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Placental membranes function not only as a bi-directional route of ex-
change for needed nutrients and metabolic waste products, but allow for the
often unempeded transferanée of a wide variety of drugs and other exogenous
substances, some of which are or may be injurious to fetal development. His-
torically, clinical experience with thalidomide and diethylstibestrol (DES)
should provide adequate reminders that any prescribed drug. use duxj:ifg 1Ehe course
c-:';c pregnancy be undertaken in a careful and deliberate fashion. Such forms of
restraint in drug use are equally applicable to the self-administered category
of alcchol, caffeine and nicotine, which are often perceived by the user as
being habits, rather than biologically active substances. Of these, alcohol
probably provides the clearest example of a campound whose pharmacological
properties makes its use incampatable with pregnancy. Epidemiologic studies 1
have documented a characteristic pattern of altered morphogenesis in children
horn to alecholic mothers, which has been termed fetal alcohol syndrome (FAS).
Similarly, smoking has been associated with lowered birthweights, varying degrees
of embryonic and fetal mortality 2 , and increased incidence of congenital anom-
alies °. High levels of caffeine intake, on the order of 600 mg/day, can also
be related with a higher than expected incidence of pregnancy loss ", The as-
sociation between caffeine intake and a history of reproductive loss is statisti-
cally significant even when alcohol and smoking are controlled for in analysis,
as the latter two variables were not significantly related to the finding 5.

We have summarized previously the known and potential mechanisms by
which alcohol, caffeine and ﬁicotine influence the mp@uctive process 6’7.
Broadly, these drug mediated effects can be assigned to either of two categories,
a direct effect on the embryo or fetus or indirect through an induced imbalance

in maternal and/or fetal homeostasis. A clearer understanding of these processes
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should provide the clinician with useful infermation both for prenatal counsel-
ing and identifying a potential cause for the subfertile couple where there is
no apparent etiology.

Despite a plethora of research efforts, a full understanding of the
physiological mechanisms by which drugs influence pregnancy is still not readily
available. In Figure 1, some of the more general means by which alecohol, caf-
feine and nicotine could effectively alter the course’ of humnan pregnancy are
depicted. While the model system begins during post-implantation stages of
development, it should be appreciated that these cirugs could be influential during
the earlier stages, by either altering the ovulatory process or by exerting a
more direct effect thmuéh their transfer into seminal and/or uterine contents 6,7

Model for Drug Action

In humans, drug ingestion is followed by a fairly orderly process of
absorption and distribution, after which the compounds are most often removed .
from circulation and rendered inactive through one of the available metabolic
routes. In the non~pregnant female, this process generally proceeds in a fairly
uneventful manner, as any changes in blood chemistry would not hold the risk of
affecting fetal development. However, in the pregnant female, the use of either
alc:ohol‘ 8 or nicotine 3 leads to increased circulating levels of lactate, a
change which is readily reflected in both maternal and fetal blood supplies 8
Lactate accumulation, with its accompanying acidosis, can be related to alter-
rations in both uterine perfusion _10 and fetal nervous system function 11. The
use of alcohol leads also to hypoglycemia, while smoking can be related with

increased circulating levels of carbon monoxide- 12

- —

Alcohol 13, caffeine 7 , and nicotine d share a common property in that
their use dramatically increases circulating levels of the catecholamines.
tYhile contradictory findings are present in the literature regarding the pla-

cental transfer” of catecholamines, the hormones, through their vasoactive prop-
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erties, can effectively alter both uterine and placental blood flow i:atterns .
These latter effects have been studied in detaii, in both the pregnant rhesus

monkay it and the ewe 15

, Wwhere exogeneous catecholamines were injected and de-
creased blood perfusion monitored. It seems that the vascular beds associated
with both the pregnant uterus and the placenta are extremely sensitive to this
form of hormone treatment, even when administered doses are physiologic rather
than pharmacologic.

We have previcusly summarized the evidence that catecholamine turm-
over patterns occurring at either the maternal or fetal level operate under
a fairly narrow and predictable range, which preswneabls.! reflects the normal
endocrinology of pregnancy and the developmental process 7 . When fhese data

are combined with results from animal studies 6,7,14,15

s it may be interpreted
that the release of catecholamines by these ch.."ugs might be one of the most sig-
nificant consequences of their utilization. That such a change can occur at the
fetal level is suggested by work campleted in rats, showing a reversible retar-
dation of some 20 to 30 percent in the maturation of fetal adrenal catecholamine
storage vesicles when pregnant females were treated with alcohol (6% w/v) from
day 13 of pregnancy to term 18.

Placental membranes do afford the developing fetus; protection from cer-
tain classes of drugs and metabolites by blocking or severely retarding their
transport. Acetaldehyde which is the first metabolic by-product from alcohol's
breakdown can apparently not cross the placenta. This would seem to be a highly
beneficial function of the membranes, as many of the physiological effects at-
tributed to alcohol are believed to be mediated through acetaldehyde. Similarly,
nicotine crosses the placenta in only the most negligable of quantities. This
lack of bicavailability displayed by nicotine does not necessarily circumvent

smoking from exerting an effect, since the accampanying increases in carbon

ronoxide can be’ readily reflected across the placental membranes 12 Recent
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evidence has shown that fetal hemoglobin and hematocrit values are significantly
elevated in the twenty-four };our‘ old infant when the mother smoked during prreg-;
nancy 17. This relationship is dose-dependent, up to two packs of cigarettes
per day, and may well reflect the fetuses attempts to campensate to the adverse
changes in its' microenvironment brought about by either matermal smoking or
more generally. speaking, coming as a result of exposure to high levels of air
borne environmental pollutants.

The use of the electron microscope has allowed for the study of more
discrete changes in tissues brought about by drugs. When segments of the um-
bilical cord fram smoking and ﬁon—smoking mothers are studied in this manner,
the tissue from the former -had present large areas of swollen and distinctively
irregular endothelial cells, which take on a cobblestone-like appearance. Trans-
mission electron microscopy of these same tissues showed extensive areas of
subendothelial edema and markedly thickened basement membranes 1°. Caffeine may
also serve to disrupt the normal functionality of the feto-placental unit, as
experiments conducted in rats have noted decreased placental weights in treated
animals 19. These latter two effects of nicotine and caffeine should bear fur-
ther experimental consideration, as it represents another potential overlap of
effect exerted by these related habits.

When the placenta does not block the fbahsfer of a drug, as is the case
with alcohol 5,8 and caffeine 7 , the fetus is placed in the position of metabo-
lizing or otherwise eliminating the compound through its movement back into
either maternal circulation or the amniotic fluid compartment. Where it has
been studied, fetal drug metabolizing ability is extremely limited in compari-
son to that of the adult, and should it occur, proceeds at a noticeably dimi-

nished rate 20, As a drug, caffeine is apparently not metabolized by the fetus
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in wtero, with the ability to do so gained only after the first several days

of life 20. On the other hand, alcchol can be metabolized by the near term fetal
liver, with it taking approximately 12 hours to clear the drug, in those cases
where maternal blood levels reached 100 mg/dl 2+,

We have suggested recently 6 that drugs capable of crossing the placenta
raay mediate a portion of théir effect by altering the function of the fetal endo--
crine system. Presumedly, this system operates under a defined pattern, which
is so designed as to be campatible with the endocrine directed aspects of deve-
lopment. There is also the .possi..bili‘ty that such an endocrine imbalance would
be additive, in that many of the changes in maternal hormonal balance brought
about by a drug, would be reflected across the placental membranes. .

A model system for this type of drug mediated change in endocrine func-

tion can be seen in the ability of alcohol 2

and smoking 9 to increase circu-
lating levels of the corticosteroids. Physiologically, the exogeneous appli-
cation of corticosteroids to pregnant test animals has shown the potential of
this class of hormones to affect cellular division and in doing so alter the
development of a diverse number of bodily systems 5 Should alcohol increase

the rate of synthesis and release of fetally derived corticosteroids, one is left
to speculate whether premature shifts in endogeneous hormone concentrations would
not exert the same form of negative effect as those seen where the hormone was
exogenaously applied. That alcohol may mediate such a honﬁonal event can be
partially supported by the observation that in those cases where premature labor
wias blocked by maternal alcohol infusion adjunct administration of lung matur-

ing corticoids is not necessary, presumeably because of drug induced fetal corti-

. . 23
cold secretion .

Experimental evidence in animal models and clinical observations in hu-
nans have shown that pregnancy is accampanied by characteristic changes in the

cyclic nucleotide balance. This pattern is evident whether monitored at the
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fetal tissue level, amniotic fluid, maternal plasma or urine 6’7. Vhile the.

cyclic AMP concentrations vary with the compartment analyzed, the basic trend

is most generally one of low values during the earliest stages of pregnancy

but increasing as development progresses. That cyclic AMP plays a role in the
reproductive process can be seen by the fact that pregnancy in mice can be blocked
by the administration cof the nucleotide 2“. When early mouse embryos are cultured
in the presence of phosphodiesterrase inhibitors, the treated embryos die in a
dbse~response mannar, presumeably as a result bf accumulating intracellular le-
vels of the nucleotide 25 Alcohol and caffeine both possess the biochemical
ability to affect these levels of cyclic AMP in the .fefus, and, in doing so,
potentially alter the course of Flevelopment. It has been suggested that altera-
tions in eyeclic AMP levels may explain a portion of the dose-reéﬁonse increase

in reabsorptions been in laboratory animals treated with caffeine during preg-
nancy 7 The diverse number of cellular processes which are apparently mediated
through the cyclic nucleotides makes this a particularly vulnerable locus for
dr;ug action. This is especially true in the developing fetus, where cellular
division and differentiation represent such key elements of the process.

The extent to which a drug exerts a negative influence on the repro-
ductive process may never be known conclusively, as a firm judgement of effect
 can only be made after a careful assessment of the compounds biological and
chemical properties, properly designed animal experimentation, and appropriate
epidemiologic observations. Even in those cases where all of these criteria
have been adequately satisfied, there may still exist certain extricable doubt
as to the conclusions drawn. This type of contradiction can best be i1llustrated
with epidemiologic studies of smoking and pregnancy. Even though similar metho-
dologies have been employed in all of these studies, the final conclusions ren-
dered range from increased incidence cf reproductive loss 2 and congenital mal-

. 3 - .
formations 7, to observations which do not allow for a clear case of cause and

TI05192637




effect ‘6, to even questioning the role of smoking 27. To a lesser extent animal

studies display this same basic pattern of variability of noted response. The
natural association and over,la-p of physiologic effects exerted by alcchol, caf-
feine and nicotine necessitates their being tentatively thought of as é group .
until claritative data can be derived. 'This reservation seems especizally perti-
nent in the epidemiologic investigations of the area which in the past have not
always considered the possibility of overlapping and additive effects of drug
useage.
Summnary

¥hile it is often convenient to visualize drug medﬁ.ated effects as being
a direct consequence of the drugs'® presence or action, in the course of preg-
nancy, the indirect alterations may be of more importance. Clearly, metabolic
and endocrine imbalances, whether occurring at the maternal and/or fetal level,
represants drug effects which may seriously jeopardize the normal completion of
the delicate developmental process. It may well be that these indirect effects
are the primary mode by which the associated habits of alcchol, caffeine and

nikbtine affect the course of pregnancy.
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Figure 1 - Model for describing direct and
indirect effects of drugs on the
developing fetus.

T105192641




23. Barrada MI, Virnig NL, Edwards LE, et al: Maternmal intravenous ethanol -
in the prevention of respiratory distress syndrome. Am J Obstet Gynecol
129:25-30, 1977

24. Ryan WL, Coronel DM: Adenosine 3' ,5' , monophosphate as an inhibitor of
ovulation and reproduction. Am J Obstet Gynecol 105:121—123; 1969

25. Fisher DL, Gunaga XP: Theophylline induced variations in cyclic AMP content
of supemvulatéd preimplantation mouse embryos. Biol .Reprod 12:471-476,
1975 | '

26. Silverman DI: Maternal smoking and birth weight. Am J Epidemiol 105:513-
521, 1977 |

26. Yerushalmy J: The relatio:nship of parents' cigarette sxﬁoking to the out-
cane of pregnancy: Implications as to the problem of infer*r:ing causation

fram observed associations. Am J Epidemiol 9u4:u43-456, 1971

T105192642




Metabolic and
Related Alterations

h o

4 7

W

Drug:

e e P g S —— A A W Sl

*Endocrine

Placental Membranes

\
N

/

\

rd
L

i oum  Smic GIES CUEES EERSe el Weis CAed  vlemls s

Develop

Ti05192643




Metaholic and
_~"Related Alterations

v
Y

™~

Endocrine

T4

Placental Membranes

\
\
\

/
7/

L

> Endocrine
d 4

Y

\

N

- Developing Fetus-—--~ Cell Developmen

and Function

Tl05192644




