreases in LH levels were ob­
served after administration of morphine.34 

Studies in the male rhesus monkey described the 
effect of acute morphine administration on plasma 
LH and T levels.35 In these studies, morphine sul­
fate (0.25 to 1.0 mg/kg) or saline vehicle was given 
to adult monkeys by an intravenous injection 
through an indwelling jugular catheter. Significant 
decreases in LH levels were observed 40 to 100 
minutes after drug treatment. LH levels remained 
below pretreatment levels for at least 140 minutes. 
Significant depressions in plasma T levels occurred 
by 80 minutes after morphine administration, and 
T remained significantly depressed for at least 100 
minutes. The decrease in LH levels preceded the 
depression of circulating T by approximately 40 
minutes. This difference in time of drug effect on 
the hormones corresponds with the typical physio­
logic lag period between LH changes and subse­
quent T changes. 
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The majority of current evidence concerning the 
opioid-induced decrease in plasma T levels sug­
gests a CNS-mediated action. A lack of a direct 
testicular effect is supported by studies in monkeys 
pretreated with hCG to remove the effects of en­
dogenous LH on T production.35 Morphine admin­
istration subsequent to hCG had no direct effect on 
T levels. Numerous studies indicate that narcotics 
act via the hypothalamus and not through a direct 
pituitary effect. GnRH, administered to monkeys 
after the administration of morphine, produces a 
LH response that is indistinguishable in magni­
tude, duration, and time of onset from that ob­
served in monkeys pretreated with vehicle.36 The 
absence of a direct pituitary effect of narcotics has 
been demonstrated further by in vitro studies in 
which addition of morphine sulfate to an incuba­
tion system containing rat anterior pituitary tissue 
had no effect on gonadotropin release stimulated 
by GnRH.37 Thus, it appears that the effects of 
narcotics on gonadotropin levels are elicited at a 
level above the pituitary, probably involving modu­
lation of the endogenous opioid peptides (EOP). 
Studies have been done using the EOP and opioid 
drugs to evaluate the interaction of EOP with re­
productive endocrine function. Administration of 
the Leu -enkephalin analog D-Ala2 ,D-Leu5 -enkeph­
alin to male monkeys decreased both T and LH 
levels.36 This decrease in LH concentration is con­
sistent with decreases observed in normal human 
males administered a Met-enkephalin analog.3s In 
contrast, no statistically significant alterations in 
plasma LH levels were observed in male monkeys 
administered a 10.0-mg/kg dose of beta-endorphin; 
however, studies in human male volunteers admin­
istered a 40 mg/kg dose of beta-endorphin showed 
a decrease in serum LH.39 When compared on a 
relative basis, the pharmacologic effects of mor­
phine and various EOP may be used to infer dif­
ferential actions on these various narcotic receptor 
subtypes. Morphine has been shown to have great­
est selectivity for mu receptors; D-Ala,2 D-Leu5-en­
kephalin is delta-selective; and beta-endorphin has 
about equal actions upon mu and delta receptors. 
When compared on a molar basis, these findings 
suggest that the receptor subtypes responsible for 
opioid-induced inhibition of plasma LH are delta. 
Further studies have been done using the opiate 
receptor antagonist, naloxone. Naloxone adminis­
tration produces increases in plasma LH levels, 
presumably by blocking the tonic inhibitory effects 
of the EOP. This effect has been demonstrated 
with naloxone administration in humans,4o.41 mon-
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keys,36 and rats.42 When administered to monkeys 
after pretreatment with opioids, naloxone com­
pletely reversed the opioid effects and produced 
increases in plasma LH levels that did not differ 
significantly from those seen with naloxone alone. 
These results indicate that naloxone can reverse 
the tonic inhibitory effect of the EOP on gonado­
tropin secretion and that this effect is mediated 
through opiate receptors. The precise mechanism 
by which opioids modulate neuroendocrine func­
tion is unknown. The most likely mechanism would 
appear to involve one of the various putative syn­
aptic transmitters that regulate hypothalamic en­
docrine neurons.43-45 

Alcohol 

Alcohol is another example of a commonly 
abused drug that affects the reproductive system. 
Its effects on reproduction have been studied pri­
marily in male subjects. In a study of 16 normal 
men, LH and T levels were determined during a 
period of acute alcohol intoxication.46 Careful 
monitoring of both T and LH levels demonstrated 
that the primary effect of alcohol is on the testicu­
lar synthesis and secretion of T. Both ethanol and 
its major metabolite, acetaldehyde, inhibit the tes­
ticular enzymes involved in T synthesis.47 This tes­
ticular effect of alcohol is worsened by the in­
creased metabolic clearance rate of T by the liver, 
which also is caused by acute alcohol consump­
tion.4s As expected, male alcoholics and animals 
treated chronically with alcohol produce less T and 
have lower serum T levels.49.5o Multiple endocrine 
abnormalities are seen in men with alcoholic cir­
rhosis. Hypogonadism and gynecomastia are com­
mon manifestations of alcoholic cirrhosis in men. 
These manifestations emphasize how important 
normal liver function is to the maintenance of re­
productive function. With destructive liver disease, 
the pattern of circulating sex steroids changes. In­
creased levels of estrogenic steroids are observed in 
these men. These estrogenic steroids secondarily 
suppress gonadotropins and T production and in­
hibit the functioning of accessory sex glands.49 

Thus, the primary toxic effect of alcohol appears 
to be testicular.51 Reduction in circulating T con­
centrations and decreased responsiveness to exoge­
nous hCG are consistent with Leydig cell damage. 
This does not preclude inhibition of hypothalamic­
pituitary function as being involved in alcohol-re­
lated effects. LH concentrations tend to be normal 
in alcoholics instead of being elevated as might be 
expected, and there is good evidence of a dual effect 
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on gonadal and hypothalamic-pituitary function in 
men with alcoholic liver disease.52 

Alcohol can directly inhibit penile tumescence 
and ejaculatory capability through a direct action 
on spinal reflex centers.53,54 In alcoholic and nonal­
coholic men, a blood alcohol level of 40 to 50 
mg/dl inhibits penile tumescence, and with a blood 
alcohol level of above 100 mg/dl, penile tumescence 
is almost completely inhibited. Chronic alcoholism 
may result in permanent impotence in men, even 
after years of sobriety.55 

Both acute and chronic alcohol exposure can 
cause abnormal spermatozoa. After acute alcohol 
consumption (0.4 to 0.8 gm/kg), sperm samples 
from a group of men revealed spermatozoa with 
heads broken off, tails curled, and distended mid­
sections.56 Sperm specimens from alcoholic men 
able to produce an ejaculate were grossly abnormal 
with fewer total cells and many abnormal cells.50 

A few studies have examined the effects of alco­
hol on reproductive hormones in the female. Alco­
hol does appear to inhibit gonadal activities in fe­
male rodents.57,58 These effects may not be as pro­
nounced in women and laboratory primates. In 
clinical studies, there was no significant effect of 
acute alcohol ingestion on either sex steroids or 
gonadotropins.59 A similar lack of effect was ob­
served in female rhesus monkeys when alcohol was 
administered at various phases of the menstrual 
cycle.60 These results demonstrate that women and 
female nonhuman primates may be less sensitive to 
the acute gonadal effects of alcohol, although fe­
males may not be less vulnerable to the toxic ef­
fects of chronic alcohol use on reproductive endo­
crinology. Chronic use of alcohol and alcoholism 
have been related to infertility61,62 and menstrual 
disorders in women,63,64 and disruption of repro­
ductive function has been shown with alcohol self­
administration in female monkeys.65 

Other Central Nervous System Drugs 

The barbiturates are classified pharmacologi­
cally as sedative-hypnotic agents. They are general 
depressant drugs, and the CNS has a particular 
sensitivity to this effect. Although the exact mecha­
nism of action is not known, barbiturates are 
known to depress neural activity in various brain 
regions. Their potent depressant effects have made 
them popular as drugs of abuse, both for their seda­
tive effects and for the effect they produce in com­
bination with other drugs of abuse. Barbiturates 
have been used as anesthetic agents in reproduc-
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tive studies in laboratory animals for many years. 
These studies provided the description of the inhib­
itory effects of these drugs on reproductive hor­
mones, observations that resulted in the use of 
these drugs as important tools in the study of re­
productive function. Most of these investigations 
concerned the neuroendocrine control of female 
reproductive cycles, but some information is avail­
able on the effects of barbiturates in male animals. 

The general effect of barbiturates is an inhibition 
of both LH and FSH, with subsequent depression 
of steroid hormone secretion. Barbiturate anesthe­
sia blocked both spontaneous and steroid-induced 
LH release in rats66 and hamsters.67 In these ani­
mals, the spontaneous release of LH is controlled 
by the light-dark cycle and occurs at a specific hour 
and day of the estrous cycle. Prolonged barbiturate 
anesthesia did not block the steroid-induced LH 
surge in rhesus monkeys.68 This suggests that bar­
biturates act on neural elements-in the medial 
preoptic area-that generate the circadian stimu­
lus mediating LH release and not at the medial 
basal hypothalamus, where steroid hormones have 
their action. The effect of barbiturate anesthesia in 
male animals is similar to the effect in females. 
Phenobarbital inhibits gonadotropin secretion and 
blocks the rise in serum gonadotropin levels that 
normally follows castration.69 Both of these effects 
can be reversed by the administration of GnRH. 
LH secretion and ovulation can be restored in bar­
biturate-treated animals by infusion of GnRH, in­
dicating a hypothalamic site of action for the barbi­
turates.70 Studies in both male and female animals 
showed that barbiturate pretreatment can even 
potentiate the effect of GnRH on LH release.69,71 

The effect of barbiturates on PRL concentra­
tions is less well established. Nonspecific stresses, 
such as anesthesia and blood drawing, increase 
PRL release. Studies employing these techniques 
in the evaluation of PRL concentrations are diffi­
cult to interpret. Acute administration of barbitu­
rates in relatively small doses appears to cause the 
release of PRL.72,73 However, barbiturate anesthe-

. sia blocks the release of PRL caused by ether or 
estrogen administration.74 

An additionally well-recognized effect ofthe bar­
biturates is stimulation of hepatic mixed-function 
oxidases. The same enzyme systems are involved in 
the metabolism of the steroid hormones. Thus, the 
barbiturates have the potential for disrupting re­
productive hormones by several mechanisms. Such 
effects have not, however, been demonstrated in 
clinical studies. 
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Phencyclidine hydrochloride (PCP) was one of a 
group of related drugs developed as anesthetic 
agents and animal tranquilizers. PCP is now a fre­
quently abused drug commonly referred to as 
"angel dust." It has been classified as a schedule I 
controlled substance, and legal manufacture and 
sale of the drug was discontinued in 1978. 

Many areas of the brain are affected by PCP. It 
has been shown to alter the catabolism, steady 
state levels and turnover rates of a number of neu­
rotransmitters in the CNS, and current evidence 
indicates that the effects of PCP are caused by 
alterations in the function of several neurotrans­
mitters. There have been several investigations of 
the effect of PCP and ketamine (a PCP analog) on 
reproductive hormones. Ferin et al. 75 showed that 
release of LH, growth hormone, and PRL persisted 
under prolonged sedation with PCP, but the secre­
tion of PRL in response to the administration of 
thyrotropin-releasing hormone (TRH) was in­
creased in animals under sedation. Zaidi et al.76 

reported that serum T levels and production rates 
were not significantly different in conscious or ket­
amine-anesthetized male rhesus monkeys. Numer­
ous endocrine studies in laboratory primates have 
used PCP or ketamine as an anesthetic agent for 
minor surgical and blood-drawing procedures be­
cause these agents have less effect on reproductive 
hormones than do other anesthetic agents. 

Another study examined the acute and chronic 
effects of PCP on reproductive hormone levels in 
male rats. Acute administration of PCP at recre­
ational dosage levels produced only a slight de­
pression of serum T and LH levels. However, both 
hormones were strongly reduced after nine daily 
treatments, and after discontinuation of drug 
treatment, both hormones were significantly ele­
vated above control levels and returned to normal 
value by 60 days. A similar period of elevated serum 
T and LH was found in adult male rats that re­
ceived nine daily injections of PCP during sexual 
maturation. The magnitude of the increased hor­
mone levels in the PCP-treated juvenile rats was 
several times that of the rats that received the drug 
as adults, and the period of elevation persisted for 
80 days.77 It is not known whether PCP inhibits 
reproductive hormones in humans. 

Summary 

It is clear that a number of CNS agents, includ­
ing drugs of abuse, can inhibit reproductive func­
tion. Figure 1 shows the chemical diversity of some 
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Figure 1 Representative chemical structures of the drugs of 
abuse and steroid reproductive hormones. 

of the drug groups that affect reproductive hor­
mones. Their structural dissimilarity to the steroid 
hormones is also readily apparent in the figure. 
These chemically diverse drugs share an important 
pharmacologic property: they are highly potent 
neuroactive drugs, and they can disrupt hypotha­
lamic-pituitary function. Although it is frequently 
difficult to distinguish between direct drug actions 
on the hypothalamic-pituitary axis and subsequent 
effects on gonadal hormones and sex accessory 
gland function, the distinction is an important one. 
Most neuroactive drugs produce only transient ef­
fects on the central nervous pathways necessary 
for normal gonadotropin secretion. The disruptive 
effects of these drugs are likely to be transient and 
completely reversible, and tolerance to the inhibi­
tory drug effects may occur even with continued 
drug use. Under these circumstances, normal 
adults may experience only subtle changes in sex­
ual function. However, individuals with compro­
mised reproductive function may exhibit major 
problems. It is also likely that adolescents may be 
at substantial risk for reproductive damage from 
these neuroactive drugs since the endocrine events 
associated with puberty are dependent on the nor­
mal development of the hypothalamic-pituitary 
axis. 
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DRUG ABUSE EFFECTS ON PREGNANCY 
AND FETAL/PERINATAL DEVELOPMENT 

It is well recognized that drugs taken during 
pregnancy can produce devastating effects on fetal 
development. Dysmorphic teratology is considered 
to be the major risk associated with drug use in 
pregnancy, but additional concern is behavioral 
teratology. Behavioral effects are less obvious and, 
therefore, not as easily recognized as dysmorphic 
effects. Although most drugs of abuse do not pro­
duce obvious congenital malformations, there is 
increasing evidence of neurologic and behavioral 
effects that can impair a child's development. Re­
cent developments in the methods used to evaluate 
neonatal behavior and neurologic development are 
providing a better understanding of behavioral ter­
atology. 

The maternal-placental-fetal unit is a complex 
pharmacologic model. Each component is an inde­
pendent and dependent contributor to the overall 
picture of drug disposition and toxicity. Addition­
ally, the pharmacologic and physicochemical prop­
erties of the drug(s) or its metabolites can play an 
important role in the development of teratologic 
effects. Drug abuse frequently represents an opti­
mal combination of the factors favoring adverse 
effects on pregnancy (Table 3). The drugs produce 
potent and reinforcing CNS effects on the preg­
nant mother. She is likely to use them frequently 
and throughout pregnancy. The highly potent CNS 
drugs that readily cross the blood-brain barrier 
(lipid-soluble; low molecular weight) also readily 
cross the placenta. The preferred routes of admin­
istration (intravenous or inhalation) produce high 
serum concentrations that may not undergo first­
pass metabolism and may cross the placenta in 
large quantities. The illicit drugs of abuse are 
readily available, but they are expensive and fre­
quently contain toxic contaminants. Most drugs of 
abuse have pharmacologic actions that are unde­
sirable in pregnancy, apart from their direct feto­
toxic actions. Both stimulants and depressant 
drugs can decrease appetite and result in inade­
quate nutrition during pregnancy, and the cardio­
vascular effects of the drugs can hinder placental 
circulation and placental metabolic function. At 
birth, the drugs can persist in fetal circulation and 
interfere with neonatal adaptation. Most of the 
drugs of abuse have no specific antagonist for neo­
natal resuscitation and certain drugs cause a new­
born abstinence syndrome. Maternal drug abuse 
that continues after the pregnancy can result in 
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Table 3 Teratogenic Potential of Drug Abuse 

Maternal factors 
Amount and duration of drug use 
Poly· drug abuse 
Routes of administration of drugs 
Altered pharmacokinetics in pregnancy 
Prenatal medical care 
Parenting abilities 

Placental factors 
Placental transfer of drugs 
Placental metabolism of drugs 
Direct placental toxicity of drugs 

(e.g., effects on placental growth and development and 
effects on placental circulation) 

Fetal factors 
Genetic susceptibility to drug toxicity 
Stage of embryoniclfetal development 
Immaturity of drug biotransformation activities 

Drug factors 
Pharmacologic actions 
Potency 
Contaminants in illicit drugs 

continued drug exposure of the infant during nurs­
ing and disruption of infant care. 

Since drug abuse has such a potential for harm­
ful effects on pregnancy, it is perhaps surprising 
that the associations are not well documented in 
the clinical literature. There are several reasons 
why this is not the case. Drug and alcohol depen­
dency in pregnancy has been described as one of 
the most frequently missed diagnoses in obstetrics. 
This situation could be significantly improved with 
routine urine toxicology during prenatal visits. Ex­
cellent guidelines recently have been published for 
the recognition, management, and/or referral to 
treatment facilities for drug dependence in preg­
nancy.78 Even the research on drug abuse in preg­
nancy reflects a somewhat ambivalent approach to 
the problem. Many of the studies are retrospective, 
based on the recall of the pregnant woman during 
or after the pregnancy. Prospective studies are 
complicated by the intervention strategies that at­
tempt to persuade women to discontinue or modify 
their drug use to minimize the risk to the preg­
nancy and unborn child. Statistical interpretation 
of all of the studies is overwhelmed by the presence 
in the subjects and controls of other serious risk 
factors, so we may never learn the independent risk 
of drug abuse in pregnancy. The studies are further 
complicated by the inability to perform the types of 
research on the fetus that might yield data on drug 
effects on human development. Despite the limita­
tions of such studies, there are some useful obser­
vations that show the risks of drug abuse during 
pregnancy. 
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Effects on Pregnancy Hormones 
and Length of Gestation 

There is convincing evidence that the neuroac­
tive drugs of abuse can inhibit both gonadotropins 
and sex steroids during the menstrual cycle. It is 
reasonable to presume that similar inhibitory ef­
fects on chorionic gonadotropins and sex steroids 
may occur if these drugs are used during preg­
nancy. Inhibition of pregnancy hormones could re­
sult in a range of toxicities from insufficient pla­
cental growth and function to pregnancy termina­
tion. In order to determine whether such toxicities 
are produced through a disruption of the endocrine 
function of the placenta, careful endocrine studies 
must be done throughout the course of the preg­
nancy and in close proximity to the episodes of 
drug use. Such studies are difficult to accomplish, 
particularly with the illicIt drugs. There are, how­
ever, several studies that indicate that disruption 
of pregnancy hormones may be partly responsible 
for some of the problems when marijuana is used 
during pregnancy. 

The extent of marijuana use by pregnant women 
is thought to be comparable to the estimated 14% 
of women (ages 18 to 25) who use marijuana in the 
general population. This is sufficient to represent a 
serious health hazard if marijuana is found to have 
a deleterious effect on pregnancy or fetal growth 
and development. Several studies have presented 
evidence linking certain maternal and fetal risk 
factors with marijuana use during pregnancy. A 
prospective study examined women who reported 
use of marijuana before and/or during pregnancy. 79 

Infants born to heavy users showed significantly 
more symptoms of CNS immaturity (inability to 
self-quiet, heightening oftremors and startles, fail­
ure to react to visual stimuli). A recent study exam­
ined the effect of marijuana use during pregnancy 
On length of gestation and infant birth weight.80 
Compared to nonuse, an average use of marijuana 
six or more times per week during pregnancy was 
associated with a significant reduction in the length 
of gestation after consideration of the effects of 
nicotine, alcohol, parity, prepregnancy weight, and 
sex of the infant. Among heavy marijuana users, 
the effect on gestation length was dose-dependent. 

An examination of labor and delivery of mothers 
who had used marijuana during pregnancy demon­
strated an increased incidence of meconium in the 
amniotic fluid in the newborn infants. Need for 
neonatal resuscitation was also greater, particu­
larly when the mother had used marijuana close to 
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delivery.81 When Hingson and associates examined 
the effects of using marijuana, alcohol, or both 
during pregnancy, they found a relationship be­
tween maternal marijuana smoking and poor fetal 
development.82 Women who used marijuana during 
pregnancy delivered infants with significantly de­
creased birth weight, body length, and head cir­
cumference, and these infants were five times more 
likely to have dysmorphic features usually asso­
ciated with fetal alcohol syndrome. 

The effect of THC, the principal psychoactive 
component in marijuana, has been studied in preg­
nant rhesus monkeys.83 The THC or vehicle was 
administered during different periods of gestation 
and effects on pregnancy outcome and hormone 
concentrations during pregnancy were studied. 
The most obvious effects were observed when THC 
was administered from early in the pregnancy. 
Three of the five pregnancies were aborted within 
days after the drug injections began; one pregnancy 
resulted in stillbirth at term; and one pregnancy 
resulted in the birth of an infant of normal size and 
appearance. The three abortions were associated 
with a premature decrease in chorionic gonadotro­
pin and progesterone (P) concentrations. Estradiol 
(E2) concentrations were significantly higher than 
in vehicle control pregnancies in the two pregnan­
cies that continued until term. Daily THC admin­
istration during the middle or third portions of 
gestation resulted in less pregnancy loss (one pre­
mature birth and four live births at term with THC 
treatment during the middle portion; two prema­
ture births and three live births at term with THC 
treatment during the third portion of gestation). 
All of the premature infants died within 2 weeks of 
birth of the complications of prematurity. The 
weights of the infants at birth and weaning were 
not significantly different for the full-term infants 
of vehicle control pregnancies and full-term infants 
that were exposed to THC during gestation. Since 
no effects on intrauterine growth and development 
were detected (by ultrasound) in the drug-treated 
pregnancies, the most likely cause of the early 
pregnancy loss was disruption of placental endo­
crine function. 

There is evidence that a LH-releasing hormone­
like hormone of placental origin controls the se­
cretion of chorionic gonadotropin in human and 
nonhuman primates.84 It is reasonable to postulate 
that the inhibitory effects of THC on placental 
function early in pregnancy are due to an effect on 
the placental LH-releasing hormone-like sub-
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stance in a manner similar to its effect on hypotha­
lamic LH-releasing hormone. If, in the monkey 
studies, the THC administration began after the 
physiologic decline in macaque chorionic gonado­
tropin (mCG), no effect on P concentrations was 
observed, and no effect on mCG or P concentra­
tions was observed during the remainder of the 
pregnancy. The implication is that there is a criti­
cal interval for the inhibition of mCG by THC ad­
ministration. This fact may explain why Braun­
stein et al.85 observed no significant differences in 
hCG concentrations or outcomes of pregnancy in 
women who used marijuana during pregnancy and 
those who did not. 

Effects on Fetal Growth, Development, and 
Malformations: The Fetal Alcohol Syndrome 

Fetal alcohol syndrome (FAS) was first recog­
nized as a syndrome in 1973.86,87 Unlike other 
problems associated with drug abuse in pregnancy, 
F AS is a clinically observable entity with specific 
parameters for diagnosis. Three parameters make 
up the primary presentation of FAS: (1) prenatal 
growth deficiency in length and weight; (2) micro­
cephaly; and (3) short palpebral fissures. Infants 
with F AS are small for their gestational age and, 
unlike other small infants, they remain small for 
their age through childhood. 

A prospective study of over 800 women examined 
the effect of maternal drinking during pregnancy 
using regression analysis, which adjusted for such 
factors as smoking, maternal height, maternal age 
and parity, gestational age, and sex of the child. 
This study found that, for each ounce of alcohol 
consumed per day during late pregnancy, there was 
a resultant depression in birth weight of 160 gm.88 
Numerous studies have confirmed alcohol use dur­
ing pregnancy as a risk factor for intrauterine 
growth retardation.2,89,9o There also is the possibil­
ity that drinking prior to pregnancy may have re­
sidual effects on subsequent prenatal growth. Lit­
tle et al.91 found that birth weights of children born 
to alcoholic women who abstained during preg­
nancy were about 260 gm below those infants of 
nonalcoholic women, and the average birth weights 
for infants of alcoholic women who drank during 
pregnancy was about 490 gm below normal. Other 
risk factors related to alcohol use during pregnancy 
may contribute to the decreased birth weight. In 
one study, maternal smoking was found to have an 
additive effect to that of alcohol.2 Alcohol abuse 
alone resulted in a 2.4-fold increase in intrauterine 
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growth retardation, smoking had a 1.8-fold in­
crease, and the combination of alcohol abuse and 
smoking was associated with a 3.9-fold increase. 
Since chronic alcoholics tend to be undernour­
ished, it is possible that growth deficiency in F AS 
may be due, in part, to alcohol-related nutritional 
deficiencies.92 Alcohol impairs absorption and me­
tabolism of nutrients, vitamins, and minerals.93 Al­
though animal studies that use "pair-feeding" tech­
niques minimize the importance of altered nutri­
tion in the production of F AS, 94 alcohol-related 
inllibition of transport across membranes may be 
important in the nutritional contribution to F AS.95 
Thus, altered nutrition cannot be ruled out as an 
indirect factor in FAS. Other alcohol-related ill­
nesses, socioeconomic conditions, and related 
stresses also may contribute to the toxic effects of 
alcohol abuse. However, unlike infants of the 
women in many of the drug-abuse studies, infants 
of alcoholic women who come from mostly Cauca­
sian, middle socioeconomic backgrounds clearly 
demonstrate the manifestations of F AS.88 

It was the similarity of the facial features asso­
ciated with F AS that first drew clinical attention to 
the syndrome. Clarren and Smith96 noted that the 
key facial features are short palpebral fissures, hy­
poplastic upper lip with thinned vermilion, a di­
minished-to-absent philthrum, and, frequently, 
midfacial and mandibular growth deficiency. The 
facial features of F AS are thought to result from 
midfacial hypoplasia. Studies in an animal model 
have shown that facial features similar to F AS can 
be produced in mice when exposure occurs during 
the gastrulation stage of embryogenesis.97 Other 
anomalies include cardiac septal defects,98 skeletal 
defects,99 urogenital defects,lOo and structural and 
developmental anomalies of the brain and spinal 
cord.101 Behavioral teratology is another remark­
able feature of the F AS. There is good evidence 
that children born to alcoholics are at risk for var­
ious behavioral problems, the most serious of 
which is mental retardation. Studies in laboratory 
animals demonstrate deficits in learning/memory 

. function with prenatal exposure to alcohol.102,103 
F AS represents a spectrum of anomalies that are 

manifest to a different extent in different individ­
uals. The full FAS is seen only in some of the in­
fants of chronic alcoholic women. Other infants of 
alcoholic mothers have few or none of the fetal 
alcohol affects. A recent study discovered one dif­
ference in alcoholic women whose infants had F AS 
and those who did not. Women who gave birth to 
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infants with F AS had lower E2 and estriol concen­
trations throughout pregnancy and tended to have 
lower P concentrations than those alcoholic women 
whose infants did not have F AS. PRL levels were 
elevated in all alcoholic women, and hCG concen­
trations were not different in alcoholic women and 
abstinent women.104 

The actual mechanisms by which alcohol pro­
duces the effects of fetal alcohol exposure are un­
known. The mechanism by which alcohol produces 
the growth-retarding effect may be different from 
the mechanism that produces congenital abnor­
malities. Since there are no clear relationships be­
tween quantity of alcohol used during pregnancy 
and the severity of the F AS, it is reasonable to 
presume that factors such as maximum blood alco­
hol concentrations, stage of gestational develop­
ment, adequacy of nut~ition before and during 
pregnancy, smoking, and other drug use in preg­
nancy contribute to the severity of F AS. Attempts 
have been made to establish a safe level of alcohol 
use in pregnancy, but with so many uncertainties, 
such information is speculative. In 1981, the Sur­
geon General of the United States recommended 
that women abstain from alcohol throughout preg­
nancy. 

Complications of Pregnancy and Labor/Delivery 

Heroin addiction was once the only major drug 
abuse concern in the treatment of pregnant pa­
tients. At the present time, cocaine addiction (ei­
ther alone or in combination with alcohol and/or 
tranquilizers) is a major drug abuse problem. An 
estimated 10 million Americans have used cocaine 
at least once and 5 million use it on a regular 
basis.lo5 The factors that have contributed to this 
are thought to be the ready availability of cocaine, 
the ease of administration of cocaine, and the, 
drug's popularity among prominent individuals. 
Cocaine is recognized as a particularly attractive 
drug to women as their first drug of abuse. 

Significant complications in pregnancy and ad­
verse effects on infants have been reported in 
women who use cocaine during pregnancy. The use 
of cocaine during the first trimester of pregnancy 
was associated with an increased rate of spontane­
ous abortion and third trimester cocaine use in­
creased the risk of abruptio placentae within 30 
minutes of use.I06 It is likely that the increased rate 
of spontaneous abortion caused by cocaine in early 
pregnancy is due to decreased blood flow to the 
fetus as a result of placental vasoconstriction and 
an increase in uterine contractility caused by in-
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creased norepinephrine concentrations. Women 
who used cocaine in the third trimester reported 
feeling contractions and increased fetal activity 
within minutes of cocaine use. The hypertension 
and placental vasoconstriction in these women 
caused by cocaine is thought to increase their risk 
of abruptio placentae. Maternal cocaine use also 
may cause fetal tachycardia and hypertension. One 
recent report of perinatal cerebral infarction was 
thought to be caused by use of a large amount of 
cocaine by the mother before delivery.107 Another 
study of eight newborns who were positive on urine 
toxicology screening for cocaine demonstrated no 
potentially life-threatening symptoms at birth. lOS 

Impairment of newborn interactive behavior and 
poor organizational response to environmental 
stimuli has been demonstrated in infants of women 
who use cocaine during pregnancy.I07 Similar 
neurobehavioral impairments have been shown to 
result from prenatal drug exposure to opiate 
drugsl09 and to PCPyo A recent study demon­
strated abnormal sleeping ventilatory patterns in 
infants of mothers who abused cocaine and PCP 
during pregnancy.111 These abnormalities have 
been implicated as a risk factor for sudden infant 
death syndrome (SIDS). Infants born to mothers 
who abuse opiates during pregnancy have a 5- to 
10-fold increased risk of dying from SIDS,112 so the 
abnormal sleep ventilatory patterns in infants ex­
posed in utero to cocaine and PCP mean that these 
infants may carry an increased risk of SIDS. 

Neonatal Complications 

The narcotic abstinence syndrome in newborns 
is the best-documented neonatal complication of 
drug abuse in pregnancy. The syndrome consists of 
a wide variety of features that mimic aspects of the 
adult narcotic abstinence syndrome. Most signifi­
cant for the neonate are tremors, high-pitched cry, 
sweating, exoriation of the extremities, and gastro­
intestinal upset.U3 Most of the infants of heroin- or 
methadone-addicted mothers will undergo some 
degree of withdrawal within hours to days after 
birth. The incidence of withdrawal may be related 
to the degree of maternal addiction but not to the 
severity of the withdrawal symptomsY4 The sever­
ity of the withdrawal symptoms appears to be more 
related to the degree of poly-drug abuse by the 
mother and the maternal dosage of methadone.ll5 

Infants delivered to mothers who abuse heroin 
have a higher incidence of perinatal morbidity and 
mortality than do infants in the general popula-
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tion. It has been well established that infants born 
to heroin-addicted mothers have low birth weights 
(half below 2500 gm) and are small for gestational 
age.116-118 There is evidence that this is due to both 
prematurity and intrauterine growth retardation. 
Narcotic drug exposure during pregnancy produces 
growth delays that are not related to inadequate 
maternal nutrition or prenatal care119 and that re­
sult from a subnormal number of cells in all organs 
of the developing fetus. 12o Infants born to mothers 
on methadone maintenance weigh more at birth 
than the infants of mothers using heroin, so the 
usual procedure is to initiate methadone replace­
ment early in the pregnancy.113,121 Methadone 
maintenance during pregnancy is, at best, a trade­
off. Although the intrauterine stress of narcotics 
abstinence syndrome is avoided, the newborns suf­
fer a greater postnatal weight 10ss122,123 and have a 
higher incidence of withdrawal and more severe 
withdrawal symptoms than do the newborns of 
heroin -addicted mothers.ll3 There is evidence that 
heroin may accelerate lung and liver maturation,124 
which would be helpful in premature birth. 

Other perinatal complications of narcotic addic­
tion that have been reported include a higher inci­
dence of meconium staining and perinatal asphyxia 
and neonatal death following narcotic withdrawal 
in the last trimester of pregnancy.120,125 Some stud­
ies have found a high incidence of respiratory dis­
tress in the neonates,1I5,126 and there are reports of 
an increased incidence of SIDS among infants of 
women addicted to the narcotic drugs. lll 

Behavioral symptoms that continue through in­
fancy in these drug-exposed infants include irrita­
bility, hyperactivity, and feeding and sleep distur­
bances. Psychological and educational problems 
may continue throughout early and middle child­
hood, but the available studies are insufficient to 
permit definitive conclusions.127 

Polydrug Abuse in Pregnancy 

A significant problem in drug abuse research in 
pregnancy is lack of control over polydrug use. The 
prevalence of polydrug abuse among pregnant 
women who use drugs makes it complex, if not im­
possible, to determine the effect of abuse of a single 
drug. The concurrent use of alcohol, stimulants, 
tranquilizers, PCP, and combinations including 
sedative/stimulant and pentazocine/tripelenna­
mine (so-called Ts and blues), is common in women 
who use drugs during pregnancy. In one program, 
the Perinatal Services Project of Northwestern 
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University, specialized prenatal care for these 
women results in successful drug abstinence 
throughout the remainder of the pregnancy of only 
about 20%. However, with close supervision of nu­
tritional intake in women enrolled in this special 
program, there was no significant reduction in fetal 
growth parameters. Intrauterine exposure to the 
nonopiate drugs and combinations did not reduce 
birth weight, length, and head circumference as 
compared with non -drug-exposed infants.128 The 
newborn infants exposed to drugs, however, 
showed significant impairment of their interactive 
abilities, motor maturity, and organizational re­
sponses to environmental stimuli. They were more 
tremulous and irritable than the control infants 
and showed significant and unpredictable emo­
tional responses. These studies demonstrated the 
beginning of the cycle of poor infant responsive­
ness and maternal rejection: a behavioral pattern 
that must be interrupted ifthe mother/infant rela­
tionship is to be established. Among the polydrug 
abuse problems, the use of PCP is of particular 
concern. PCP has been shown to cross the placenta 
in both animals and humans.129,130 The use of PCP 
during pregnancy has adverse effects on the new­
born. A withdrawal syndrome in two infants ex­
posed prenatally to PCP has been reported. 131 
PCP-exposed infants were particularly labile and 
showed marked deficits in their responses to 
mothering attempts by caretakers.132 

A 2-year follow-up of the drug-exposed and con­
trol infants demonstrated a downward trend in de­
velopmental scores, but all ofthe infants were from 
a low socioeconomic population, a factor known to 
adversely affect developmental scores. There has 
been no long-term follow-up of children who have 
been exposed to multiple-drug abuse before birth, 
so their prognosis for emotional and educational 
development remains unknown. Infants and chil­
dren of women who use drugs during pregnancy 
remain at increased risk for various problems, in­
cluding SIDS,lIO increased rate of infections, in­
cluding acquired immunodeficiency syndrome 
(AIDS),133 and a high rate of child abuse.134 

DRUG ABUSE AND ADOLESCENT 
REPRODUCTIVE DEVELOPMENT 

Surveys indicate that young Americans have 
been gradually moderating their use of illicit drugs 
in recent years; however, adolescent drug abuse is 
still acknowledged as a national problem. The age 
of first use of virtually all drugs has steadily de-
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i clined; and, while the strength of many street drugs 
has increased, their cost has sharply decreased, in­
creasing their availability to younger buyers. The 
1985 National Household Survey found that 1 in 5 
(22%) of 12- to 17 -year-olds has used marijuana. 
About half of those who have ever used marijuana 
have continued to use it (i.e., had used it in the 
month preceding the survey).1 Typically, persons 
who have a degree of experience with marijuana 
(used it more than ten times) will become involved 
in the use of another illicit drug and those who use 
illicit drugs other than marijuana are likely to con­
tinue using at least three substances concur­
rently.135 By the time they are high school seniors, 
the majority of adolescents have tried alcohol, to­
bacco, and marijuana, and 1 in 20 uses alcohol or 
marijuana daily.136 

Since adolescence is a critical developmental pe­
riod of life, heavy drug use and involvement in a 
drug lifestyle have a greater negative impact than 
they do in adults. Research shows that adolescents 
use drugs because they are readily available; they 
provide a quick, easy, cheap way to feel good; they 
offer a means of gaining peer acceptance. They 
may also help modify unpleasant feelings, reduce 
disturbing emotions, alleviate depression, reduce 
tension, and help cope with life pressures.137 Some 
adolescents (as many as 5% of teens aged 14 to 18 
years) have serious drug-related problems and 
need treatment. These youngsters are generally 
compulsive, dedicated users with serious personal 
problems who rely on drugs as self-medication to 
cope with their problems.138,139 

The physiologic events associated with normal 
adolescent development rely on the maturation of 
the hypothalamic centers that control the release 
of GnRH. The earliest indication that this process 
is beginning is an increase in episodic secretion of 
GnRH and gonadotropins; throughout the course 
of adolescent development, the secretion of GnRH 
is of paramount importance. There is evidence that 
most of the drugs of abuse can interfere with the 
secretion of GnRH. Inhibition of GnRH during ad­
olescent development is physiologically more sig~ 
nificant than inhibition of GnRH in an adult. Thus, 
drug abuse by adolescents may result in delayed or 
arrested reproductive development. It is difficult to 
predict the magnitude of such disruption, but it is 
reasonable to presume that the developing system 
is particularly sensitive to pharmacologic inhibi­
tion of GnRH. It would also be difficult to identify 
drug-related disruption of adolescent development 
without careful evaluation because there is con sid-
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erable age variation and irregular progress in the 
normal developmental process. In addition to the 
risks of long-term disruption of reproductive func­
tion, the emotional trauma of arrested sexual de­
velopment may contribute to the drug-seeking be­
havior. 

The effect of THC or marijuana administration 
on aspects of pubertal development has been stud­
ied in laboratory rodents.140-142 Treatment with 
THC lowers plasma LH and T concentrations in 
male mice and inhibits prostate growth. Interfer­
ence with testicular development was shown in rats 
treated daily during puberty with THC,143 and 
chronic administration of cannabis extract has 
been shown to suppress spermatogenesis in ro­
dents.144,145 Alterations in sexual behavior also has 
been observed in rats treated early in life or in 
adulthood with various cannabis derivatives.146 In 
prepubertal, female rats, daily THC administration 
caused a 5-day delay in sexual maturation.147 These 
studies indicate that THC and other cannabis de­
rivatives have effects on sexual development in 
nonprimate species. No clinical studies or studies 
of drug effects in primates have been done. Con­
cerns have been expressed in the pediatric litera­
ture over cases of arrested pubertal development 
associated with marijuana use,148 but there are no 
definitive answers. 

Age-dependent effects of the opiate drugs on go­
nadotropin secretion in rodents have led to the 
speculation that changes in the activity of the en­
dogenous opioid system might be part of the physi-
010gic mechanism for the initiation of increased 
GnRH secretion and onset of pubertal develop­
ment.149 Since T and LH concentrations have been 
shown to be significantly depressed in current her­
oin users, it is reasonable to predict that heroin use 
might cause a disruption in pubertal development. 
The one study that has examined hormone con­
centrations and psychosocial development in 
young men after chronic heroin use found no sig­
nificant impairment of reproductive develop­
ment.150 It is likely that tolerance develops to the 
inhibitory effect of the opiate drugs on neuroendo­
crine function in both adolescence and adulthood. 

The impact of drug abuse on adolescent repro­
ductive development has not been researched ade­
quately. In 1981, the Institute of Medicine's report 
on Marijuana and Health recognized the lack of 
information on drug abuse effects on adolescent 
development as an area of particular concern and 
emphasized the need for new information about the 
possible adverse effects of marijuana use on the 
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developing reproductive system. 151 Five years after 
the publication of the Institute of Medicine's re­
port, this critical issue remains largely uninvesti­
gated. 

CONCLUSION 

It is clear that drug abuse has the potential for 
disrupting reproductive function. This is especially 
true since young men and women of reproductive 
age are the segment of the population most heavily 
involved in drug abuse. There is convincing evi­
dence that the drugs of abuse can disrupt neuroen­
docrine and gonadal function with sufficient mag­
nitude to cause infertility and sexual dysfunction. 
There is some documentation of such effects in the 
clinical literature. As a result, most protocols for 
the evaluation of unexplained infertility now in­
clude investigation of drug abuse history as a possi­
ble cause of hormonal problems,152 drug abuse is 
now recognized as a possible cause of delayed or 
arrested pubertal development/53 and the prob­
lems of drug abuse and dependency in pregnancy 
are being recognized and programs are being devel­
oped to minimize the risks to mother and baby.71·l2l 

There are still many unanswered questions. To 
what extent does drug abuse contribute to unex­
plained infertility? Are the effects always revers­
ible if drug use is discontinued? Does disruption of 
reproductive development (real or perceived) con­
tribute to the drug-seeking behavior of adoles­
cents? What are the medical-legal issues of drug 
abuse in pregnancy? The research on the repro­
ductive consequences of drug abuse must be given a 
high priority by the funding agencies if these ques­
tions are to be answered. Since it appears unlikely 
that our drug abuse problems will be solved in the 
immediate future, the issue of the risks to repro­
ductive function cannot be ignored. 

REFERENCES 

1. 1985 National Household Survey on Drug Abuse, National 
Institution on Drug Abuse, Washington, D.C., Govern­
ment Printing Office, 1987 

2. Sokol RJ, Miller SI, Reed G: Alcohol abuse during preg­
nancy: an epidemiological study. Alcoholism (NY) 4:134, 
1980 

3. Smith CG, Besch NF, Smith RG, Besch PK: Effect oftet­
rahydrocannabinol on the hypothalamic-pituitary axis in 
the ovariectomized rhesus monkey. Fertil Steril 3f:335, 
1979 

4. Asch RH, Smith CG, Siler-Khodr TM, Pauerstein CJ: 
Acute decreases in serum prolactin concentrations caused 
by ~9-tetrahydrocannabinol in nonhuman primates. Fertil 
Steril 32:571, 1979 

Vol. 48, No.3, September 1987 

5. Asch RH, Smith CG, Siler-Khodr TM, Pauerstein CJ: Ef­
fects of ~9-tetrahydrocannabinol during the follicular 
phase of rhesus monkeys. J Clin Endocrinol Metab 52:50, 
1981 

6. Asch RH, Smith CG, Siler-Khodr TM, Pauerstein CJ: Ef­
fects of ~9-tetrahydrocannabinol administration on go­
nadal steroidogenic activity in vivo. Fertil Steril 32:576, 
1979 

7. Almirez RG, Smith CG, Asch RH: The effects of marijuana 
extract and ~9-tetrahydrocannabinol on luteal function in 
the rhesus monkey. Fertil Steril 39:212, 1983 

8. Smith CG, Almirez RG, Berenberg J, Asch RH: Tolerance 
develops to the disruptive effects of ~9-tetrahydrocanna­
binol on the primate menstrual cycle. Science 219:1453, 
1983 

9. Bauman JE: Marijuana and the female reproductive sys­
tem. In Health Consequences of Marijuana Use. Washing­
ton, D.C., U.S. Government Printing Office, 1980 

10. Mendelson JH, Mello NK, Ellingboe J, Skupny AST, Lex 
BW, Griffin M: Marihuana smoking suppresses luteinizing 
hormone in women. J Pharmacol Exp Ther 237:862, 1986 

11. Mendelson JH, Mello NK: Effects of marijuana on neuro­
endocrine hormones in human males and females. In 
Marijuana Effects on the Endocrine and Reproductive 
Systems. NIDA Research Monograph. Washington, D.C., 
Government Printing Office, 1984 

12. Harclerode J: Endocrine effects of marijuana in the male: 
preclinical studies. In Marijuana Effects on the Endocrine 
and Reproductive Systems. NIDA Research Monograph. 
Washington, D.C., Government Printing Office, 1984 

13. Smith CG, Besch NF, Asch RH: Effects of marihuana on 
the reproductive system. In Advances in Sex Hormone 
Research, Edited by JA Thomas, R Singhal. Baltimore­
Munich, Urban and Schwartzenberg, 1980, p 273 

14. Kolodny RC, Masters WH, Kolodner AB, Toro G: De­
pression of plasma testosterone levels after chronic inten­
sive marihuana use. N Engl J Med 290:872,1974 

15. Mendelson JH, Kuenhle JC, Ellingboe J, Babor TF: 
Plasma testosterone levels before, during and after chronic 
marihuana smoking. N Engl J Med 291:1051,1974 

16. Zimmerman AM, Zimmerman S, Raj A Y: Effects of can­
nabinoids on sperm morphology. Pharmacology 18:143, 
1979 

17. Huang HFS, Nahas GG, Hembree WC: Effects of mari­
juana inhalation on spermatogenesis of the rat. In Mari­
huana: Biological Effects, Edited by GG Nahas, WDM 
Paton. Oxford, Pergamon Press, 1980, p 419 

18. Dixit VP, Gupta CL, Agrawal M: Testicular degeneration 
and necrosis induced by chronic administration of can­
nabis extract in dogs. Endokrinologie 69:299, 1977 

19. Jakubovic A, McGeer EG, McGeer PL: Effects of canna­
binoids on testosterone and protein synthesis in rat testis 
Leydig cells in vitro. Mol Cell Endocrinol 15:41, 1979 

20. Husain S, Lame M, DeBoer B: Rat testicular tissue glucose 
metabolism in the presence of delta-9-tetrahydrocannabi­
nol. Proc West Pharmacol Soc 22:355,1979 

21. Hembree WC, Zeidenberg P, Nahas GG: Marihuana's ef­
fect on human gonadal function. In Marijuana, Chemistry, 
Biochemistry and Cellular Effects, Edited by GG Nahas. 
New York, Springer-Verlag, 1976, p 521 

22. Hembree WC, Nahas GG, Zeidenberg P, Huang HFS: 
Changes in human spermatozoa associated with high-dose 
marijuana smoking. In Marihuana: Biological Effects, 

Smith and Asch Drug abuse and reproduction 369 



Edited by GG Nahas, WDM Paton. Oxford, Pergamon 
Press, 1980, p 429 

23. Scher PM, Almirez RG, Smith CG: The effects of cocaine 
on reproductive hormones in the primate. Pharmacologist 
24:185, 1982 

24. Gordon LA, Mostofsky DI, Gordon GG: Changes in tes­
tosterone levels in the rat following intraperitoneal cocaine 
HCl. Int J Neurosci 11:139, 1980 

25. Steger RW, Silverman A Y, Johns A, Asch RH: Interac­
tions of cocaine and ~9-tetrahydrocannabinol with the hy­
pothalamic-hypophyseal axis of the female rat. Fertil 
Steril 35:567, 1981 

26. Gaulden EC, Littlefield DC, Putoff OE, Sievert AL: Men­
strual abnormalities associated with heroin addiction. Am 
J Obstet Gynecol 90:155, 1964 

27. Mintz JH, O'Hare K, O'Brien CR, Goldschmidt J: Sexual 
problems of heroin addicts. Arch Gen Psychiatry 31:700, 
1974 

28. Hollister LE: Human pharmacology of drugs of abuse with 
emphasis on neuroendocrine effects. Prog Brain Res 
39:373, 1973 

29. Barraclough CA, Sawyer CH: Inhibition of the release of 
pituitary ovulatory hormones in the rat by morphine. En­
docrinology 57:329, 1955 

30. Stoffer SS: A gynecologic study of drug addicts. Am J Ob­
stet Gynecol 101:779, 1986 

31. Wang C, Chan V, Yeung RTT: The effect of heroin addic­
tion on pituitary testicular function. Clin Endocrinol 9:455, 
1978 

32. Brambilla F, Resele L, DeMaio D, Nobile P: Gonadotropin 
response to synthetic gonadotropin hormone releasing 
hormone (GnRH) in heroin addicts. Am J Psychiatry 
136:314, 1979 

33. Kley HK, Oellerick M, Wiegelmann W, Herrmann J, Ru­
dorff KH, Nieschlag E, Kruskemper HL: The effect of 
methadone on hypophyseal and peripheral glandular hor­
mones during withdrawal. Horm Metab Res 9:484, 1977 

34. Bruni JF, Van Vugt D, Marshall S, Meites J: Effects of 
naloxone, morphine and met-enkephalin on serum prolac­
tin, luteinizing hormone, follicle stimulating hormone, 
thyroxine stimulating hormone and growth hormone. Life 
Sci 21:461, 1977 

35. Gilbeau PM, Almirez RG, Holaday JW, Smith CG: The 
role of endogenous opioid peptides in the control of andro­
gen levels in the male non-human primate. J AndroI5:339, 
1983 

. 36. Gilbeau PM, Almirez RG, Holaday JW, Smith CG: Opioid 
effects on blood concentrations of luteinizing hormone and 
prolactin in the adult male rhesus monkey. J Clin Endo­
crinol Metab 60:299, 1985 

37. Cicero TJ, Badger TM, Wilcox CE, Bell RD, Meyer ER: 
Morphine decreases luteinizing hormone by an action on 
the hypothalamic-pituitary axis. J Pharmacol Exp Ther· 
203:548, 1977 

38. Stubbs WA, Jones A, Edwards CRW, Delitala G, Jeffcoate 
WJ, Ratter SJ, Besser GM, Bloom SR, Albert KG: Hor­
monal and metabolic responses to an enkephalin analogue 
in normal men. Lancet 2:1223, 1978 

39. Reid RL, Hoff JD, Yen SSC, Li CH: Effects of exogenous 
~-endorphin on pituitary hormone secretion and its disap­
pearance rate in normal human subjects. J Clin Endocrinol 
Metab 52:1179, 1981 

40. Lightman SL, Jacobs HS, Maguire AK, McGarrick G, 
Jeffcoat SL: Constancy of opioid control of LH on differ-

370 Smith and Asch Drug abuse and reproduction 

ent pathophysiological states. J Clin Endocrinol Metab 
52:1260, 1981 

41. Ropert JF, Quigley ME, Yen SSC: Endogenous opiates 
modulate pulsatile LH release in humans. J Clin Endo­
crinol Metab 52:583, 1981 

42. Cicero TJ, Wilcox CE, Bell RD, Meyer ER: Naloxone-in­
duced increases in serum LH in the male: mechanisms of 
action. J Pharmacol Exp Ther 212:573, 1980 

43. Alper RH, Demarest KT, Moore KE: Morphine differen­
tially alters synthesis and turnover of dopamine in central 
neuronal systems. J Neural Transm 48:157, 1980 

44. Van Vugt DA, Bruni JF, Sylvester PW, Chen HT, Iliri T, 
Meites J: Interaction between opiates and hypothalamic 
dopamine on prolactin release. Life Sci 24:2361, 1979 

45. Yarbrough GG, Buxbaum DM, Sanders-Bush E: Biogenic 
amines and narcotic effects. II. Serotonin turnover in the 
rat after acute and chronic morphine administration. J 
Pharmacol Exp Ther 185:328, 1979 

46. Mendelson JH, Mello NK, Ellingboe J: Effects of acute 
alcohol intake on pituitary-gonadal hormones in normal 
human males. J Pharmacol Exp Ther 202:676, 1977 

47. Johnston DE, Chiao Y, Gavaler JS, Van Wiel DH: Inhibi­
tion of testosterone synthesis by ethanol and acetaldehyde. 
Biochem Pharmacol 30:1827, 1981 

48. Gordon GG, Altman K, Southern AL, Rubin E, Lieber CS: 
Effect of alcohol (ethanol) administration on sex hormone 
metabolism in normal men. N Engl J Med 295:793, 1976 

49. Gordon GG, Southern AL, Lieber CS: The effects of alco­
holic liver disease and alcohol ingestion on sex hormone 
levels. Alcoholism (NY) 2:259, 1978 

50. Lester R, Van Thiel DH: Gonadal function in chronic alco­
holism. Adv Exp Med Bioi 85A:399, 1977 

51. Van Thiel DW, Gavaler JS, Lester R, Goodman MD: Alco­
hol-induced testicular atrophy: an experimental model for 
hypogonadism occurring in chronic alcoholic men. Gastro­
enterology 69:326, 1975 

52. Van Thiel DH, Lester R, Sherins RJ: Hypogonadism in 
alcoholic liver disease: evidence for a double effect. Gastro­
enterology 67:1188, 1974 

53. Farkas M, Rosen RC: Effect of alcohol on elicited male 
sexual response. J Stud Alcohol 37:265, 1976 

54. Hart BL: Effects of alcohol on sexual reflexes and mating 
behavior in the male dog. J Stud Alcohol 29:839, 1968 

55. Lemere F, Smith JW: Alcohol-induced sexual impotence. 
Am J Psychiatry 130:212, 1973 

56. Dixit VP, Agarwal M, Lohiya NK: Effects of a single eth­
anol injection into the vas deferens on the testicular func­
tion of rats. Endokrinologie 67:8, 1976 

57. Van Thiel DH, Gavaler JS, Lester R: Ethanol: a gonadal 
toxin in the female. Drug Alcohol Depend 2:327, 1977 

58. Van Thiel DH, Gavaler JS, Lester R, Sherins RJ: Alcohol­
induced ovarian failure in the rat. J Clin Invest 61:624, 
1978 

59. Mendelson JH, Mello NK, Ellingboe J: Effects of acute 
alcohol intake on pituitary-gonadal hormones in normal 
human females. J Pharmacol Exp Ther 218:23, 1981 

60. Mello NK, Ellingboe J, Bree MP, Harvey KL, Mendelson 
JH: Alcohol effects on estradiol in female macaque mon­
key. In Problems of Drug Dependence 1981, NIDA Re­
search Monograph Series, Washington, D.C., Government 
Printing Office, 1981, p 210 

61. Kinsey BA: Psychological factors in alcoholic women from 
a state hospital sample. Am J Psychiatry 124:1463, 1968 

Fertility and Sterility 



62. Wilsnack SC: Sex role identity in female alcoholism. J 
Abnorm Psychol 82:253, 1973 

63. Belfer M, Shader RI, Carrol M, Harnatz JS: Alcoholism in 
women. Arch Gen Psychiatry 25:540, 1971 

64. Podolsky E: The woman alcoholic and premenstrual ten­
sion. J Am Med Worn Assoc 18:816, 1963 

65. Mello WK, Bree MP, Mendelson JH, Ellingboe J, King 
NW, Sehgal P: Alcohol self-administration disrupts repro­
ductive function in female macaque monkeys. Science 
221:677, 1983 

66. Everett JW, Sawyer CH: A 24-hour periodicity in the 
"LH-releasing apparatus" of female rats, disclosure by 
barbiturate sedation. Endocrinology 47:198,1950 

67. Siegel HI, Bast JD, Greenwald GS: The effects of pheno­
barbital and gonadal steroids on periovulatory serum 
levels of luteinizing hormone and follicle stimulating hor­
mone in the hamster. Endocrinology 98:48, 1976 

68. Knobil E: On the control of gonadotropin secretion in the 
rhesus monkey. Recent Prog Horm Res 30:1, 1974 

69. Nansel DD, Aiyer MS, Meinzer H, Bogdanove EM: Rapid 
direct effects of castration and androgen treatment on lu­
teinizing hormone-releasing l1orrilone-induced luteinizing 
hormone release in the phenobarbital-treated male rat: ex­
amination of the roles direct and indirect androgen feed­
back mechanisms might play in the physiological control of 
luteinizing hormone release. Endocrinology 104:524, 1979 

70. Arimura A, Schally AV, Satio T, Miller E, Bowers CY: 
Induction of ovulation in rats by highly purified pig LH­
releasing factor (LRF). Endocrinology 80:515, 1967 

71. Wedig JH, Gay VL: Potentiation of luteinizing hormone­
releasing factor activities following pentobarbital anesthe­
sia in the steroid-blocked castrated rat. Proc Soc Exp Bioi 
Med 144:993, 1973 

72. Azika D, Krulick L, McCann S: On the effect of pentobar­
bital (Nembutal) on prolactin release in the rat. Proc Soc 
Exp Bioi Med 141:203, 1972 

73. Wuttke W, Meites J: Effects of ether and pentobarbital on 
serum prolactin on LH levels in proestrous rats. Proc Soc 
Exp Bioi Med 135:648, 1970 

74. Azika K, Kalra SP, Krulick L, Fawcett CP, McCann SM: 
The effect of stress and Nembutal on plasma levels of 
gonadotropins and prolactin in ovariectomized rats. Endo­
crinology 90:707, 1972 

75. Ferin M, Carmel PW, Warren MP, Himsworth RL, Frantz 
AG: Phencyclidine sedation as a technique for handling 
rhesus monkeys: effects on LH, GH, and prolactin secre­
tion. Proc Soc Exp Bioi Med 151:428, 1976 

76. Zaidi P, Wickings EJ, Nieschlag E: Effects of ketamine 
hydrochloride and barbiturate anesthesia on the metabolic 
clearance and production rates of testosterone in the male 
rhesus monkey Macaca mulatta. J Steroid Biochem 16:436, 
1982 

77. Harclerode J, Bird L, Sawyer H, Berger V, Mooney R, 
Smith R: Sex hormone levels in adult rats injected with 
~ 9 -tetrahydrocannabinol and phencyclidine hydrochloride. 
In The Cannabinoids: Chemical, Pharmacologic and Ther­
apeutic Aspects, Edited by S Augurell, WL Dewey, RE 
Willette. Orlando, Academic Press, 1984, p 471 

78. Chisum GM: Recognition and initial management of the 
pregnant substance-abusing woman. In Drug Use in Preg­
nancy-Mother and Child, Edited by IJ Chasnoff. Norwell, 
Mass., MTP Press, 1986, p 17 

79. Fried PA, Watkinson B, Grant A, Knights RM: Changing 

Vol. 48, No.3, September 1987 

patterns of soft drug use prior to and during pregnancy. 
Drug Alcohol Depend 6:323, 1980 

80. Fried PA, Watkinson B, Willan A: Marijuana use during 
pregnancy and decreased length of gestation. Am J Obstet 
Gynecol 150:23, 1984 

81. Greenland S, Staisch KJ, Brown N, Gross SJ: The effects 
of marijuana use during pregnancy. I. A preliminary epide­
miologic study. Am J Obstet GynecoI143:408, 1982 

82. Hingson R, Alpert JJ, Day N, Dooling E, Kayne H, More­
lock S, Openheimer E, Zuckerman B: Effects of maternal 
drinking and marijuana use on fetal growth and develop­
ment. Pediatrics 70:539, 1982 

83. Asch RH, Smith CG: Effects of delta-9-tetrahydrocan­
nabinol, the principal psychoactive component of mari­
juana on pregnancy and lactation in the rhesus monkey. J 
Reprod Med 31:1071, 1987 

84. Khodr GS, Siler-Khodr TM: Placental LRF and its syn­
thesis. Science 207:315, 1980 

85. Braunstein GD, Buster JE, Soares JR, Gross SJ: Preg­
nancy hormone concentrations in marijuana users. Life Sci 
33:195, 1983 

86. Jones KL, Smith DW, Ulleland CN, Streissguth AP: Pat­
tern of malformations in offspring of chronic alcoholic 
mothers. Lancet 1:1267, 1973 

87. Jones KL, Smith DW: Recognition of the fetal alcohol 
syndrome in early infancy. Lancet 2:999, 1973 

88. Little RE: Moderate alcohol use during pregnancy and de­
creased infant birth weight. Am J Public Health 67:1154, 
1977 

89. Ouellette EM, Rosett HL, Rosman NP, Weiner L: Adverse 
effects on offspring of maternal alcohol abuse during preg­
nancy. N Engl J Med 297:528, 1977 

90. Russell M: Intrauterine growth in infants born to women 
with alcohol-related psychiatric diagnoses. Alcoholism 
(NY) 1:225, 1977 

91. Little RE, Streissguth AP, Barr HM, Herman CS: De­
creased birth weight in infants of alcoholic women who 
abstained during pregnancy. J Pediatr 96:974, 1980 

92. Neville IN, Eagles JA, Samson G, Olson RE: Nutritional 
status of alcoholics. Am J Clin Nutr 21:1329, 1968 

93. Olson RE: Nutrition and alcoholism. In Modern Nutrition 
in Health and Disease, Edited by RS Goodhart, ME Shils. 
Philadelphia, Lea & Febiger, 1973, p 1037 

94. Abel EL, Dintcheff BA: Effects of prenatal alcohol expo­
sure on growth and development in rats. J Pharmacol Exp 
Ther 207:916, 1978 

95. Henderson GI, Hoyumpa A, Patwardhan R, Schenker S: 
Effect of acute and chronic ethanol exposure on placental 
uptake of amino acids. Alcoholism (NY) 5:183, 1981 

96. Clarren SK, Smith DW: The fetal alcohol syndrome. N 
Engl J Med 298:1063,1978 

97. Sulik KK, Jonston MC, Webb MA: Fetal alcohol syn­
drome: embryogenesis in a mouse model. Science 214:936, 
1981 

98. Steeg CN, Woolf P: Cardiovascular malformations in the 
fetal alcohol syndrome. Am Heart J 98:635, 1979 

99. Randall CL, Taylor WJ: Prenatal ethanol exposure in 
mice: teratogenic effects. Teratology 19:305, 1979 

100. Boggan WO, Randall CL, DeBeukelaer M: Renal abnor­
malities in mice prenatally exposed to ethanol. Res Com­
mun Chern Pathol PharmacoI23:127, 1979 

101. Clarren SK, Alvoid EC, Sumi SM, Streissguth AP: Brain 
malformations related to prenatal exposure to ethanol. J 
Pediatr 92:64, 1978 

Smith and Asch Drug abuse and reproduction 371 

I "-



102. Lee MH, Haddad R, Rabe A: Developmental impairments 
in the progeny of rats consuming ethanol during preg­
nancy. Neurobehav Toxicol Teratol 2:189, 1980 

103. Abel EL: Prenatal effects of alcohol on adult learning in 
rats. Pharmacol Biochem Behav 10:239, 1979 

104. Halmesmaki E, Acutti I, Granstrom M-L, Stenman U-H, 
Ylikorkala 0: Estradiol, estriol, progesterone, prolactin, 
and human chorionic gonadotorpin in pregnant women 
with alcohol abuse. J Clin Endocrinol Metab 64:153, 1987 

105. Fishburne PM: National survey on drug abuse: main find­
ings, 1979. National Institute on Drug Abuse, 1980 (DHHS 
publication no. ADM 80976), Rockville, MD, 1980 

106. Chasnoff IJ, Burns WJ, Schnoll SH, Burns KA: Cocaine 
use in pregnancy. N Engl J Med 313:666, 1985 

107. Chasnoff IJ, Bussey ME, Savich R, Stack CM: Perinatal 
cerebral infarction and maternal cocaine use. J Pediatr 
108:456, 1986 

108. Madden JD, Payne TF, Miller S: Maternal cocaine abuse 
and effect on the newborn. Pediatrics 77:209, 1986 

109. Chasnoff IJ, Hatcher R, Burns WJ: Polydrug and metha­
done-addicted newborns: a continuum of impairment? Pe­
diatrics 70:210, 1982 

110. Chasnoff IJ, Burns WJ, Hatcher RP, Burns KA: Phency­
clidine: effects on the fetus and neonate. Dev Pharmacol 
Ther 6:404, 1983 

111. Davidson Ward SL, Scheutz S, Krishna V, Bean X, Win­
gert W, Wachsman L, Keens TG: Abnormal sleeping ven­
tilatory pattern in infants of substance-abusing mothers. 
Am J Dis Child 140:1015, 1986 

112. Chavez CJ, Ostrea EM Jr, Stryker JC, Smialek Z: Sudden 
infant death syndrome among infants of drug-dependent 
mothers. J Pediatr 95:407, 1979 

113. Zelson C, JaLee S, Casalino M: Neonatal narcotic addic­
tion: comparative effects of maternal intake of heroin and 
methodone. N Engl J Med 289:1216, 1973 

114. Kron RE, Kaplan SL, Phoenix MD, Finnegan LP: Behav­
ior of infants born to drug-dependent mothers: effects of 
prenatal and postnatal drugs. In Drug Abuse in Pregnancy 
and Neonatal Effects, Edited by JL Rementeria. St. Louis, 
CV Mosby, 1977, p 129 

115. Ramer CM, Lodge A: Neonatal addiction: a two-year 
study. 1. Clinical and developmental characteristics of in­
fants of mothers methodone maintained. Addict Dis Int J 
2:227,1975 

116. Fricker HS, Segal S: Narcotic addiction, pregnancy and 
the newborn. Am J Dis Child 132:360, 1978 

117. Reddy AM, Harper RG, Stern G: Observations on heroin 
and methadone withdrawal in the newborn. Pediatrics 
48:353, 1971 

118. Zelson C, Rubio E, Wasserman E: Neonatal narcotic ad­
diction: ten-year observation. Pediatrics 48:178, 1971 

119. Rosen T, Pippenger C: Pharmacologic observations on the' 
neonate withdrawal syndrome. J Pediatr 88:1044, 1976 

120. Naeye KL, Blanc W, Leblanc W, Khatamee MA: Fetal 
complications of maternal heroin addiction: abnormal 
growth, infections, and episodes of stress. J Pediatr 
83:1055, 1973 

121. Kandall SR, Album S, Dreyer E, Comstock M, Lowinson J: 
Differential effects of heroin and methadone on birth 
weights. Addict Dis Int J 2:347, 1975 

122. Ostrea EM, Chavez CJ, Strauss ME: A study of factors 
that influence the severity of neonatal narcotic with­
drawal. Addict Dis Int J 2:187, 1975 

372 Smith and Asch Drug abuse and reproduction 

123. Strauss ME, Andresko M, Stryker JC, Wardell IN, Dunkel 
LD: Methadone maintenance during pregnancy: preg­
nancy, birth, and neonatal characteristics. Am J Obstet 
GynecoI120:895, 1974 

124. Gluck L, Kulovich MV: Lecithin/sphingomyelin ratio in 
amniotic fluid in normal and abnormal pregnancy. Am J 
Obstet Gynecol 115:539, 1973 

125. Desmond MM, Wilson GS: Neonatal abstinence syn­
drome: recognition and diagnosis. Addict Dis Int J 2:113, 
1975 

126. Zelson C: Neonatal narcotic addiction. In The Neonate: 
Clinical Biochemistry, Physiology and Pathology, Edited 
by JM Hicks. New York, John Wiley & Sons, 1976, p 113 

127. Householder J, Hatcher R, Burns W, Chasnoff I: Infants 
born to narcotic-addicted mothers. Psychol Bull 92:453, 
1982 

128. Chasnoff I: Perinatal addiction: consequences of intrauter­
ine exposure to opiate and nonopiate drugs. In Drug Use in 
Pregnancy: Mother and Child, Edited by I Chasnoff, MA 
Norwell. MTP Press, 1986, p 52 

129. Cummings AJ, Jones HMR, Cooper JE: Transplacental 
disposition of phencyclidine in the pig. Xenobiotica 9:447, 
1979 

130. Nicholas TM, Lipshitz G, Schreiber EC: Phencyclidine: its 
transfer across the placenta as well as into breast milk. Am 
J Obstet GynecoI143:143, 1982 

131. Golden NL, Kuhnert BR, Sokol RJ, Martier S, Bagby BS: 
Phencylidine use during pregnancy. Am J Obstet Gynecol 
148:254, 1984 

132. Strauss AA, Modanlou HD, Bosu SK: Neonatal manifes­
tations of maternal phencyclidine (PCP) abuse. Pediatrics 
68:550, 1981 

133. Oleske J, Minnefor RT, Cooper R, Thomas K, de la Cruz 
A, Adieh H, Guerrero I, Joski VV, Desposito F: Immune 
deficiency syndrome in children. JAMA 249:2345, 1983 

134. Wiet MJ: Legal issues in perinatal addiction. In Drug Use 
in Pregnancy: Mother and Child, Edited by I Chasnoff, MA 
Norwell. MTP Press, 1986, p 147 

135. Miller JD, Cisin I: Highlights from the National Survey on 
Drug Abuse: 1982 DHHS pub. no. (ADM) 83-1277 Rock­
ville, MD, National Institute on Drug Abuse, 1983 

136. Johnston LD, O'Malley PM, Bachman JG: Highlights 
from Drugs and American High School Students: 
1975-1983 DHHS pub. no. (ADM) 84-1317, Rockville, MD, 
National Institute on Drug Abuse, 1984 

137. Beschner GM, Friedman AS: Youth Drug Abuse: Prob­
lems, Issues, and Treatment. Lexington, MA, Lexington 
Books, 1979, p 169 

138. Kandel D: Epidemiological and psychosocial perspectives 
on adolescent drug abuse. J Am Acad Child Psychiatry 
21:328, 1982 

139. Wesson DR, Carlin AS, Adams KM, Beschner GM: Poly­
drug Abuse. New York, Academic Press, 1977 

140. Symons AM, Teale JD, Marks V: Effect of ~9-tetrahydro­
cannabinol on the hypothalamic-pituitary-gonadal system 
in the maturing male rat. J Endocrinol 68:43, 1976 

141. Collie R: Endocrine effects of chronic intraventricular ad­
ministration of ~9-tetrahydrocannabinol to prepubertal 
and adult male rats. Life Sci 18:223, 1976 

142. Collie R, Letarte J, Leboeuf G, Ducharme JR: Endocrine 
effects of chronic administration of psychoactive drugs to 
prepubertal male rats. 1. ~9-tetrahydrocannabinol. Life Sci 
16:533, 1974 

Fertility and Sterility 



143. Harmon JW, Locke D, Aliapoulious MA, MacIndoe J: In­
terference with testicular development by fl9-tetrahydro­
cannabinol. Surg Forum 27:350, 1976 

144. Zimmerman AM, Bruce WR, Zimmerman S: Effects of 
cannabinoids on sperm morphology. Pharmacology 18:143, 
1979 

145. Block E, Thipen B, Morrill GA, Gardner E, Fujimoto G: 
Effects of cannabinoids on reproduction and development. 
Vitam Horm 36:203, 1978 

146. Dalterio S, Bartke A: Perinatal exposure to cannabinoids 
alters male reproductive function in mice. Science 
205:1420, 1979 

147. Field E, Tyrey L: Delayed sexual maturation in the female 
rat during chronic exposure to delta-9-tetrahydrocanna­
binol. Life Sci 35:1725, 1984 

148. Copeland KC, Underwood LF, Van Wyk JJ: Marijuana 
smoking and pubertal arrest. J Pediatr 96:1079, 1980 

Received April 9, 1987. 

149. Wilkinson M, Bhanol R: Puberty-related attenuation of 
opiate peptide-induced inhibition of LH secretion. Endo­
crinology 110:1046, 1982 

150. Mendelson JH, Mellow NK: Plasma testosterone levels 
during chronic heroin use and protracted abstinence: a 
study of Hong Kong addicts. Clin Pharmacol Ther 17:529, 
1975 

151. Institute of Medicine of the National Academy of Sciences: 
Marijuana and Health. Washington, D.C., National Acad­
emy Press, 1982 

152. Conrad MJ, Ross LS: Evaluation and treatment of the 
infertile man. Primary Care 12:687, 1985 

153. Styne DM, Grumbach MM: Puberty in the male and fe­
male: its physiology and disorders. In Reproductive Endo­
crinology, Physiology, Pathophysiology and Clinical Man­
agement, Edited by SSC Yen, RB Jaffe. Philadelphia, WB 
Saunders, 1986, p 313 

Carol Grace Smith, Ph.D., Department of Obstetrics and Gynecology, The University of Texas Health Science Center at San 
Antonio, San Antonio, Texas. 

Reprint requests: Ricardo H. Asch, M.D., Department of Obstetrics and Gynecology, University of California Irvine Medical Center, 
101 City Drive South, Orange, California 92668. 

Vol. 48, No.3, September 1987 Smith and Asch Drug abuse and reproduction 373 

,- ~ 




