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ABSTRACT

Hea'lthy pregnant sheep, gestational age l?4 to L42 days, were

surgi ca'l 'ly prepared wi th í ndwel 1 i ng catheters i n the maternal and fetal

femora'l arteries and veins. A 9.5 percent v/v solution of ethanol in 5

percent w/v dextrose in water was infused via the maternal femoral veÍn

at a rate of 15 ml /kg over 2 hours 0.2 g/kg) . Simul taneous bl ood

samples trere obtained from the maternal and fet,al femoral arteries, at

30 mÍnute interva'ls starting iust prior to the infusion and for 5 to 7

hours after the infusion. Peak maternal and fetal ethanol

concentrations, both at 2 hours after start of infusion, were 1.8 + 0.1

and 1.9 + 0.1 g/L (mean t S.E. ) respective'ly. Maternal and fetal plasma

ethanol clearance rates were 203 + 13 and 206 + 5 ng/U/n respectively.

Slight Íncreases in maternal and fetal heart rates were observed with

materna'l ethanol infusion, but no other cardiovascular changes were

demonstrated.

Infusion of this same ethanol solutíon at the same rate into the

fetus for t hour (0.0 g/fg) resulted in a peak concentration 4 times

greater in the fetus than the mother, 4.7 and L.2 g/L respectively.

Feta'l death occurred 5 minutes later. Fetal ethanol infusion of 0.5 g/kg

over 4 hours also produced a peak concentration 4 times greater in the

fetus than in the mother, 1.2 and 0.3 g/l- respective'ly. This difference

was minimized using a lower infusion rate of 0.3 g/kg over 3.5 hours.

Maternal and fetal peak concentrati ons lvere 0.5 and 0.4 g/L

respective'ly. These data may be interpreted as evidence for impaired

transfer of ethanol from fetus to mother. Maternal and fetal plasma

ethanol clearance rates were sÍmilar to those in the maternal infusion

studies, 180 1 11 and L97 ng/Llh respectively. Fetal heart rate was

found to decrease with increasing ethanol concentration in this series,
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an effect opposite to that observed in the maternal infusion studies.

This suggests that reflex responses in the maternal infusion studies may

cause different cardiovascular effects in the fetus depending on the

site of infusion. The only other change noted was a slight decrease in

maternal blood pressure.

Newborn I ambs !,rere surgi ca'l ly prepared wi th i ndwel 1 i ng catheters i n

the femora'l artery and vein. The sarne ethanol solution Ì{as ínfused via

the femoral vein at a rate of 0.6 9/kg over t hour. Arteria'l blood

sarnpl es h,ere col 1 ected every 30 mÍ nutes for 2 hours, and every 60

minutes thereafter until 8 hours after start of infusion. Peak plasma

ethano'l concentratíon, at the end of the infusion was 0.64 + 0.03 g/1.

Plasma ethanol clearance rates ranged fron 2? - 56 mg/l-lh, which is less

than 25 percent of that observed in near term pregnant ewes. Plasma

c'learance in 3 or 5 day old'lambs (qO - 56 ng/L/h) was greater than in L

or 2 day old 'lambs (22 - 26ng/L/h). Tnus, ethanol disposition is

impaired in the neonatal lamb. No significant cardiovascular changes

were observed. These data are consistent with the interpretatÍon that in

the pregnant ewe, the fetus is primari 1y dependent on maternal

metabolism for elimination of ethanol from its environment.

The actÍvity of alcohol dehydrogenase (ADH) in maternal liver was

determîned to be 729 + 150 mU/g tissue (¡=4) with a pH optimum of 9.0.

Fetal ADH activity.was 72 + 9 mU/g tissue (¡=5) with a pH optimum of

9.6. This is similar to the activity of newborn lamb liver ADH, 54 + L1

mU/g tissue (n=9), with a pH optimum of 9.6. Liver enzyme activity was

found to increase with lamb age. The activity of p'lacenta'l ADH was much

'lower, 15 + 3 mu/g tissue (n=4), wfth a pH optimum of 9.0. No

correlation between plasma ethanol clearance and liver ADH at optima'l pH
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or at pH 7.4 and 25 oC o. at pH 7.4 and 37 oC for the same animals could

be shown for neonatal lambs.

ADH acti vi ty and the capaci ty for ethanol e'l i mÍ nati on i n the

neonate are diminished. This may present problems to the intoxicated

neonate in his physio'logical adaptation to extrauterine environment

after birth.
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I NTRODUCTION

A. Genera'l Pharmacoìogica'l Properties of Ethanol

Ethanol, common'ly referred to as ethyl alcohol or alcohol, was once

consi dered a remedy for practi cal 'ly a'l 1 dí seases. It i s now recogni zed

that its legitimate therapeutic use Ís more limited than its social use.

Ethanol is the active ingredient of beer, wine, spirits, and other

a'lcoholic beverages. It is widely used as a solvent for many drugs and

is used as a vehicle for medicina'l preparations. Ethano'l concentrations

of 40 percent or more may be found in some oral drug products (Parker

and Baillie 1983). Ethanol is used topically as an astringent and skin

dÍsinfectant. It has also been used to improve appetite and digestion.

I njectÍ on of dehydrated ethanol i n cl ose proxi mi ty to nerves or

sympathetic gang'lia resu'lts in relief of pain. It is sometimes used in

trigemÍnaì neural gia and inoperab'le cancer (Ritchie 1975).

Excessive consumption of ethanol can create many psychological,

medi ca'l and soci o'l ogi ca1 probl ems. The costs to soci ety i n terms of I ost

production, crime, fÍre, welfare, motor vehicle accidents, health and

medical care and alcohol programs and research are inrnense. Alcohol

research cannot focus on any one aspect, but shoul d encompass

epidemiologica'l , etio1ogical , 'legal, and pharmacological studies.

Certain diseases have been recognized as consequences of direct or

indirect toxicity of ethanol. The acute and chronic physiologica'l

effects of ethanol have been studied in man and animals. However, the

effects of ethanol on the devel opi ng fetus have only recently been

realized and must be explored further.

a. Centra'l Nervous System

The central nervous system (CNS) is affected'by acute ethanol

ingestÍon to a greater degree than any other body system. Most obvious
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are the effects of acute ethanol intoxÍcation. The effects of ethanol on

the CNS are proportional to the blood ethanol concentration. Ethanol is

a primary and continuous depressant of the CNS. At blood ethanol

concentrations of 0.3 g/L, non-habituated drinkers experience mild

euphoria. Depression of subcortical inhibitory control mechanisms

results Ín unrestrained activity which has led to the mÍsconception that

ethanoì Í s a st,i mu I ant. Motor performance, i ncl ud'i ng speech and eye

movement control , ôs wel'l as compl ex motor ski I I s and 1 earni ng

processes, becomes slori,er, 'less accurate and random as b'lood ethanol

concentrations reach 1.0 g/L. As intoxícation proceeds to approach blood

ethanol concentrations of 4.0 g/L or greater, the depressant action

spreads and genera'l Ímpairment of nervous function results. A condition

of general anesthesia, respiratory depression and death may follow. The

association of blood ethanol concentratíons with CNS effects is not

valid in chronic alcoholics who deve'lop tolerance to the effects

(Ritchie 1975).

Chronic excessive ethanol ingestion is directly assocÍated with

serious neurological and mental disorders inc'luding brain damage, memory

loss, sleep disturbances and psychosis. Nutritional deficiencÍes in

alcoholics may lead to neuropsychiatric syndromes. l'lernicke's

encephalopathy, Korsakoff's psychosis, alcoholic polyneuropathy, and

cerebral degeneration result from chronic ethanol consumption (Nakada et

al. 1984).

b. Cardiovascular System

Ethanol has si gni f i cant and de'l eteri ous physi o1 ogi ca'l and

biochemical effects on the cardiovascular system. Generally, ethanol is

a myocardia'l depressant after acute ingestÍon. Depressed contractility

-14-



of ventricular musc'le due to ethanol has been demonstrated Ìn vitro in

rats (Hirota et al. L976). Acute in vivo experiments in man have shown

an increase in cardiac output associated with increases in heart rate or

stroke volume (nift et al. 1969). However, more recent studies using

systolic time Íntervals have demonstrated that acute ethanol ingestion

produces definite depression of left ventricular contracti'lity in normal

volunteers (Rhmed et al. 1973). Studies in non-a]coholic patients with

heart disease have proven the myocardial depressant effects of ethanol

(Gould et al. 1971). However, Greenberg et al. (1982) reported no

evidence of acute deterioration of cardiac performance in patients with

congestive heart failure. Segel et a'|. (1984) concluded that the net

mechanical effects of acute ethanol ingestion in patients with cardiac

di sease wi I I vary accordi ng to the re'lati ve i nf 'l uences of

ethanol-induced peripheral vasodÍlation and direct myocardia'l depression

as well as the underlying cardiac reserve.

Chroni c ethanol i ngesti on i s associ ated wi th al cohol i c

cardi onyopathy. The cel 'l ul ar mechani sm of ethanol 's di rect depressant

effect on cardiac muscle has not been established. The acute effects of

ethanol may be re'lated to increases in membrane fluidity, and the

chronic effects may be due to alterations in membrane 'lipids (Katz

L9B2l. Ethanol has been shown to Ínhibit mitochondrial and sarcoplasmic

reticulum calcium ion transport activity (netig et al. L977). Increased

triglycerÍde content, depressed mitochondrial respiration, depressed

myofibrillar adenosine trÍphosphatase activity, and decreased protein

synthesis have also been postulated as possib'le biochemical changes

contrÍbuting to alcoho'lic heart disease (Bing 1982).
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The acute effects of ethanol on the electrohysiologÍcal properties

of the heart were studÍed in vÍvo by James and Bear (1967) who perfused

sinus node arteries in dogs. No chronotropic changes were seen except

with lethal doses of ethanol. However, a marked accelerat,ion of heart

rate was observed wÍ th acetal dehyde. Both atri al and ventri cu'l ar

arrhythmias have been observed after the onset of heart failure in

alcoholics (Bashour et al. 1975), but no electrophysiological changes

have been observed with acute ethanol ingestíon by non-alcohol Íc

subjects. The most consistent effect of ethano'l on cardiac muscle in

vitro is the shortening of action potential duration (l,lilliams et a'|.

1e80 ) .

Moderate doses of ethanol cause vasodilatÍon. Vasodilation of the

coronary vasculature has led to the suggestion that low doses of ethanol

may be beneficial to the myocardium. Vasodilation of the coronary

vasculature has been consistently reported to be signifcant'ly greater in

animals than in humans (Regan 1982). Acute doses of ethanol can produce

perípheral vasodilation and lower blood pressure. These dilator actions

may be related to calcium transport across vascu'lar membranes (Altura

and Altura 1982). Acute and chronic ethanol ingestíon can result ín

cardiac and vascular alterations which may be due to ethanol itself or

to its metabolite, acetaldehyde.

c. Skeletal Muscle

Ethanol i ngesti on i s known to cause al coho'l i c myopathy. Acute

alcoholic myopathy involves muscle swelling, rryoglobinuria, and

i ncreased serum creati ne phosphoki nase. Chronic alcohol ic myopathy,

characteri zed by the gradual evol ution of predomi nantly proxima'l

weakness and muscle atrophy has been observed in chronic a'lcoho'lics. The
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mechanisms underlying alcoholic myopathy are believed to be similar to

those in alcoholíc cardiomyopathy because of the sÍmilarities between

cardÍac and skeletal muscle (Rubin 1979).

d. Gastrointestinal Tract

Acute and chronic ethanol ingestion results in adverse effects on

the gastroi ntesti nal system. Increase Ín appeti te after ethanol

ingestion is attributed to stimulatÍon of the end organs of taste and to

a generaì sense of wel'l being. Low concentrations of ethano'l stirnt¡late

the gastric glands to produce acid, apparently by causing tíssues to

form or release histamÍne. Gastric secretions are inhibited by ethano'l

concentrations of about 20 percent. Concentrations of 40 percent and

over are ÍrrÍtating to the mucosa and cause congestive hyperemia and a

state of acute gastritÍs. There is no evidence to implicate ethanol as a

cause of peptic uìcer disease. Acute and chronic ethanol ingestion

interfere with the transport of fluÍd and nutrients in the sma'll

Í ntestÍ ne, Thi s may resul t i n marked di arrhea and i ntesti nal

ma'labsorption. Acute and chronic ethanol ingestion alter pancreatic

membrane structure and function (Burbige et a].1984).

e. Metabolism and the Liver

Ethanol exerts numerous effects on intermediary metabolism Ín 'liver

cells. Gluconeogenesis is inhibited, resulting in hypoglycemia. This may

be associated wfth a reduction in the ratio of intracellular NAD:NADH

caused by ethanol metabo'lísm. Ethanol causes the accumulation of certaín

amino acíds in hepatic cells. Decreased synthesis of transferrin,

aìbumin, and complement result. Lipoprotein synthesis Ís increased and

may cause hypertrig'lyceridemia. The decreased NAD:NADH ratio also causes

an increase in 'lactate productÍon which may lead to decreased urate
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excretion and decreased activity of the tricarboxy'lic acid cyc1e.

I ncreased generati on of NADH may al so be i mp'l i cated i n aì cohol i c

ketoacidosis. Ethanol causes accumulation of fat in the liver, even with

moderate Íntake. This is due to increased fat, synthesis and mobi'lization

of fat from periphera'l tissues. The toxic effects of ethano'l on the

liver cause sÍgnifÍcant morbidity and mortalÍty. Alcoholic hepatítis

involving hepatocellular necrosis may present in chronic alcoholics.

Cirrhosís is the irreversible end stage of alcoholic 'liver disease. It
can follow alcoholic hepatitÍs but the relationship between cirrhosis

and fat,ty liver is not clear (Isselbacker t9771.

Ethanol interferes with the metabolism of other drugs. Acute

ethanol ingestion generally inhibits the metabolism of other drugs, most

commonly by competition for a partiaì'ly shared microsoma'l pathway in the

lÍver. 0n the other hand, chronic ethanol ingestion generaìly enhances

its own metabolism by increasÍng the actÍvity of the microsomal ethanol

oxi di zi ng system (MEOS ) . Thi s i nducti on spi'l I s over to other drug

metabolizing enzymes Ín hepatic micromsomes especially the cytochromes

P-450 (Lieber L9771.

f. Kidney

tthanol causes di uresi s due to a transíent supressi on of

antidÍuretic hormone re'lease. It does not a'lter the sensitivity of the

tubules to endogenous or exogenous antidiuretic hormone. The degree of

diuresis seems to be related to the duration of the rise in ethanol

concentration. It occurs only during the initial phase of ethanoì

administration and does not persist with prolonged drÍnking (Ritchie

1975).
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The physioìogical effects of ethanol have been extensive'ly studíed

in man and animal s. However, untÍl recently, the teratogenic and

fetotoxic effects of ethanol have been overlooked. Whether the acute and

chronic responses to ethanol in the fetus are similar to those in the

adult or exaggerated has yet to be thoroughly investigated.

B. Ethanol Use During Pregnancy

a. Social Use

Atthough the deleterious effects of prenatal exposure to ethano'l

have 1 ong been recogni zed, not unti'l the ear'ly 1970's has thi s

assocíatÍon been seriously examined ín scientific studies. Clinical

alcohol Ínt,oxication is seen with alarming frequency during pregnancy.

The estimated incidence of chronÍc alcoholism is between 0.42 and L.2

per 1000 pregnancies (Hanson et al 1976). Maternal a'lcohol Íngestion may

result in fetal toxicity. A unique pattern of ma1formations in the

offspring of chronic alcoholic mothers, identified as fetal alcohol

syndrome (FAS) by Jones and colleagues (tgZg), has been well described.

Over 450 cases have been reported in the literature (Sokol 1981). All

cases have involved children of chronic alcoholic mothers (Sokol 1981).

Features of the syndrome include; intrauterine and postnatal growth

deficiency, as determÍned by weight, length, and head circumference, a

distinctive pattern of physical malformations including microencephaly,

shortened palpebral fissures, hypoplastic philtrum, thin upper 1ip, flat

nasal bridge, joint, 'limb, eye and ear abnormalities, cardiac defects

(prÌmarí'ly septal ), and centra'l nervous system dysfunction, including

physiological depression, hypotonia, irritabi'lity, iitteriness, menta'l

retardation, poor coordination, and hyperactivity during chil dhood

(Newman & Correy L980, Sokol 1981). The incidence of FAS is estimated to

- 19-



be 1 to 2 live births per 1000 and partia'l expression of this syndrome

occurs in about 3 to 5 live births per 1000. DependÍng on the popuìation

studied, the incídence of FAS in infants of chronic alcoholÍc mothers is

between 30 and 40 percent (Streíssguth et al. 1980). These figures are

considered to underestimate the incidence of FAS as it often is

misdiagnosed (Abel 1980). A'lcoho'l related deficits may be missed in

chÍldren at birth as the effects may not be inrnediately apparent or

i denti fi abl e.

However, the amount of alcohol required to produce fetal damage is

not known. There appears to be a continuum of effects of a'lcohol on the

fetus with increased severÍty of outcome genera'l1y assocÍated with

higher alcohol intake by the mother (l-ittle and Streissguth 1981). FAs

Ís the most dramatic in the spectrum of adverse effects. Toxic rather

than teratologic fetal effects are also observed. Stillbirths are found

to occur twice as often in women having at least 3 drinks per day than

in women having less than that amount. Spontaneous abortion in the

second trÍmester has been shown to occur 3 times more frequent'ly Ín

women ingesting more than 3 drinks per day as in those having'less than

1 drink per day. Disturbances in patterns of sleep and wakefulness in

the newborn are attributed to materna'l alcohol ingestion. There is no

evidence that beverage content other than alcohol affects outcome.

Outcome may be influenced by other variables such as smoking, hepatic

dysfuncti on, other drugs , and poor nutri tÍ on ( Rosett et al . 1983 ) .

Certain differentials in alcohol related defects may depend on the

stage of fetal development. The first trimester is critÍca'l for

dysmorpho'logy, the second trimester for feta'l 1oss, and the third for

impaired intrauterine growth. Rosett et a'|. (1983) reported that a
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reduction in alcohol consumptÍon in mid-pregnancy can benefit the

newborn. Eighteen of 43 heavy drinkers (having not less than 45 drinks

per month ) markedly reduced al coho'l consumption before the thi rd

trÍmester. Neonates born to women drinking heavi'ly in early pregnancy,

who reduced consumption before the third trimester were similar to

offspring of rare and moderate drinkers in growth parameters, but

exhibited more congenital abnormalities. More growth retardation was

seen Ín the offspring of heavy drínkers (Rosett et al. 1983). tt¡e

duration and timing of alcohol consumption require further exploration.

The effect of binge drinkíng is not understood.

Despite its common occurrence, the acute effects of moderate

alcohol consumption on the neonate are still not clear'ly defined.

Inverse I inear relationships between alcohol consumption and infant

birth weÍght have been reported (Hanson et al. 1978). Other studies have

found no relationshÍp between moderate consumption and birth weight or

frequency of physica'l anomalies (Tennes and Blackard 1980). Problems in

study design make it diffÍcu1t to obtain conclusive evidence. Self

reports of drînking may not be reliable. The criteria for moderate

drinking vary from 1 drink per month to 4 drinks' per day and do not

account for frequency and variabi'lity (Hanson et al . L978). Further

delineatíon of the kinds and degrees of feta'l risk associated with'light

to moderate alcohol ingestÍon by the mother is requÍred.

b. Medical Use

High morbidity and mortali'lty have been assocíated with premature

bi rth. Thus, di fferent pharmacol ogi ca1 methods, i nc1 udi ng the

therapeutic use of alcohol, have been used to arrest labour and to

postpone delivery when labour begins prior to term (Hemminki and
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Starfiel d 1978). Fuchs et al . (L967 ) demonstrated that the

administrat,ion of alcoho'l has defÍnite inhibitory effects on uterine

actívíty in early labour. Fuchs (1966) showed that alcohol inhibits the

release of oxytocin by the posterÍor pituitary whereby it suppresses the

milk ejection reflex and depresses uterÍne activity (Fuchs & Wagner

1963, Luukkainen et a'|. 1967). A'lcohol does not act at the myometrial

cellular level (Otlts L970, Challis and Mitchell 1981). Fuchs et al.

n967 ) administered alcohol as a 9.5 percent v/v solution in 5 percent

w/v dextrose Ín water Íntravenously to 68 patÍents in threatened

premature labour. In the fÍrst 43 patients, a loading dose of I2.5 ml/kg

body weight, over one hour was followed by a maíntenance dose of 1.25

ml/kglhr. ThÍs dosage regimen, often associated with nausea, vomiting,

and discomfort, was changed for the remaining 25 patients to a loading

dose of 15 m'l/kg over 2 hours, and a maintenance dose of 1.5 m'l/kg/hr.

This resulted in blood ethanol concentratÍons ranging from 0.9 to 1.6

g/1, as determined from the ethanol content of expired air. There were

no real differences between the dose schedules with regard to final

outcome. Alcoho'l was found to inhibit uterine contractions in all cases.

In 43 cases, complete cessation of contractions was noted and in 25

cases, there was a dÍstinct reduction in their intensity and frequency.

The prevention of del i very was successful , meani ng that I abour was

arrested and delivery was postponed for at least 3 days, in 35 of 42

patients with intact membranes, but in none of the 16 patients with

ruptured membranes. It appeared that ethanol may be adminístered to

patients in premature labour wíth some degree of clínical success (Fuchs

et al. t967). Fuchs & Fuchs (1981) reported a success rate of 64 percent

in over 500 patients they have treated with ethanol since their first
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pub'licatÍon. Some controversy exists over its effectiveness (Zlatnik et

al. L972, Graff 1971). Graff (L97I) reported hÍs attempts to arrest

premature labour wÍth alcohol a failure. However, inappropriate dosage

schedules, ear'ly dÍscontinuation of the infusion, and failure to repeat,

treatment may have contributed to failures (Fuchs & Fuchs 1981).

A prerequisite for any successful therapy is that Ít be safe for

both mother and fetus. More know'ledge concerning the effects of ethanol

on the fetus i s requi red. Many studi es i n the 'l i terature have

investÍgated the fetal response to ethano'l with conflicting results

(l{agner et al . t970, Idanpaan-Hei kki I a et a1 . L972, l.lal tman et al .

L9721. Neonatal toxicity and death associated with acute transplacental

ethanol intoxícation, have been reported when ethano'l was used in

attempts to prevent premature delivery (Cook et a'l . 1975, Jung et a] .

1980, Peden et a]. t973). Wagner et al. (1970) investígated the effects

of acute exposure to ethanol in a group of 6 premature infants and

reported no significant changes in alertness, motor activity,

circulation, respiration, or acid base status, even with blood ethanol

concentrations as high as 0.9 g/L. Barrada et al. (tgll ) reported a

significant decrease in the incÍdence of respiratory dÍstress syndrome

(RDS) and the mortality associated with it, in neonates of mothers

treated with ethanol. They concluded that ethanol exerted a protective

effect on RDS development in neonates, which is best realized after a

full 6 hour course of treatment. Zervoudakis et al. (1980) reported a

higher incidence of RDS in 165 ethanol-treated infants compared to

control infants in a retrospective study. Blood ethanol concentrations

for mother and fetus were not reported. They conc'luded that the

intravenous adm'inistration of ethanol should be discontinued as soon as
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it is evident that labour cannot be arrested in order to mÍnimize risk

to the immature fetus

Idanpaan-Heikkila et al. (L972) studied pìacental transfer and

eliminatÍon as wel'l as the clinical and metabolic effect,s of ethanol in

the mother, fetus, and newborn infant. Six healthy pregnant women

received an infusion of 8 percent v/v ethano'l Ín normal saline at a rate

of 6 ml/minute beginning 1.5 to 3.5 hours prior to delivery and ending

at delivery. ThÍs is equivalent to doses of either 0.39 to 0.52 Slkg

over 1.5 hours or 0.90 to 1.20 g/kg over 3.5 hours. After 30 minutes of

infusion, the average fetal ethanol concentration !'Jas 60 percent of

materna'l concentration. This concentration difference disappeared after

60 minutes of infusion and !{as not apparent at delivery. The mean

ethanol elimination rate in the fetus, (,77 ng/L/h) calculated over 4

hours, was almost half as fast as the mean maternal ethanol elimínation

rate ( 140 mg/L/h ).

Seppala et al.(L97L) reported a case where twins were born 4 hours

after treatment of the mother with a total of 72 g ethanol. Blood

ethanol concentrations at de]ivery were 0.58,0.67, and 0.53 g/L in the

mother, twin A, and twín B respectively. El imination rates were

determined to be 140, 80, and 70 ng/Llh respectively. Lower elimination

rates in the fetus and neonates may be due to low alcohol dehydrogenase

(ADH) levels (Pikkaraínen and Raiha 1967).

C. Pathways of Ethanol Oxidation

A number of studies in different animal species have shown that the

liver is the principal organ for ethanol eliminatíon (Hawkins and Ka]ant

L972\. HepatÍc metabolism accounts for at least 75 percent of total

et,hanol el i mi nati on (Wi nk'l er et al . 1969 ) . Ethanol metaboì i sm occurs i n
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two steps. It is initiated by the oxidation of ethanol to acetaldehyde.

The principal activity responsible for ethano'l oxidation ís the cytosol

enzyme, ADH. ExtrahepatÍ c ti ssue contai ns 'l i ttl e ADH . Acetal dehyde i s

further oxÍdized to acetate in the 1 iver, by various a'l dehyde

dehydrogenases. Most of the acetate and some of the acetal dehyde formed

are released Ínto the hepatic venous b'lood and metabolÍzed Ín a number

of tissues. Acetate is a readily utilized substrate for most tissues and

may be oxidized to carbon dioxide and water via the Kreb's cyc1e. Only a

smal'l amount is oxidized further in the liver, or is converted to other

intermedÍate metabolites such as fatty acids and ketone bodies. Venous

catheterization studies in normal human subjects have shown that, on

average, 75 percent of the ethanol taken up by t,he liver is released as

acetate into the circu'lation (Lundquist et al. L9621.

The rate of ethanol oxidation by the liver is relatively constant.

The maxima'l mean hepatic metabol ic capacÍty for ethanol has been

determíned to be 1.6 mmol/min (Wínkler et al. 1969). Extrahepatic

metabolism in man has been estimated at 0.4 mmol/min (Larsen 1959).

Alternate pathways to ADH may contribute to variation of ethanol

oxidation rates (LÍeber and DeCarli 1973).

The enzyme systems found to catalyze the oxidation of ethanol to

aceta'ldehyde in vÍtro are ADH, catalase, and the microsomal ethanol

oxidizing system (ME0S). tfre product of these reactions is acetaldehyde.

Evidence for the participation of each system in vivo is indirect.

Additional'ly, there exist some minor hepatic pathways and some

extrahepatic pathways for metabolism of ethanol (t-t L977, Hawkins and

Kal ant t972).

a. Alcohol Dehydrogenase

i. Enzymatic Properties
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In experimental animals and in humans, liver ADH Ís primarily

responsible for the metabolÍsm of et,hanol (Hawkins and Ka]ant Lg72\. ADH

cata'lyzes the reversib'le interconversion of a large variety of alcohols

and their corresponding a'l dehydes and ketones. Broad substrate

specificity is a characteristic property of all mammalian lÍver ADH.

Substrates include primary and secondary, but not tertiary, saturated

aliphatic and aromatic alcohols and their corresponding a'ldehydes and

ketones. Nicotinamide adenine dinucleotide (NAD) and reduced

nicotinamide adenine dinucleotide (NADH) are coenzymes in the reaction.

These enzymes utilize NAD(H) in preference to NADP(H). ADH cataìyzes the

reversible reaction:

NAD+ + CH3CHZ6H

The reactíon proceeds from left to right provided aceta'ldehyde is

removed, even though the posÍtion of the equilibrium is unfavourable for

oxidation. Studies on ADH have been performed on horse, rat, guinea pig,

monkey, and human livers. The reactÍon has a sequential mechanism:

ADH + NADH ADH.NADH

H+ + ADH-NADH + cH3cH0 <-'-¡¡9¡1-NAD++ cH3cHzgH

RoH-¡lRo+t--+ADH + ¡4P+

The regu'lation of the kinetic mechanism has been described by Theorell

and Chance (1951). The rate constants of binding of coenzyme are

independent of whether the enzyme is free or occupied by substrate. The

interconversion of the ternary comp'lexes is rapid. The dissociation of

the coenzymes from these complexes is much slower than the dissociation

of the substrate, as the substrate is less tight'ly bound to the enzyme.

The dissociation of the enzyme-coenzyme compound is facilitated by high

pH'values (Theorell and llliner 1959). The rate of the overaìl reaction of
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ethanol oxidation is limited by the dissociation of the binary ADH-NADH

comp'lexes. This last step of the reaction is the slowest partial process

in ethanol oxidation (Thfeden 1975). Thus, the rate of NADH oxidation is

rate limiting. Reoxidation occurs primarily in the mitochondria and is

coup'led to oxi dati ve phosphory'lati on (Peters 1982 ) . fnl s mechani sm may

not be appl i cabl e to a'l 'l mammal i an 1 Í ver ADH enzymes (Pi etruszko 1975 ) .

The rate of ethanol oxidation depends on NAD supply, rather than on the

amount of activity of ADH. However, recent evidence suggests that the

initial burst of aceta'ldehyde formation may depend on ADH activity, not

on the speed of NAD formation (Peters 1982).

The pH optimum for ethanol oxidation in man is about 10.8. At pH

7.0, activity is 40 percent maxima'l and decreases to zero at pH values

less than 6.0 (von Wartburg et al. 1964). tne K, values for ethanol

oxÍdation for human, monkey, and rat are surnmarized in table 1. K*

va'lues for human ADH in vitro vary depending on the amount of isoenzymes

present in the preparations (Blair et al. 1966, von Wartburg et al.

1.964, Pikkarainen and Raiha 1967, Lf 19771 and are in agreement with

those obtaÍned in vivo (Lundquist and l,lolthers 1958, Li L9771. K, values

of ethanol oxidatÍon for rat and monkey in vitro (Reynier 1969, Theorell

et a'|. 1955) and in vivo (Makar and Mannering 1970) are sÍmilar and

withÍn the range of human values (table 1). The K, for catalase and ME0S

is about 10 x 10-3 M (Lieber and DeCarli 1970a, Thurman et al. Lg72\.

ii. Molecular Properties

Human, horse, and monkey ADH are sl'mí I ar in thei r mol ecu'lar

weights, amino acíd composition, and zinc content (t-i L977l,. The

molecular weight has been calculated to be 80,000 for all enzymes by

summing the molecular weights of component amino acids. All enzymes

-27 -



TabLe I Comparison of reported Km val-ues for
ethanol oxídation ín vltro and ln vivo

ín man, monkey and rat.

Species

Man

Monkey

Rat

-?K x 10"M
m

ín vítro ín vivo

0.4to18 2to3

1.8, 2.1 4,6

0.5, 1.9 2.7
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appear to be dirneric molecules, containing two subunits of equal

moì ecu'l ar wei ght. Horse and human I i ver ADH contai n one NADH mol ecul e

per subunit (Pietruszko 1975).

Human, horse, rat, and monkey liver ADH all contain four atoms of

firmly bound zinc per mo'l enzyme or two atoms per subunit (Drum et al.

L967, Arslanian et al. 197L, Dafeldecker et a]. 1981a,b). Drum et al.

(1967) demonstrated that loss of two of the four zinc atoms resulted in

comp'l ete I oss of cata'lyti c acti vÍ ty, whÍ I e the terti ary structure was

maintained. Thus, it was postu'lated that ADH contains two types of zinc

mol ecu'l es. The fi rst type i s concerned wi th enzymati c acti vi ty

(catalytic zinc) and the second type contributes to maintenance of

structure (structural zinc). Each subunit contains one of each type of

zinc molecule. Zinc is not required for coenzyme or substrate binding to

the ADH active síte. Its role in the cata'lytic mechanism of ADH is

uncertain (Pietruszko 1975)

i i i . Mul ti pl e Mol ecul ar Forms

ADH exists in multiple molecular forms with different catalytic and

kinetic properties. Horse, monkey, and human liver ADH dísplay multip'le

molecular forms, whereas only one molecular form for rat liver ADH has

been i denti f i ed. Al l enzymes produce mu'l ti p'le bands on gel

electrophoresis (pietruszko 1975). The molecular basis of the 3 major

isoenzyme forms in horse 1iver, due to the formation of dimers from

dí ssi mi I ar polypepti de chaÍ ns , has been el uci dated ( Pi etruszko 1969 ) .

The amÍno acíd sequence for rat liver ADH appears homogeneous with no

structurally distinct subunits. Separation on electrophoresis appears to

be an artifact of the purification procedure (Pietruszko 1975). Although

the molecular weights for mammalian liver ADH are identical, the amino
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acid sequence can vary, indicating that polypeptide chains from which

dimeric molecules of ADH are assemb'led may be coded by different genes.

DÍfferences in the amino acid sequence Ín the poìypeptide chains of

human liver ADH have been observed (Smith et a'|. 1971).

Horse, human, and rat liver ADH have similar but not identical

amino acid composition, and a similar number of amino acid residues per

subunit (Pietruszko 1975). Eighty percent amino acid homology is

observed among horse, human, and rat liver ADH, and homology between

horse and human'liver ADH is greater than 90 percent (Pietruszko 1975).

SÍmi'lar data have not been reported for human and monkey'liver ADH,

aìthough a high percentage of homology is anticipated (Dafeldecker et

al. 1981a,b). No data are available for sheep liver ADH.

Heterogeneity in the molecular forms of human liver ADH develops

perinata'|1y, and is present in adult livers to variable and different

extents (von Wartburg et a1. 1964). In some livers, as many as 7 to 9

major bands, identified by electrophoresis, are observed. The specific

activity of ADH varies wide'ly between lfvers. The complex multiplÍcity

of differently charged molecular forms of ADH has been recognized.

Problems in purification of human ADH enzyme, including low yield,

fai I ure to separate mol ecul ar forms from each other and from

contaminating protein, and variable results have been minimÍzed with the

introduction of a nev', method of purifÍcation. This method, known as

double ternary complex affínity chromatography, described by Lange and

Vallee (l,glø), Ís specific for ADH.

Smith et al. (1971,!g72) suggested a genetic basis for molecular

forms of human ADH as isoenzymes. There exíst 3 separate gene loci;

ADH1, ADH2, and ADH3, that code for 3 structural'ly distinct po'lypeptide

-30-



chains; alpha, beta, and gamma respectively. Genetic polymorphism at the

ADH3 locus is commonly present. Here, 2 dífferent a'lleles codíng for a

distinct form of the gamma chain (1 an¿ 2) exÍst. Since ADH is a dimer,

molecular forms may be homodÍmeric, consisting of two identical chains,

or heterodimeric, consistÍng of different chains.

Subsequently, pi-ADH, and chi-ADH have been identified as molecular

forms of human liver ADH (Bosron et al. 1979). The genetic mode'l

proposed by Smith et al. (L97I) cannot account for these newly

discovered molecular forms. The kinetic propertÍes of pi-ADH differ from

those of other Ísoenzymes. Their K* va'lue for ethanol oxidation exceeds

that of other forms by as much as 100 times, and it is insensitive to

the known potent i nhi bÍ tors of mammal i an ADH, pyrazol e and

4-methy'l pyrazol e. The recent í sol ati on of pyrazol e-i nsensi ti ve and

pyrazole sensitive ADH isoenzymes from the squirrel monkey provides

evidence for similar molecular forms in another species (Dafeldecker et

al. 198lb). Pi-ADH, as well as símÍan pyrazole-insensitive isoenzymes of

Saimiri scuireus and Macaca mulatta, share símilar electrophoretic and

kinetic properties. They also display higher Km values for ethanol and

are less susceptib'le to 4-methylpyrazole inhibitÍon than other cathodic

forms. The Km of pyrazo'le-insensitive ADH in l'lacaca mulatta for NAD+ at

pH 10.0 was determined to be 0.06 mM (Dafeldecker et al. 1981b). Maximal

activity for ethanol oxidation is seen at pH 11.0 and 10.6 for the

simian pyrazole-insensÍtÍve and pyrazole-sensitÍve forms respectively

(0afeldecker et a1. 198la). The anodic pyrazole-insensitive enzyme of

Macaca mulatta presents features identical with those of human chi-ADH

(Oafeldecker et al. 1981b). tfre presence of these isoenzymes in primates

Ímplicates them as a most suitable model for the study of human alcohol
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oxidation. Other species, such as sheep, must be eva]uated for their

suitability.

iv. Variations Ín SpecifÍc Activity

Variation in ethanol tolerance is known to exist between dÍfferent

races and Índividuals, and at different stages during development.

During human development, ADH activity Ín the fetus is low and reaches

adult levels at about 5 years of age (Pikkarainen and Raiha Lg67).

Variants in lÍver ADH during human deve'lopment exÍst. Pikkarainen and

Raiha (1969) demonstrated 4 electrophoretical'ly distinct bands in the

adult human liver and one band Ín the fetal human 'liver, corresponding

to band 3 in the adult liver. The enzymatic activity of the feta'l liver
is only 3 to 4 percent of adult activity. pikkarainen (1971)

demonstrate.d that the 10 t,o 16 week old fetus cannot metabolize ethanol.

During human development, liver ADH shows a distinct progression in its
isoenzyme pattern from only one form during fetal lÍfe to 4 forms in the

adult (Pikkarainen and Raiha L967). lrlore recently, as many as 7 to 9

actÍvity bands have been identified Ín adults (t_t L977).

Accordíng to Smith et al. (1973), only the alpha,alpha polypeptÍde

chain form is present in the early fetus. The more mature fetus shows

both alpha,alpha and alpha,beta forms and the alpha,alpha and alpha,beta

and beta,beta forms are observed in the neonate. Mol ecul ar forns

including the gamma chains do not appear until after birth (Smith et al.

1e73).

Pikkarainen and Raiha (1967 ) studied the development of ADH in

fetal and postnatal human I i ver. ADH acti vi ty i n human fetal I i ver

ranged from Lll lo 797 mU/g liver wet weight. Activity was present, in 2

month old fetal 'lÍvers, but only at about 3 to 4 percent of adult
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activÍty. Act,fvity increased linearly and adult activity was attained at

5 years of age. ADH activity for adults ranged from 945 to 6530 mU/g

liver wet weight (Pikkarainen and Raiha t9671

Smi th et a] . (L97L) determi ned average ADH acti vÍ ty i n I i ver

samp'les obtained from 56 fetuses, 37 infants, and 129 adults. ActÍvity

of ADH in infants less than 1 year old was about 40 percent of adult

activÍty. Fetal activity was about 31 percent of adult activity, and

appeared to increase with gestational age (Smith et a'|. 1971).

Raiha et al. (t967) reported liver ADH activity in the rat to be 25

percent of adul t acti vi ty at bi rth. Adul t I evel s urere attai ned at

approximate'ly 18 days after birth. Administration of ethanol to pregnant

rats durÍng the latter half of gestation had no effect on ADH activity

in the liver of the newborn (Ratna et al. 1967). nDH activity in the

newborn guinea pig was reported to be 20 percent of adult actívity

(Raiha et al. L967\. Similar studies in mice demonstrated lower ADH

activity in newborn mouse liver than in the adult liver (Krasner et al.

r974\.

Table 2 summarizes the K* va'lues obtained for adu'lt, newborn, and

fetal liver ADH from human and animal studÍes, The K, values are higher

in the newborn human and mouse'livers than in the adult. This indicates

a lower affinity for ethanol substrate in the newborn. The significance

of this in relation to activity is not understood (Krasner et al. t9741.

The higher K, for the newborn mouse was attrÍbuted to the fact that one

i soenzyme dominates Ín the newborn, whereas other more devel oped

isoenzymes are present in the adult (Krasner et al. Ig74).

Krasner et al . (t976) reported the presence of ADH amongst the

numerous enzymes in human placental tissue. Four electrophoretic bands
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Table 2. Surnrnary of reported K* values for ethanol

oxidat,íon ín vitro in adult (A) , newborn

(N), and fetal (F) livers.

Study

PíkkaraÍnen
and Raíha
(Ie67)

Raiha
et al-.
(1967)

Krasner
et al.
(1e74)

Specíes

Man

Rat

Mouse

Kx10
m

3 
t't

F

pH

A N ANF

I 1

0. 33

0.25 0.45

3.4 10.8 10.0

0.24 B. 7 8.7

9.6 9.6
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-3were present at pH 9.6. The Km value was determined to be 5 x 10 M

with an optimal pH of 10.0. The authors suggested that the presence of

ADH i n p1 acental ti ssue mi ght contri bute to the control of the

distribution of energy regulatÍng processes in the pìacenta.

Racial differences in the handling of ethanol have been attributed

to different elimination rates. An atypical form of ADH, with an optimum

pH of 8.5, rather than 10.0 or greater, has been identified in certain

populations. According to SmÍth et a'|. (1973), the atypÍcal behavior is

a result of genetic polymorphism at the ADH, locus. Two alleles produce

an enzyme of either high or low activity. In former years, the

assessment of ADH type was based on actÍvity ratios at different pH

values, (von Wartburg and Schurch 1968) but they can nour be identified

electrophoret,ica]1y (Harada et al . L|TB). nOHl is the commonly observed

allele at the ADH, locus. This corresponds to the beta-l polypeptide

chain. The atypÍca1 al'le'le ís ADHZ at the ADH, 'locus (beta-Z polypeptide

chain) (Smith et al. 1973). The low activity type is considered

"normal", whereas the high activity ADH type is calIed "atypica'l". The

frequency of occurrence of the varíant "atypical" variant enzyme has

been estimated to be z\f/" of the Swiss populatíon,5-L0% of the British

and American white population, and as hígh as 85'/o of the Japanese

population (Smith et al, L973). A small number of individuals with the

atypical ADHZ phenotype have exhibÍted íncreased ethanol ox'idation ín

vivo (von Wartburg and Schurch 1968) but larger stud'ies must confirm

this. The 'low activíty enzyme predominates in western Europeans and

thei r descendents.

and ethanol elimination Ín vivov. ADH activity
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Westerfield et al. (1943) demonstrated that acetaldehyde

di sappeared from the blood much faster than ethanol did in vivo in the

dog. This led to the conclusion that ADH activity is rate limiting. It
i s bel ieved to be the major enzyme responsi b'le for ethanol el imi nati on

in vivo. The kinetÍcs of ADH in vÍtro are similar to the kinetics of

ethanol dÍ sappea rance in vivo (table 1).

A 'lack of correlation between the rate of removal of ethanol in

vívo and ADH activity may be dependent on experimental conditions.

Correcting for pH and temperature, the amount of ADH activity in man is

almost sufficient to account for the metabolic rate (Mourad et al'

Le67 ) .

Di rect compari son of ADH acti vi ty and the rate of ethanol

metabolism may be subject to numerous errors. Autolysis may inactivate

the enzyme. Extraction of the soluble enzyme may be incomp'lete unless

detergent is used (Raiha and Koskinen 1964). tne lack of an agent, such

as semicarbazide, to prevent acetal dehyde oxidation by NAD+ and

endogenous NAD reductases and NADH oxidases ín liver hornogenates may

affect, determination of activity (P1app 1975). The theoretical problent

of whether maximum ve]ocitÍes observed in vitro are attaíned with the

concentrations of substrates found in vivo, which may be as low as the

Michaelis constants of the enzymes, must be considered. However, Zahlten

e.t al. (1980) attributed underestimat'ion of ADH activity to two najor

causes. Firstly, highly dependent, pH backgrounds, as a result of ethanol

contamÍnation of commercia'l1y available NAD, could falsely lower the

calcu]ated overall ADH activities when subtracted from rates after

substrate addítion. Another problem may depend on the concentration of

substrate used. Strong substrate inhibition has been observed at 600 mM
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ethanol, particularly as the assay system approaches physio'logical pH.

Yeast ADH reached V, rates at 600 mM ethanol whereas rat 'l i ver ADH was

60 percent inhibited at this concentration (Zahlten et al. 1980). Proper

measurement of ADH actÍvity yie'lds values that exceed the ín vivo

dísappearance rates of ethanoì (Zahlten et a'|. 1980).

Humans who have "atypical" enzyme metabolize ethanol at the normal

rate, even though the atypical enzyme is three to five times more active

in vitro at pH 8.8. This suggests ADH may not be rate f imiting.

vi. ADH InhibÍtion and InductÍon

The rate of oxidation of NADH ís rate lÍmÍting in the metabolism of

ethanol and acetal dehyde. Reoxidation occurs primari'ly in the

mitochondria and is coup'led to oxidative phosphorylation. When NADH

oxidation is increased by fructose, pyruvate, or glyceraldehyde, an

increase in ethanol oxidation rate is observed (Li L977).

The presence of inhíbitors, Íncluding a wide variety of primary and

secondary alcoho'ls, aldehydes and ketones, could lower ADH activity in
vi vo. Fatty aci ds, adenosi ne monophosphate, and ami noazo dyes a1 so

inhibit ADH (Rlapp 1975).

Pyrazole, and Íts derivatÍves, are potent inhibÍtors of ADH in

vi tro and al so markedly decrease ethanol metabol i sm i n vi vo (Theore'l I

and Yonetani 1963). In rats, acute pyrazole admÍnistratÍon results in

competitive inhibition of ethanol elimination of greater than 85 percent

(Go'l dberg and Rydberg 1969 ). It has on'ly a s1 i ght or no Í nhi bi tory

effect on catalase and ME0S activity under these conditions. In man,

methylpyrazo'le inhibits the conversion of ethanol-t-14C to 14C0, Ín u

dose dependent manner (Blomstrand and Theorell 1970). ttre formation of
14,"'C}Z was inhibited by 50 percent 1.5 hours after administ,ratÍon of 10
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mg/kg methylpyrazole (Bloomstrand and Theorell 1970). The inhfbitÍon

constant, (Ki), was calculated to be 0.zmM. Ki for 4-methylpyrazole with

human 'liver ADH in vitro is 0.21 uM at pH 7.4 and 23 oC (li and Theorell

1969). The wide discrepancy may appea, ur 14C0, re'lease measures acetate

oxidation in extrahepatic tissues, oF because 4-methyl pyrazole is

metabolized Ín man. EÍghty percent inhibitíon of ADH is observed in the

guinea pig after intraperitoneal injection of 200 mg/kg 4-methy'l

pv razole (Zahlten et al. 1980). The effects observed in vitro seem to

correlate well with pre dicted ADH inhibitory act,ivÍty in vÍvo.

0xÍdation of ethanol by NAD+ produces NADH, which reduces various

metabolites. Hepatic vein catheterization studies in man have shown

increases in the ratios of lactate/pyruvate and

beta-hydroxybutyrate/acetoactetate after ethanol administratÍon (Tystrup

et al. 1965, Peters 1982). These changes are equivalent to a reduction

in the NAD+/NADH ratio. A role for ADH in vivo is demonstrated since

only the ADH catalyzed reaction for ethano'l oxidation causes a decrease

Ín the NAD+/NADH ratio.

The rate of ethanol disappearance from the blood Ís linear with

time until a concentration of 0.2 S/t or 4 x tO-3 t't. Linearity suggests

the ethanol metabolÍzing system is saturated. As the concentratíon

decreases below 3 mM, the rate of disappearance decreases and the

aoparent K
m

can be calculated. Comparison of kinetÍc constants in vitro

and in vÍvo for ADH shows reasonabl y good agreement, consistent wÍth a

rate limiting role for ADH. The apparent K, values Ín vivo may be

representative of more than one enzymatic process, and error in K,

measurements may result (Lundquist and l,lolthers 1958). Presently, a

predominant rate limiting role for ADH in ethanol metabolism cannot be

assumed until further studies are done.
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b. Catalase

A role for catalase in the oxidation of ethanol was first reported

by KeÍlen and Hartree (1945). Ethanol oxidation by catalase (Cat), in

the presence of excess hydrogen peroxíde (Hr0r) can be represented by

the fol I owi ng equatÍons:

Cat + Hr}r---'Cat'HZ'Z
Cat-Hr}, + CHTCHT0H-å Cat + 2Hr0 + CHTCHO

where Cat-Hr}, is a catalase-hydrogen peroxide intermediate (Thieden

1975). The degree of participation of thís enzyme in ethanol oxidatíon

Ís determÍned by the rate of Hr}, production in relation to catalase and

ethanol concentrations. Hydrogen peroxíde production is the rate

1 ímiting factor in ethanol peroxÍdation (Oshino et al . 1975a). In

experiments with isolated perfused rat livers, ethanol produced a

decline in the steady-state concentration of the catalase-Hr0, complex

(Theorell et al. 197?). fnts is strong evidence for catalase mediated

ethanol oxidation as an alternate pathway in the rat liver. Zahlten et

al. (1981) found that guinea pig'liver contained 3.4 times more catalase

than rat livers. Seventy-six percent of the catalase in the guinea pig

liver is in the cytosolic fractÍon, in contrast to on'ly 50 percent, in

the rat. it has not yet been studied in man. The contribution of hepatic

catalase to ethanol oxidation in the rat is reported to be less than 10

percent (Osnino et al. 1975b).

Studies with the catalase inhibitor 3-amino-l.,2,4-triazole, and

4-methyl pyrazole in Ísolated rat livers have demonstrated little
contribution of cata'lase to ethanol oxidation at ethano'l concentrations

Iess than 20 nI4. The administration of 3-amíno-l,2,4-triazole to the

guínea pig produced 98 percent inhibition of catalase, but subsequent

-39-



ethanol injection (L.7 glkg¡ did not show a significant difference in

ethanol elimination in catalase inhibited anima'ls compared to untreated

controls (Zahlten et al. 1981). The role of catalase is suggested to

increase with increasing ethanol concentratÍon, but this is by no means

certain (Thurman et a'|. 1975).

c. Mícrosomal Ethanol Oxidizing System (MEOS)

0rme-Johnson and Ziegler (1965) first reported the ability of the

microsomal fraction of rat, rabbit, and pig livers to convert ethanol

i nto acetal dehyde. They assumed the reacti on r¡ras catalyzed by

mixed-function oxidases according to the equation:

CH3CH20H + NADPH + H+ + Or-_---* CH3CHO + NADP + 2HZ0

Lieber and DeCarli (1968) described a sÍmilar microsoma'l system

which they defined as ME0S. They found that ethanol oxidation is

inhibited by carbon monoxíde, which is known to inhibit microsomal drug

oxidizing mixed-function oxidases (Orrenius et al. 1964). However, MEOS

is not inhibited by l¡nM SKF525A, which is a known inhÍbitor of many

mÍcrosomal drug metabolizing enzymes (Lieber and DeCarli 1970a). Acute

ethanol ingesti on decreases the acti ví ty of a number of drug

metabolizing enzymes in rat liver microsomes (Rubin et al. 1970).

Conflicting opinions exist regarding the identity of the enzymes

responsible for ethanol oxidation. Some investigators attribute ethanol

oxidat,Íon to enzymes of the mixed function oxidase system, utilizing

NADPH and oxygen, but not involving ADH or catalase (Lieber and DeCarli

1970a). Liver microsomes contain NADPH oxidase, which is capable of

generating HZ}Z in the presence of NADPH and oxygen (Thurman et al.

19721. A number of investigators state that the activity of MEOS is

mainly due to cata'lase, the oxfdative enzyme which contamínates the
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mÍcrosomal fraction, and that the mixed function oxidase merely serves

to furnish HZ}Z for the reaction (Thurman et a'l . t972, Roach et al .

1969). In mÍcrosomal preparations of rat liver, the requirement of NADPH

can be abolished when an Hr}, generating system is added (Thurman et al.

t9721, suggesting catalase may be a factor in microsoma'l ethanol

oxidation. Arguments stating that catalase is not involved are derived

from experiments usi ng i nhÍbi tors to dÍ fferenti ate between MEOS,

catalase, and ADH (Lieber and DeCarli 1968). MEOS was found to be 17

percent inhÍbited by 0.01 rrM cyanide (Lieber and DeCarli 1968) whereas

the same concentration almost complete'ly inhibited catalase (Lundquist

et al. 1963). tne intraperitoneal injection of the catalase inhibitor,

3-amino-l,2,4-triazole to rats produced a much smaller change in ME0S

activÍty than in catalase activity (Lieber and DeCarli 1970a). Hassinen

and Ylikahri (t972) found no role for cytochrome P-450 in ethanol

oxi datÍ on.

In catalase-free microsomes from acatalitic mouse liver, no ethanol

metabolic actÍvity, but metabolic actÍvÍty for other drugs was reported

(Vatsts and Schulman 1973). Lieber and DeCarli (L972) determíned that

the apparent K, of MEOS in vítro correlated well with the apparent K, in

vivo of blood ethanol disappearance after pyrazoìe adminstration. In a

later study, Lieber and DeCarlÍ (1973) attributed 25 percent of ethano'l

oxidation to MEOS. Subsequentìy, Teschke et al. (I974) separated hepatic

ME0S from ADH and catalase by colurnn chromatography.

d. Minor Hepatic Pathways

Several minor hepatÍc pathways of ethanol metabolism have been

described. These include conjugation reactions to fonn ethyl sulfate,

and ethy'l 91 ucuroni de, the formati on of fatty aci d esters, and
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condensation of acetaldehyde with pyruvate and alpha-ketoglutarate.

Quantitatively, however, these reactions are considered insignificant

(Hawkins and Kalant L97?1.

e. Extrahepatic Elimination

About 20 percent of total ethanol elimination in man occurs outside

the liver. The kidney contains ADH and is responsible for most of the

extrahepatic elimination (Tnie¿en 1975). The mucosa of the alimentary

tract is invo'lved Ín extrahepatic ethanol elimination. Musc'le tissue may

also contribute, although Íts capacity for ethanol oxidation is

considered insignificant (Thieden 1975).

f.Factors !ühich May Increase Ethanol Metabolism

ADH is generally consÍdered to be the normal rate límiting step in

ethanol oxidation. In order for the reaction with ADH to proceed,

acetaldehyde must first be removed, and NADH must quickly be reoxidized

in the mitochôndria via the electron-transport chain. The re-oxidation

of NADH is the príncipal rate limiting step under normal conditions. The

rate of NADH oxidation reguìates ethanol oxjdation because the steady

state concentration of free NADH in the cytosol affects the rate of

di ssoci ati on of the ADH-NADH comp'l ex, whi ch i s the actua'l rate 1 i mi ti ng

step for the ADH reaction in vivo and in vÍtro. Ethanol oxidation is

Í ncreased by agents that i ncrease NADH oxi datÍ on. These i ncl ude

fructose, pyruvate, and glycera'ldehyde. An increase of 25 lo 75 percent

in the ethanol metabol ic rate has been reported with fructose

administration (Lundquist and blolthers 1958, Tygstrup et a'|. 1965). An

increase in the steady state concentratíon of free NADH is indicated by

an increase in the ratio of lactate to pyruvate, which serves as an

index of free NADH to NAD+ (Thieden 1975). Observations that these
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oxÍdizable substrates can increase ethanol metabolism provide further

proof for the rate lÍmiting role of NADH oxÍdation Ín ethanol metabolism

i n man.

Chroníc ethanol administration may result Ín increased ethanol

metabolism by 50 to 70 percent in man and animals (Mezey and Tobon

L97Ll. The mechanism of this Íncreased rate has not yet been elucidated

although changes in the activities of the responsib'le enzyme systems are

being investigated. Some Ínvestigators report an increase in ADH

activity wÍth chronic ethanol ingestion (Hawkins et al. 1966) whereas

others report no change or a decrease in activity (Lieber and DeCarli

1973, Tobon and Mezey 1971). Possibly, an increase Ín activity of ADH is

offset by deficiencies in protein and zinc as a result of chronÍc

alcoholísm (Rothschild et a'|. L971, Huber et al. 1975). This would

decrease ADH activity (Li L9771. Liver ADH activity general]y decreases

in chronic alcoholics and patients wíth cirrhosís or liver disease (Dow

et al. 1975). Cata'lase activity does not appear to be affected by

chronic alcoholism (Ishii et al. L973). Rn increase in MEOS activity or

catalase and an increase in HZ}Z generation via NADPH oxidase may

account for about 10 to 20 percent of the increased ethanol metabolism

observed in chronic alcoho'lic rats (ViOela et al. 1973). Chronic

al cohol i sm 'l eads to hyperp'l as i a of the smooth endopl asmi c reti cu I um of

rat liver. This is associated with a 70 to B0 percent increase in

ethanol oxÍdation abÍlity, and Ín NADPH oxidase activity in rat liver
(Lieber and DeCarli 1970b). Proliferation of the smooth endoplasmÍc

reticulum and íncreased ME0S and mixed function oxidase activÍty have

also been shown in man (Mezey and Tobon 197i). Increased NADPH-dependent

ethanol oxÍdizing capacity has been demonstrated in both man and
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animal s. However, the NADPH-oxidase remai ns el evated for prol onged

periods of times after ethanol withdrawal, whereas the rate of ethanol

elimination rapÍd]y decreases to normal (Mezey L97?1. After withdrawal

of ethanol in man, Íts elimination returns to normal wit,hín 7 days,

whereas increased MEOS activity persists for 2L days (Mezey and Tobon

1e71 ).

Phenobarbítal has been found to increase ethano'l elimination and to

Íncrease ADH activity, but no effect on MEOS could be demonstrated

(Mezey and Robles 1974). Increased ME0S or increased Hro, generation by

NADPH oxidase does not appear to be sufficient to explain the increased

rate of ethanol metabolism during chronic ethanol Íngestion.

Chronic a'lcoholism has been shown to increase the activity of
fI

Na'-K'-ATPase and NADH oxidation by mitochondria (Israel et, a'1. 1970).

In rat 'liver, chronic alcohol ingestion results in increased oxygen

consumption, increased ATP utilization, and increased NADH oxídation.

These changes require further clarification in all species.

g. Aldehyde Dehydrogenase

i . Enzymat,i c Properti es

The product of al coho'l dehydrogenase reacti on i s aceta'l dehyde.

Acetaldehyde dehydrogenase (AIDH) is responsible for the format,ion of

acetate. It is nonspecifíc for aldehyde substrates and catalyzes the

reacti on:

Aìdehyde + NAD+-à carboxylic acid + NADH + H+

The K, of mitochondrial AIDH is between 0.1 and 0.5 x 10-3 M. The K*

values for the cytosolÍc enzymes are higher and vary between species.

The K, of horse liver cytosolic enzyme is 70 x lO-3 14, whereas the

values for rat and man are in the millimolar range (Koivula and

Koi vusal o 1975).
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AIDH is specific for IJAD coenzymes. NAD+ binds preferentÍa11y to

the free enzyme to form a binary complex of NAD+ and enzyme, followed by

binding of aldehyde to form a ternary comp'lex (Eckfeldt and Yonetani

te76l

The site of acetaldehyde oxidation in rat 'liver has been shown to

vary as a functÍ on of aceta'l dehyde concentrati on. Duri ng ethanol

oxidation in vivo, liver aceta'ldehyde concentration Ís 50 to 150 ul4. At

these concentrations, mitochondria account for 75 to 80 percent,

microsomes for 14 to 17 percent, and the cytosolíc fraction for 5 to 7

percent of the total AIDH activity of the liver (Marchner and Tottmar

L9761. At low concentrations, the low K* mÍtochondrial enzyme is

primarily responsible for oxidation, and at higher concentratíons of

acetaldehyde, the high K, cytosolic and mitochondrial enzymes are more

important (Li t977l..

The study of subcellu'lar distribution of liven AIDH in several

other animal species indicates that there is considerable interspecies

variation. The cytosolic fractÍon of horse liver contains most of the

activity (66 percent) whereas only 26 percent of the activity is present

in mitochondria. The cytosolic fraction of sheep liver contains 35 to 40

percent,, the microsomal fraction contai ns 10 percent, and the

mitochondrial fraction contains about 35 percent of total activity (Crow

er a'l . L974).

The cytoplasmic fraction of human liver contains at least 2

chromatographical'ly dí sti nct Al DH's, one havi ng a hi gh K,n and the other

with a'low K* value, which account for about 30 percent.total actÍvity.

More than 50 percent of the activity is present, in the mitochondrial

fraction and 10 percent activity is present in the microsomal fraction

(Koivula 1975).
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i i . Mol ecul ar Properti es

The soluble high and 'low Km enzymes have been partÍal1y purified

from sheep, rat and rabbit liver (Koivula and Koivusa'lo 1975, Crow et

al. 19741. Horse and human enzymes have been purifíed to homogeneity

(Feldman and WeÍner L972, Sidhu and Blair 1975). tfre molecular weight of

the horse liver enzyme is between 200,000 and 300,000, with subunits of

molecular weights between 52,000 and 57,000. There are 2 isozymic bands

of AIDH (Harada et al. 1980). tne hÍgh affÍnity enzyme is general'ly more

positively charged than the enzyme with low affinity for acetaldehyde

(Feldman and Weiner 19721.

iÍi. Variations in Activity

In humans, the high affinÍty band is absent in 50 percent of

Orienta'l subjects, but is not absent in Caucasíans (Teng 1981). Facial

flushing and other unpleasant side effects after ethanol ingestion are

experienced by many 0rÍentals (l.Jolff L9721. Ninety percent of Orientals

have ADH with high activity, causing an initial burst of acetaldehyde

formation. Combined with the low capacíty to remove acetaldehyde due to

lack of efficient AlDH, accumulation of acetaldehyde results (Kalow

1982). A simÍlar accumulation of acetaldehyde has been suggested for

alcoho'l intolerance in Amerícan Indians (Kalow L982).

iv. Inhibition of AIDH

Disulfiram, which is used in the treatment of alcoholism as a form

of aversion therapy, causes the accumulation of aceta'ldehyde. Its mode

of action has been examined in mÍtochondrial and cytosolic AIDH from

sheep liver (Kitson 1975). Two phases of Ínhibition occur in vÍtro. The

initial rapid inhibition is followed by a gradual irreversible loss of

activity. Disulfiram, or its metabol ite, diethy'ldithÍocarbamate, may be
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resp onsible for its mode of action in vivo. The cytoplasmic enzymes are

more sensitive to Ínhibition than the mitochondrial enzymes in purified

horse and sheep liver (Kitson L975, Eckfeldt et a'|. L976). The K* for

disulfiram of horse cytoso'lic enzyme is about 1 x L0-3 M, whereas that

for the mitochondrial enzyme is 30 x 10-3 M. This suggests that the

cytosolic enzyme is functionally more important than the mitochondrial

enzyme, but thi s needs to be confÍ rmed (Eckfel dt et al . L976\.

D. Considerations for Study of the Maternal-Fetal Unït

It ís c'lear that the capacity of the human fetus to metabolize

ethanol is low. Therefore, the distribution of ethanol across the

placenta and maternal hepatÍc and possibly placental metabolísm are

important for feta'l ethanol elimination. It is noù.r evident that the

placenta cannot be regarded as a barrier to protect the fetus from

compounds Íngested by the mother during pregnancy. For years Ít was

assumed that placental transfer involved simple diffusion. Although this

assumption holds for some substances such as electrolytes, increasing

evidence shows that active processes do exist (Mirkin 1973). Genera'lly,

1 i pi d-so'l ub'l e, non-i oni zed compounds wi th mol ecul ar wei ghts of I ess than

600 readily traverse the placenta. Under steady state conditions,

placental transfer is a function of placenta'l permeability, rates of

bl ood fl ow on ei ther si de of the p1 acenta, and the arteri al

concentration differences between materna'l and fetal blood (Bonds et al.

1980).

Ethanol, a re'latively polar mo'lecu1e, has a molecular weight of 46.

Vi rtua'l ly any mol ecul e can and wi I I. cross the p'l acenta i f present i n

sufficient quantities in the maternal circulatÍon (l,tirtctn 1973). Many

factors appear to Ínfluence the transfer of pharmacological agents. The
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important concerns are how much drug reaches the fetus, how rapid'ly it
enters fetal cÍrcu'lation, and how long it remains in the fetus.

a. P'lacental Bl ood Fl ow

i. Regulation of Placental Blood Flow

Difficulty arises when assessing the regulation of placental blood

flow. This is due to the complexity of the uterine vasculature, the

fetal arterial system, the transient nature of the placenta, and rapidly

occurring changes in blood flow throughout pregnancy. Blood flow to the

non-pregnant ovíne uterus is about 100 ml/nin, whereas blood flow to the

near-term uterus is approximate'ly 800 ml /mín (Rankin and McLaugh'lin

1979). Neural, mechanical, and chemica'l factors affect placental blood

flow. The degree of autonomíc innervation to the uterÍne vasculature

during pregnancy varies widely among specÍes. Cholínergic supply to the

parametrial artery is present in humans but not in sheep (Bell 19721.

Autonomic fÍbres have not been identified in the human placenta and

umbi I i ca] cord. Fi bres i n the ductus venosus are not bel i eved to

influence umbilical blood flow (Bell l97Zl. The mechanÍcal regu'lation of

maternal and fetal blood flow is comp'lex. Resistance of the materna'l and

f etal p1 acenta'l ci rcu'l ati ons do not appear to be i nf I uenced by changes

in fetal arterial and venous pressures respectively. The uterine and

umbilical blood flows may be influenced by circu'lating angiotensin II,
catecholamÍnes, steroids, and prostag'landins (Rankin and McLaughlin

Le72l.

ii. Ethanol and Blood Flow

Uterine blood flow in the human at term is about 10 percent of

cardi ac output (l¡i rtci n 1973 ). The rate of pl acenta'l transfer may be

influenced by changes in the amount of drug delivered to the site of
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transfer. Pl acenta'l transfer of hi ghly di ffusabl e mol ecul es i s a

funct,i on of both uteri ne and umbi I i cal bl ood fl ow. Wi 1 keni ng et al .

(1982) examined. the effect of variations of uterine blood floþ, on

placental transfer in 6 chronic sheep preparations by measuring the

placental clearances of ethanol and antipyrine. Uterine blood flow was

reduced by norepinephrine, hemmorhage, and occlusion of the terminal

aorta. The decrease in uterine blood flow had no demonstrable effect on

umbilical blood f'low. Maxîmum placental clearance of ethanol occurred

when the uterine/umbil ical blood flow ratio was I (Wilkening et al.

1e82 ) .

Bonds et al. (1980) compared the placental c'learances of ethano'ì

and antipyrine in 6 chronic sheep preparations. Experiments !'Jere

performed under steady state conditions in whÍch uterine and umbilical

blood flows and transplacental diffusion rate were constant. The results

indicate that p'lacental transfer is primarily flow limited, as these

molecu'les possess different placental permeabí'lity coefficients.

The effects of drugs on p'lacental blood flow could cause secondary

effects on placental transfer. Jones et al. (1981) reported a

significant decrease in blood flow to the placenta in rats fed alcohol

before and duri ng gestati on. Fetuses of a'l coho'l -treated rats were

lighter and the placentae were heavier as compared to controls. They

concluded that chronic alcohol consumption leads to redistribution of

b'lood, with less supplyÍng the placenta. They suggested that this may

contríbute to growth retardation in FAS. This reduction in blood flow

may be unique to the rat. The effects of acute ethanol administration on

fetal blood flow have not been determined.

i ii. Pl acental Characteri stícs
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Placental metabolism of drugs may affect transfer, a'lthough its
signÍficance has not been determined (Juchau L972). Maturation of the

placenta leads to altered permeability due to a decrease in thickness.

Studies ín hamsters indicate that the concentrations of ethanol in the

fetus ín 'late pregnancy were higher than or equal to concentrations of

ethanol Ín the ear'ly stages (Idanpaan-Heikkula et al. 1971). However,

histopathology of the placenta may not be the sole factor in determining

the placental transfer of drugs (Boulos et al. L9721

b. Fetal Considerations

Í. Fetal Circulation

The di stri buti on of fetal ci rcul ati on i s probably of great

importance in the determination of the amount of drug presented to the

fetus. After a drug crosses the p'lacenta to enter the umbÍlical vein,60

to 85 percent of the flow ín the umbilical vein enters the liver via the

porta'l vein, and L5 to 40 percent passes directly via the ductus venosus

i nto the i nferi or vena cava. I ni ti a1 1y a 'l arge proporti on of drug wÍ'l 'l

be delivered to the'liver. Thus the metabolÍc activity of the liver will

influence the amount of drug delivered to more distal parts of the

circulation. The concentratíon of drug ín the inferior vena cava is

subiect to dilution by venous drainage (MÍrkin 1973). Whether these

factors influence drug effects on the fetus has not been determined. The

effects of drugs on the fetal circulation are not known. Drug-induced

changes Ín fetal circu'lation may influence the responses of the fetus to

drug administration (Heymann Lg72\.

ii. Fetal Characteristics

CertaÍn characteristics of the fetus may influence the disposition

of drugs transferred across the p1 acenta. The permeabi'l i ty of
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specíalized membranes such as the blood brain barrier, and the selective

uptake of lipophilic drugs by organs with a relatively high 'lipid

content may influence distribution (Mirkin 1973).

Severa'l attempts have been made to obtai n di rect evi dence for fetal

drug elÍmination. It appears that human and nonhuman prÍmate fetuses are

exceptional in that they possess well developed oxidative, hydrolytic,

and conjugative enzyme systems rather early in gestatÍon, which are

usual ly less active than those of the adult (Pelkonen 1980). Some

studies have indicated that drugs, inc'luding alcohol, administered to

mothers for long periods and in large doses, ffiôV induce drug metabolic

activity fn the human fetal liver during the first half of pregnancy

(Pelkonen et al. 1973). ftre emergence and disappearance of different

forms of enzymes, and even thei r i nduci bi 1 i ty, ffiâV be regul ated

i ndependently, 1 eadi ng to typi ca'l and defi ni te patterns of drug

metabolism at different ages and in different species (Pelkonen et al.

1973). No data are available for alcohol in the last half of pregnancy.

The sheep model has not been i nvesti gated wÍ th respect to thi s

characteri stÍ c.

c. Amnlotfc Fluid Considerations

It is assumed that rapid equilibrium occurs between the maternal

and fetal cÍrculations and that blood concentrations of drug and

met,abolÍtes are comparable in both cÍrculations. However, more than

simple transfer is involved (Horning et al . L973). tfie drug and its
metabolites may accumulate in fetal tissues and redÍstribution to other

compartments such as the amniotic fluid may occur.

Boulos et al. (L97t) examined the p'lacental transfer of constant

levels of a lipid soluble drug, sulfanilamide. Changes Ín sulfanilamide
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concentration in maternal and fetal blood and in amniotic fluÍd were

compared. Maternal concentrations were constant during the 240 mÍnute

infusÍon, but fetal concentrations did not attain steady state until L20

minutes after start of the infusion. The fetal/maternal concentration

ratio durÍng steady state !'ras 0.62. The amníotic fluid/feta'l

concentration ratio at the same time was 0.65. They attributed the

non-equilibrium of maternal and fetal blood sulfanilamide concentrations

to the presence of appreciable amounts of sulfanilamide in amniotic

fl ui d.

i. Amniotic FluÍd Dynamics

A'lterations of the amniotic fluid compartment may para11e1 changes

in the fetus, indÍcatíng that exchanges between the fetus and amniotic

fluid are signifÍcant and resu'lt in a relatíve'ly short time lag before

amniotic fl uid evidence of fetal status appears (Seeds 1980).

Significant exchanges of water and solutes take place between the

amniotic fluid and fetus near term by severaì pathways, including fetal

swallowing (Gresham et al . 197?). tne human fetus swallows between 200

and 450 ml of amniotic fluid per day. Total volume is 800 ml. The fetus

produces about 600 to 800 ml hypotonic urine per day at term. Fetal

swallowing can account for remova'l of only about half of the daÍ'ly urine

production. Thus, â large quantity of urine must be resorbed by other

pathways, since human amniotic fluid gains no more than 10 m1 of fluid

per day i n the I ast trimester (Seeds 1980). Fetal p1 asma i s

significantly hypertonic to amniotic fluid. Net transfer of fluid to the

fetal compartment could occur wherever fetal capil'lary beds and amniotic

fluid are in c'lose proximity. l,lithin the feta'l respiratory tract,

exchange may occur where the alveolar capillary bed is perfused by
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amniotic fluid transported in and out by respiratory movements (Seeds

1e80 ) .

The transfer of hi gh'ly 'l i pi d sol ubl e drugs wi th I ow mol ecul ar

weights may occur across the fetal skin. This is more like'ly in early

pregnancy before keratinization of this tissue makes it relatively

impermeable. Thís occurs at 24 T,o 26 weeks gestation in t,he human (Seeds

1980). However, changes ín amniotic fluid OrO, closely paralleled

changes i n fetal OrO, i n the rhesus monkey, suggestÍ ng rapi d

equilibration of small highly 1ipÍd soluble compounds between the fetus

and amni oti c f'l ui d (Seeds et al . 1967 ) .

ii. Maternal Drug AdministratÍon

The amniotÍc fluid is complete'ly the product of significant steady

state exchanges with the fetus by numerous pathways in the 'latter part

of pregnancy. Small 'lipid soluble drugs diffuse rapidly into the fetus

and appear rapid'ly and in similar concentrations in the amniotic fluid.

Diffusion probably occurs across fetal skin or on the fetal surface of

the p'l acenta. Larger water sol ubl e compounds, such as ampi cí'l 1 i n

(molecular weight 349), cross more s'low1y. Bray et a1. (1966) compared

the concentration of ampicillin in the amniotíc flufd of a lIvlng fetus

and following intrauterine death after a maternal intravenous bolus

dose. Peak concentrations in the living fetus appeared within 30 to 60

minutes and a sígnificant quantity was found in the arnniot,ic fluíd at

LïO minutes, reaching peak concentrations at 6 to 12 hours. Very little
ampi cí 1 1 i n reached the amni oti c fl uí d when the fetus was dead,

suggesting that maternal-amniotic fìuid exchange in late pregnancy

primarily occurs índirectly through the fetus.
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The rapid transfer of 'larger lipid soluble compounds such as

meperidine from mother to fetus and amníotic fluid suggests diffusion

may also occur across fetal skin or the fetal side of the placenta from

fetal capÍllary beds. Rapid transfer to the fetus is fol'lowed by slower

entry into the amniotic fluÍd. In a study by Szeto et a'|. (1978), steady

state was achieved in the mother and fetus within 60 minutes during

maternal infusion of meperidine (0.06 mg/kglmin over 2 h\. At steady

state, the fetal-materna'l meperidine concentration ratio was 0.3. The

concentratíon of meperidine in the amniotic fluid increased to exceed

maternal concentration (1.69 and 1.0 uglm'l respectívely) at the end of

infusion. This amniotic fluid level ref'lects the additÍon of a drug in

the fetal urine and the Ínability to back díffuse to the fetal

compartment.

Infusion of meperidine (150 mg) into the arnniotic fluid resulted in

a maternal peak concentration at 15 mÍnutes. Fetal peak concentration,

at 75 minutes, was on'ly 9 percent of maternal peak concentration. ïhe

slow appearance of meperidine in the fetal plasma could result either

from drug absorption from the arnniotic fluid via fetal swallowing or vía

transfer from the mother. These results suggest that the amniotic fluid

serves as a source of drug for the mother, rather than for the fetus

(Szeto et al. 1978).

Ho et al . (L972) demonstrated that a si ngl e dose of ethanol , when

measured radiographica'|1y, can be found uniformly distributed throughout

the fetus. Idanpaan-Heikkula et al. (1971) found high concentrations of

ethanol in monkey amníotic fluid durÍng late pregnancy and noted a

slight tendency for ethanol and degradation products to stay 'longer in

the fetus than in the mother.
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Hinvlich et a]. (L977 ) administered L.2 to 2.0 g ethanol , depending

on body weight and number of fetuses, to near-term pregnant cats, via an

arterial catheter. Ethanol concentration in the amniotic fluid, maternal

blood and fetal blood, using L fetus from a litter each time, was

determined for up to 3 hours after the dose. The amniotic fluid and

fetal blood ethanol concentrations peaked after maternal concentrations

in both experÍments reported. One experiment demonstrated that ethanol

concentration in the amniotic fluid continued to rÍse, whereas maternal

concentration declined over a 70 minute period fo'llowing the dose. The

authors reported that the rate of elímination from the amniotic fluid

was slower than elimination from maternal blood, a'lthough given data

were i nsuffi ci ent to cal cul ate cl earance and the stati sti cal

significance was not stated.

After a drug has been transferred across the p'l acenta to the fetal

compartment, it can be metabolized, excreted into the amniotic fluid or

transferred back to the mother. Thus, pharmacokinetic considerations

i ndÍ cate the need to fu1 ly characteri ze the k i neti cs of drug

dístribution and elimination in the mother and fetus.

d. Pharmacokinetic Models ln the Maternal-Fetal Unit

It Ís necessary to focus on the time course of a drug in the fetus.

The ratio of maternal and fetal areas under the concentration-tÍme

curves may serve as an index of relative fetal exposure to a drug. The

primary concern is the adverse effects these drugs may produce on the

developing fetus. Pharmacokinetic study provides a meaningfu'l basis for

the determination of potentia'l effects of maternal'ly ingested drugs on

the deve'l opi ng fetus.
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Studies of placental transfer of drugs are limited. Human studl'es

are I i mi ted to si ngl e poi nt determi nati ons of maternal and fetal

concentrati on rati os at the ti me of del i very. Si ng1 e poi nt

determinations are no indication of the extent of the transfer between

mother and fetus (I,laddell and Marlowe 1981).

Most of the currently available information on maternal-fetal

pharmacokinetics has been obtained using pregnant sheep. Serial blood

samples can be obtaÍned from the mother and fetus using the chronic

preparation with indwelling catheters (Szeto 1982). Pharmacokinetic

models aid in desÍgning protocols to maximize information obtained from

placenta'l transfer studÍes, and are usefu'l in the interpretation of

maternal-fetal concentration ratios (Szeto 1982).

A suitable pharmacokinetic model, based on the knowìedge of the

anatomical and physiologica'l processes of the real system, must first be

developed. Mathematical expressions describing the system should be

derived. Then experimenta'l data must be collected and goodness of fit
must be determi ned ( Szeto 1982 ) . Any pharmacoki neti c model i s a

simplifÍcation of the real biological system. Generalìy the sirnp'lest

model is first proposed, although the development of more complex models

provides a closer approximation to realÍty. The complexity of a model is

limited by the experÍmental data that can be obtained (Szeto 1982).

The simplest model of the maternal-fetal unit is a two-compartment

model. The mother and fetus are each represented as síng1e compartments,

wfth bidirectional transfer between them. There are 3 possible two

compartment models, accordÍng to Szeto (1982). In the first model, drug

elimination occurs on'ly from the maternal compartment. Drug elimination

occurs only from the fetus in the second hypothetica'l model, âlthough
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this is improbab'le. Thirdly, drug elÍmination may occur from both the

maternal and fetal compartments. The fírst model is used by most

investigators, a'lthough it is now recognized that the third model may be

appropriate where fetal metabolic activÍty Ís present (Szeto 1982).

Waddel I and Marl owe ( 1981 ) descri bed 3 general types of

pharmacokinetic curves to represent drug concentrations in the mother

and fetus. The type 1 curve applÍes to substances which freely cross the

placenta and rapidly distribute in a single fetal compartment. The rapid

equÍlibrium between maternal and fetal drug concentrations persists

throughout the tÍme course of drug disposition. The fetal concentration

is slightly higher as the only route of elimination is by tranfer back

to t,he mother. The concentration ratio between mother and fetus is
negligible because of rapid transfer from the relatively sma'll fetal

compartment to the mother.

In the type 2 pharmacokínetic curve, a large fetal compartment

causes delayed equilÍbrium. This is followed by a crossover after which

the fetal concentration remains greater than the maternal concentration.

0n1y a small fraction of the large fetal compartment is cleared by

transfer back to the mother. A pH gradient or extensive fetal p'lasma

protein binding could create this situat,ion. The de'layed equi'libriunr

illustrates the importance of adequate definition of the kinetic curve

through serial measurements (Waddell and Marlowe 1981). If the interval

to crossover is ì onger than the sampl i ng tímes, the data may be

erroneous'ly interpreted to indicate I imited transfer to the fetus,

binding to materna'l plasma, a pH gradient causing retention in maternal

plasrna, or fetal metabolism (Waddell and Marlowe 1981).
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The type 1 and 2 pharmacokinetic curves describe the possíbilitÍes

for the fÍrst model described by Szeto (1982). Waddell and Marlowe

(1981) have descrÍbed a type 3 kinetic curve which is in keeping with

the third two-compartment model of Szeto (1982). In this model, the drug

may be elÍminated by both mother and fetus. The concent,ration of drug is

always lower in fetal than in maternal blood. This relationship may be

attributed to many different, factors including maternal plasma protein

binding, or a pH gradient favoring hÍgher maternal concentrations. Also,

metabo'l i sm by the fetus, excreti on by the fetus di rect'ly i nto the

uterÍne'lumen, or disposition by the fetus into a large compartment such

as the amnÍotic fluid are possible explanations. The rates of these

processes are greater than the rate of drug transfer from the mother,

resultÍng in lower feta'l concentrations (Waddell and lllar'lowe 19B1).

E. Ethanol Pharmacokinetics

a. Ethanol Disposition

The intensity and duration of a drug effect on the fetus are

influenced by its pharmacokinetic disposition in the maternal-fetal

unit. The duratÍon and extent of toxÍc and therapeutÍc effects of

ethanol are dependent on the rate of its metabo'lic degradatíon. Thus,

the study of ethanol phamacokinetics in the maternal-fetal unit is

warranted to further understand the effects of ethanol on the fetus.

Al I drug bi otransformati ons and many bi ol ogi ca'l processes i nvol ve

enzyme or carrier systems. These systems are relatively specific with

respect to substrate and are saturable. The Michaelís-Menten equation

often best describes these types of reactions (Gibaldi and Perrier

1975). For a given substrate (drug):
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-dcldt = VmC/(f* + C)

where -dl/dt is the rate of change of drug concentration vs. time, C is
the drug concentration, t is tÍme, V, is the theoretÍcal maximum rate of

the process, and K* ís the Michael is constant, indicating affínÍty

between substrate and enzyme. When V=V^/Z, Kr=C. When C is greater than

0.1 Km, and less than 10 Km, Michael is-Menten kinetics apply. Two

limíting cases of Michaelis-Menten kinetics occur. When C is sma'll

((0.lKm), -dCldt=kC, sínce V, and Km are constants. This is termed

apparent first order kÍnetics, wÍth respect to concentration. l,lhen C is
'l arge (>1OKm) , the el i mi nati on process i s essenti a'l ly saturated and a

constant amount of drug is removed per unit time, independent of

concentration. This is called apparent zero order kinetics. The most

appropriate model for the description of a time course for drug

di sposi ti on Í s determi ned by mu I ti p'l e b'l ood sampl i ng af ter a dose to

obtain the plot of concentration versus time (Gibaldí and Perrier i975).

Ethanol is soluble in lvater in all proportions which faci'litates

its rapid and uniform distribution throughout total body water by sÍmple

diffusion. It requires no energy facilitated transport mechanism and

does not appear to be bound or stored. Elimination is primarily through

metabolic conversion, although significant amounts may also be excreted

unchanged in the urine and breath (Li 1977). Non-metabolic routes of

elimination are more ímportant at higher blood ethanol concentrations.

Ori gi na] observati ons by l/i dmark ( 1933) i ndicated that al cohol

disappearance from the blood is linear and that the rate is constant

above b]ood alcohol concentrations of 0.30 g/1. This traditiona'l concept

of elimination independent of blood concentration, termed zero order

kinetÍcs, has been challenged by several investigators. (Wi'lkinson et
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al. L976, Wagner et a'|. t976, Lundquist and Wolthers 1958, Rangno et al.

1e81 ) .

Some investigators assume zero order kinetics because part of the

downslope of the blood alcohol concentration-time curve appears linear

(WÍdmark 1933, RaskÍn 1975, Goldstein 1970, Hawkins and Kalant L9721.

This is a consequence of Michaelis-Menten kinetics (l'lagner 1973), and as

Lundquist and l^lolthers (1958) suggested, the curve gradually approaches

baseline. Other investigators (Widmark 1933, Raskin 1975, Goldstein

1970, Hawkins and Kalant 1972) believe that liver alcohol dehydrogenase

Ís saturated at low concentrations of a'lcohol. The percent saturation of

an enzyrne system in MÍchaelis-Menten kinetics is given by:

percent saturation = 100(-dCldt) lY^ = 100C/(t<*+C).

Using various values for C, Wagner et al. (t976) showed that the enzyme

system is never saturated, even at high leve'ls of alcohol.

Metabolic rates determined by the formula proposed by Widmark

(1933) have been determined to be about 100 mg/kglh (2 mmo'le/k\/h)

(Hawkins and Kalant L972) whereas calculations based on Michaelis-Menten

kinetics yield metabolic rates of 120 to 150 mg/kg/h (Ì¡lagner et al.

1976 ). Thus the maxi mum capací ty f or a'l coho'l e'l i mi nati on i s

underestimated by zero order kinetics. Also, alcohol elimÍnation rates

have been demonstrated to increase with alcohol concentration (Newman et

al 1.937, Grunnet & Thieden 1972, Rangno et al. 1981).

A summary of K, and V* values is presented in table 3. Human K*

values are similar with the exception of Rangno et al. (198i) who

reported wide variation between subjects, routes of adminstratÍon and

doses with no detectable trend. The V, va1ues reported by Wagner et al.

ß976), t,lilkinson et al. (1976) and Lunquist and Wolthers (1958) are
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Table 3. Sunmary of rePorted
ethanol ín humans.

K and V val-ues formm

Study

I'Iagner et
al. (1976)

K x10
m

3.0 (B)a

v klL/'n)m

0.29

0.23

o.22

o.L2 glks/hb

3 
t't

Wilkinson
et al. (L976)

1. B (6)

Lundquist and
l{oLthers ( 1958)

2.o (10)

Korsten et
aI. (1975)

2.3 (6)

Rangno et
al-. ( 19Bl)

0.6s (B)

a number of subJects

b corrected for body welght
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sÍmilar but are given in units customarily used for slope. Using data

from Wagner et al. (tglø) and Wilkinson et al. (1976), Rangno et al.

(1981) recalcu'lated the maximum ethanol elimination rate, the product of

"Vr" and VO, to be 0.I2 g/kg/h. This resembled the V, from the data of

Rangno et al. (1981) (taUle 3). They determíned the widmark 860, a

classical parameter used to describe ethanol elimination to be similar

(0.11 S/kg/h) to the V* obtained from Michae'lÍs-Menten analysis (table

3 ) , suggestÍ ng that ethano'l el i mi nati on can be determi ned by both

techni ques.

Wagner et al. (L976) reasoned that if a]cohol elimination could be

described by zero order kinetics, then the absolute value of the slope

of I i near decl i ne of the bl ood al coho'l concentrati on woul d be

independent of s'lope or initial concentration. Four dífferent oral doses

of alcohol were administered to I normal males using a crossover design

The slope increased with increasing alcoho'l dosage (l^lagner et al. t976).

In the study by Rangno et al. (1981), 8 normal male volunteers each

received 3 intravenous doses of ethanol and 4 of the subjects received 4

ora'l doses. The slope of decline of ethanol concentration tended to

Í ncrease wi th i ncreased dose, but no si gni fi cant di fference was

detected. The di sproporti onate increase i n the area under the

concentrat,ion time curve (AUC) with increased dose, as determined by the

ratio of AUC to dose, is consistent with l4ichaelis-Menten kinetics

(Rangno et al. 1981).

Ethanol is distributed Ín total body water, which, in the average

man, represents about 60 percent (0.6 L/kg) of lean body weight.

WilkÍnson et al. (WlA) estimated the volume of distrÍbution (VO) to be

0.54 L/kg, which is compatible wÍth values given for total body water,
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allowing for variation due to age and body weight. Wilkinson et al.

(1976) conc'luded that the one compartment open model with zero order

input and MichaelÍs-Menten kinetics is an operational'ly useful model to

describe ethanot pharmacokÍnetics. Dedrick and Forrester (1973)

suggested a two compartment model with allowance for hepatic blood flow.

UsÍng a two compartment open model with Míchaelis-Menten elimination,

Rangno et a1. (tget) determined the Vd (0. q7 Ukg) to be sma'ller than in

prevíous studies (t,lilkinson et al. L976) and attributed this to the

different model used and a'lso to the fact that plasma rather than blood

ethanol concentrations were used for the kinetic estimations.

b. Animal Studies

i. Sheep Studies

Further study and clarification of human data have been facilitated

by the Íntroductíon of animal models. Many invest,igators have used the

chronic sheep preparation in which near-term pregnant sheep have been

surgicalìy prepared with implanted catheters allowing the repeated

sampling of maternal and fetal b'lood and the monitoring of maternal and

fetal blood pressure, heart rate, and arteria'l blood gases (Van Petten

et al. Ig78). tne maior advantage is that the relatively large size of

the fetus facilitates irnplantation of catheters. The use of the chronic

preparation allows the animals several days of recovery from surgery and

anesthesia before any studies are performed (Szeto 1982).

Reported studi es usi ng pregnant sheep were performed by the

intravenous infusÍon of 10 percent v/v ethanol in 5 percent w/v dextrose

in water at a rate of 15 ml/kg over 2 hours ¡.2 glkg over 2 hours).

This is in accordance with Fuchs et al. (L967). Blood ethanol

concentrations i n mothers and i n fetuses were not si gni fi cantly
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different at anytime after 30 minutes of infusion (Kirkpatrick et al.

L976, Ayromlooi et al. L979, Cook et al. 1981, Mann et a'|. 1975), with

one exception. Rose et al. (1981) reported a significantly lower fetal

peak concentration t,han the maternal peak concentration. Alcohol is

detectable in fetal blood within 2 minutes after start of materna'l

infusion(Ngetal. 1982, Cottleet al. 1980) The close corre'lation

between maternal and fetal values Índicate rapid placenta'l transfer to

the fetus, consistent with the molecular sÍze, 'lipid solubility, and

charge characteristics of ethanol.

Peak ethanol concentrations ín studies where 1.2 g/kg of ethanol

r,rere administered range from L.22 to 2.37 g/L in the mother and L.2I to

2.22 g/L in the fetus (taOle 4). These concentrations occurred at 2

hours after start of infusion in al'l but the study by l4ann et a'|. (1975)

in which maternal ethanol concentrations were higher and peaked at 1.5

hours after start of infusion. However, this may be due, in part, to the

acute anesthetized preparation used and may be used as evÍdence that

alcohol disposition Ín pregnancy is altered during stress. Ng et a'|.

n982) administered 0.5 g/Lg ethano'l over 0.5 hours intravenously to 3

pregnant sheep. Maternal and fetal blood ethanol concentrations were

similar (table 4). The peak amniotic fluid ethanol concentration !,ras

about half of the maternal concentration and occurred much later, at 2

hours after start of infusion. Cottle et al. (1980) similarily reported

an amniotic fluid peak ethanol concentration of 70 to 78 percent of

fetal peak concentration, occurring at 1.8 to 3.3 hours after start of

infusion. These data require confirmation with studies using a larger

samp'l e si ze.
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TabLe 4. Sununary of reported ethanol pharmacokinetÍcs
ín pregnanË sheep

Study Dose of
EËhanoL
(e/ke)

A
n=9

L.2

B

n=l 3

L.2

n=X

D

n=20
1.2

E L,2
n=6

F
n=10

r.2

G

n=3
0.5

Peak Plasma Ethanol
Concentration (g/L)
MFAII

X

1.63 I.22 X

x X

PLasma EËhanol
Cl-earance (mg/L/tr)
MFA''

x

X

L.22 L.2L x 1844 zo6a

L.49 I.44 x 204 205

XXxc 140-
230

1 30-
190

140-
190

2.37 2.22 x

X

X

x X X

r45 L43 t07

x

X

X

XX

0 .66-
.12

0.6 1-
0. 82

0. 38-
0,52

H
n=7

2.0 2.40 1.90 X 2gga zL4a X

M - mother, F - Fetus, A"- amniotic fluid, acal-culated from
línrlted mean data, A - Ayromlooi et aL. (1979) ' B - Cook et
al. (1981), C - Corrl-e er al-. (1980), D - Dil-Ës (1970), E -
Kirkpatrick et al. (1976)' F - Mann et al. (1975), G - Ng

eÈ al. (1982) ' H - Rose et al. (1981) 
' X - not reported.
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Mean clearance data were reported on'ly in the study by Cook et al.

(1981)(taOle 4). Clearance data reported by Rose et al. (1981), 400

ng/Lln and 100 Ítg/L/h for mother and fetus respective]y do not correlate

well with previous findings. However, reca'lculation from limited mean

data yiel ded apparent clearance rates which are simil ar to other

studÍes. In the report by Ng et al. (1982), the amniot,ic fluid clearance

rate was significantly lower than maternal and fetal values in the 3

sheep studied. However, amniotic fluid clearance did not differ from

materna'l and fetal c'l earance i n the study by Cottl e et al . ( 1980 ) .

Amniotic fluid clearances merit further study.

Using the sheep model, different investigators have reported

conflícting hemodynamic and blood gas alterations after acute ethanol

admínstration in pregnancy. Variable effects on maternal and fetal heart

rate, blood pressure, and arteria'l blood gases have been demonstrated,

as shown in table 5. No change in maternal'heart rate was noted in 3

studies (Ayromlooi et al. t979, Mann et al. L975, Ng et al. 1982),

whereas Rose et al. (1981) reported an increase in maternal heart rate

during infusion and Cook et al. (1981) demonstrated an increase in

maternal heart rate during infusion and until t hour post-infusion. Cook

et al. (1981) found a sÍmilar increase ín fetal heart rate. These

finding are ín keeping with those of Ayrom'looi et al. (L979) who also

showed an increase in fetal heart rate until t hour post-infusion. No

significant changes in fetal heart rate were reported in other studies

(Kirkpatrick et al. t976, Mann et al. t975, Rose et, a'|. 1981, Ng et al.

1982)(taule 5).

Rose et al. (1981) reported an increase in maternal blood pressure

during infusion, but no changes ín blood pressure were observed in the
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Table 5. Surmary of reported phar"macodynamícs
in pregnant sheep

Study Heart Rate

M

0

Blood Pressure

MF

0+a

0

a

0

ArterÍal Blood Gases

MF

- pIIa *nor"'o

F

+b

0

X

0

X

0

x

0

0

0

X

X

X

x

0

0

x

X

X

0

X

0

0

0

0
a

x

x

0

0

A

B

c

D

Í.

F

G

H

b.b+-+-0

x

+

x

0

-pll",+po2"

x

+ao

X - not reported, 0 - no changç' + - increaser - | decrease
ín pha:macodynarni.c-ptt*,.t"tr-a'duríng lnfusián, D after
Lnfusion, M - nother, F - fetusr A - Ayrourlooi et al .. (L979) t
B - Cook et al. (1981), C - Cot,tl-e eË al. (1980), D - DlLts
(1970), E - Kfrkpatríck et al. (L976), F - Mann et al. (1975)
G - Ng e! 41. (1982) ' Il - Rose et aL. (198I).
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other studies (table 5). Ayromlooi et a'|. (1979) reported an increase in

feta'l blood pressure, whereas Mann et al. (1975) observed a decrease in

fetal blood pressure during infusion and until 30 minutes post-infusion.

This difference may again be due to the chronic preparation used in the

former study and the acute preparation used in the latter study.

Changes in maternal bl ood gas parameters were found only by

Ayroml ooi et al . (1979). A decrease i n bl ood pH !,/as observed duri ng

infusion. They also reported an íncrease in fetal P^ during infusion
uz

whích remained elevated. 0n the other hand, Mann et al. (1975) reported

no change ín fetal tO, Out observed a decrease in arteria'l blood pH and

an Íncrease in P^^ during infusion and until 30 mínutes post-infusion.
vuz

No changes Ín fetal blood gases were reported in other studies (Cook et

al. 1981, Dilts 1970, Kirkpatrick et al. I976\. Using sonocardiometry,

KÍrkpatrick et a'|. (1976) found that ethanol reduced fetal left

ventricular output, and the extent and velocity of left ventricular

fi bre shortení ng wi thout changi ng I eft ventri cul ar end di astol i c

diameter or systemic arterial pressure.

Some of the observed differences may be attributed to surgical

traumä or anesthesÍa in the acute preparation. However, different

results reported using chronic sheep preparations may be re'lated to

ethanol dosage. Further studies are requÍred to clarify exÍsting data.

ií. 0ther Species

In a study by HoriguchÍ et a'|. (1971), the intravenous Ínfusion of

2 to 4 g/kg of ethanol over one hour to 13 pregnant monkeys in the third

trimester resulted in a peak maternal ethanol concentration of 2.37 1
0.35 g/L at the end of the infusion, and a peak fetal concentration of

1.65 + 0.30 g/L at 1.5 hours after start of infusion. Fetal tachycardia,
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hypotension, and acidosis were observed during the infusion with on'ly

minimal maternal acíd base changes. OperatÍve stress in thÍs acute

preparatÍon may have contributed to the failure of ethanol to inhibit

uterine contractions and to the fetal acidosis (Fuchs & Fuchs 1981).

Using limited mean data from thÍs study, it was possible to calculate

t,he apparent cl earance of ethanol as 140 ng/Llh in the mother and 85

nglLlh Í n the fetus. Hi I I et al . (1981) reported near'ly i denti cal

elimination rates for mother and fetus in 9 pregnant monkeys at 154 days

gestation (term 167 days), but after delivery of the fetus, the maternal

clearance of 149 + 16 mg/L/h was four times that of the neonate (30 + 2

ng/L/hl. They concluded that fetal exposure to ethanol is determÍned

primarily by maternal elimination capacity. In one experiment, Horiguchi

et, al. (L97I) infused ethanol directly into the fetus. A dose of 2 g/kg

fetal body weight (based on assumed fetal body weight of 0.5 kg) was

infused directly Ínto the fetal jugu'lar vein over 90 minutes. Blood

ethanol concentrations were not stated. Fetal pH and blood pressure

decreased while fetal heart rate, P,..,,, and base defÍcit increased duringuu2

ethanol infusion. This may indicate a hÍgher susceptibility to ethanol

by the fetus.

Mukherjee and Hodgen (1982) reported ethanol-Índuced impairment of

umbilical circulatÍon causing hypoxia and acidosis. A 35 percent v/v

ethanol in 5 percent w/v dextrose in normal saline (g.O g/kg body

weight) was admÍnistered as a bolus (1 to 2 minutes) ínto the maternal

femora'l vein of 5 pregnant monkeys (teO to L47 days gestation). This

dose is much higher than those used previously. Col'lapse of umbilical

vessels began wÍthin 10 to 15 mÍnutes after ethanol administration and

gradual recovery !.Jas seen af ter abou t 30 mÍ nutes. Fetal b'l ood pH
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declined from 7.30 + 0.08 at 15 minutes to 6.8L + 0.05 at 30 minutes.

Feta'l Pn dropped from 38 + 2 at time zero to 11 + 2 mm Hg at 30uz

minutes. Maternal peak ethanol concentrations, ât 15 minutes, v,/ere

reported to be 2.50 I 0.82 g/L. Fetal concent,ratÍons peaked at 30

minutes, at which time they were reported to be one-third of maternal

concentrations. The 'lag in fetal ethano'l uptake may suggest impaired

p'lacental transfer of ethanol. From limÍted data, fetal peak

concentrations were estimated at 0.75 g/t. Fetal clearance could not be

calcu'lated from the data given. Calculated maternal et,hanol clearance

from mean data was lL3 ng/L/h. Graphical representation showed fetal

clearance to be much slower than maternal clearance. The authors

attributed this difference to differences in metabolism or continued

di stri buti on of ethanol pool s after recovery of the umbi I i cal

circulation. These data show that even brief exposure to ethanol may

have deleterious effects, but data relating dosage to the degree of

fetal hypoxia are required, as the high dose admÍnistered over a short

tÍme period may be responsible.

The short term effects of ethanol on the fetus when it is used to

prevent premature'labour are largely unknown. Despite attempts by

several Í nvesti gators to c1 ari fy exi sti ng data, confl i cti ng resul ts

appear in the literature (Mann et al . t975, Ayromìooi et al. tg7g,

Kirkpatrick et al. t976, Cook et al. 1981). It is assumed that the

risks of ethanol use are less signifícant t,han the risk of prematurity

and its complications. However, the importance of fetal risk associated

with light to moderate ethanol ingestion for medical or non-medica'l

reasons, and how it relates to long term growth, development and

behaviour of the child must, be assessed. Further studies must elaborate
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on the physio'logÍca'l effects of acute exposure to ethanol on the fetus

and on the neonate.
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F. DissertatÍon Objectives

1. to determine the kinetic disposÍtion of ethanol

in the pregnant ewe, fetal lamb, and newborn lamb

2. to assess the acute effects of ethanol on

cardiovascular function of the pregnant ewe,

fetal lamb, and newborn lamb

3. to determine ADH activity of the 'livers of

the adult ewe, fetal lamb, and newborn lamb, and

placental tissue

4. to determine correlation between ethanol dÍsposition

in vivo and ADH activity in vitro

5. to relate these data to those in other species in

order to determine the usefulness of this mode'l

for the studies of ethanol disposition and effect

i n pregnancy
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METHODS

A. Surgíca1 preparat,i on

a. Near-term Pregnant Sheep

Studies were performed on 8 near-term pregnant sheep, weighing 60

to 80 kg, and their fetuses, gestational age 124 to 142 days (term 150

days). At least 2 days prior to study, each ewe was anesthetized with

1.5 percent halothane Ín oxygen, intubated, and ventilated to maintain

normal arterial OrOr. Maternal femoral arteria'l and venous catheters

were inserted. Through a midline incision, the uterus was exposed and a

small hysterotomy incision was made. A fetal hínd limb was withdrawn and

po'lyviny'l catheters h,ere placed Ín the fetal femoral artery and vein,

and in the fetal axillary artery. In some studies, a catheter was p'laced

in the amniotic fluid sac and tied to a fetal hÍnd lÍmb. All incisions

were closed and catheters were tunne'lled subcutaneously to the ewe's

f'lank and stored in a protectÍve pouch. Immediately following the

surgical prrocedure, catheters were fil'led with a 4 IU/ml heparin Ín

sa]ine solution. Penicillin G (2,000,000 IU) and gentamicin (120 mg)

were admÍnÍstered intravenously to the ewe. At the sane time, the fetus

received penicil'lin G (1,000,000 IU) and gentamicin (+O mg)

intravenous'ly. The procedure lasted about 1.5 hours.

b. Newborn Lambs

For surgical preparation, lambs (t to 5 days old) received 70

percent nitrous oxide and 30 percent oxygen Ínha'lational analgesía by

mask. All incisions were infiltrated with 2 percent lidocaÍne. Catheters

were inserted in the femoral artery and veÍn. The incÍsions were closed

and catheters were tied to the tail. Catheters were fil]ed with a 4

IU/ml heparín in saline solution. The procedure lasted about 30 mínutes.

Lambs were a'llowed at least t hour recovery prior to study.

B. Experímental Protocols

-73-



a. Maternal Infusion Study

0n the day of investigation, ewes were transported in a cart to a

quiet study room with a companion sheep and left for at 'least t hour

prior to the experiment. They had free access to food and water during

the procedure. In the maternal infusion study, a 9.5 percent v/v

solution of ethanol in 5 percent w/v dextrose in water was administered

vía the maternal femora'l vein by Ínfusion pump at a rate of 15 ml/kg

total body weight over 2 hours.

Simultaneous blood samp'les were obtained from the maternal (1.0 m] )

and feta'l (0.75 ml ) femoral arterÍes at 30 minute interva'ls, starting

just prior to the infusion and continuÍng for 5 to 7 hours after the end

of et,hanol infusion. Amniotic fluid samples (1.0 ml ) were similarìy

obtained from the same animals in some studies. At each sampling time,

the heparinized saline was removed from the catheters. A volume of blood

approximately equal to twice the catheter dead space was removed, and

re-infused after sampling. The samples were p'laced in 10 ml VacutainerR

tubes containing 20 mg potassium oxalate and 25 mg sodium fluoride, and

stored on ice.

Additional blood samples were drawn into heparinized syringes at I

hour intervals for Ímrnediate blood gas analysis, using a Corning

pH/bl ood gas i nstrument model 165/2 (Can1 ab, l^IÍ nnÍ peg, 14ani toba ) .

Hematocrit was determined every 3 hours.

Maternal and fetal heart rate and blood pressure were monitored

with Statham transducers connected to Índwelling catheters, and recorded

on a Hewlett Packard model 8824C Dynograph strip chart multichanne'l

recorder (Hewlett Packard, lvlississauga, 0ntario). At the end of the

experiment, ewes were anesthetized with intravenous sodium pentothal 2.5
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percent sol utÍon ( t g ) and sacri fi ced wi th i ntravenous saturated

potassi um chl ori de sol uti on ( 50 ml ) to al I ow for veri fi cati on of

catheter p1 acement and for I i ver remova'l for ADH determi nati ons.

b. Feta'l Infusion Study

To assess the transfer of ethanol from the fetus to the mother,

ethanol was administered directly to the fetus as described below. In

one fetal infusion study, the ethanol solution, as described above, was

adminÍstered via the fetal femoral vein at a rate of 7.5 ml/kg total

body weÍght over t hour.Two successive studfes used ínfusion rates of

6.1 ml/kg over 4 hours, and 4.0 ml/kg over 3.5 hours. Blood samples !'/ere

collected as in the maternal infusion studies, starting just before and

continuÍng for 2 to 3 hours after ending ethanol ínfusion. Blood gas

analysis, heart rate, b'lood pressure, and hematocrit were determined as

in the maternal infusíon studies.

c. Amníotic Fluid Infusion Study

The same ethanol so'lution was adminÍstered via the amniotic fluid

catheter at a rate of 3.0 m'l/kg total body weight over L hour. Samp'les

from the maternal and fetal femora'l arteries and from the amniotÍc sac

were obtained as in the maternal Ínfusion studies. Sampling continued

for 5 hours after the end of the infusion.

d. Lamb InfusÍon Study

Studies were performed on newborn lambs, ages 1 to 5 days, weíghing

2.5 to 5.8 kg. The ethanol so'lution, as previous'ly described, was

infused via the femoral vein at a rate of 7.S ml/kg over t hour with a

Harvard infusion pufip, either model 940 (double barrel) or model 901

(single barrel) (Harvard Apparat,us Co. Inc., Milles, Mass.). Blood

glucose lvas maintained between 4.4 and 6.7 mmol/L by intravenous
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infusion of 5 percent w/v dextrose solution. Blood samples were obtained

from the femoral artery (O.ZS ml) at 30 minute intervals until 2 hours

after start of the infusion, and at 60 minute intervals thereafter,

until 7 to t hours after end of infusion. The samples were taken and

processed as in the maternal infusion studies.

Arterial blood gas analysis and hematocrit were determined at 1

hour i nterval s for the fi rst 2 hours, and at 2 hour i nterval s

thereafter. Heart rate and arterÍal blood pressure were monitored with

Statham transducers connected to indwelling catheters, and recorded on a

Grass model 5 polygraph recorder (Grass Inst,rument Co., Quincy, Mass.).

At the end of the experi ment,s , 'l ambs were anestheti zed wi th an

intravenous Ínjection of 10 ml sodium pentothal 2.5 percent w/v solution

(250 mg) and sacrifÍced with 20 ml of intravenous saturated potassium

chloride solution to verÍfy catheter placement and for lÍver removal for

ADH determinations.

C. Samp'l e Col I ecti on

a. P'l asma and Amníotic Fl uid Sampl es for Ethanol Determi nation

l,lithín 2 hours of co'llection, b'lood sanples were centrifuged f or 2

minutes using a Fisher microcentrifuge (model 2354). The plasma was

separated and stored immedÍately at -20 oC. Th. amniotic fluid samples

were al so stored at -20 oC. Ethanol ana'lysÍ s by gas-'l i qui d

chromatography was performed wi thi n 1 month after the experiment.

b. Tissue for ADH DetermÍnation

Ti ssue sampl es from maternal , fetal , and I amb I i vers and from

p'lacenta were obtained after sacrifice and immediately put on ice. The

samples were weighed and 10 to 50 percent homogenates were prepared with

a Polytron HomogenÍzer (setting 5, Brinkmann Instruments Ltd., Toronto,
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0ntario) in ice-cold 0.25 M sucrose containing 1 percent v/v Triton

X-100, to give maxÍmal ADH activity (Raiha and Koskinen 1964). After

centrifugation of the homogenate for 20 minutes at 9000 x g, the

supernatant samples were immedÍately frozen unti'l analyzed. The sanples

were analyzed for ADH activity and protein content. Ana'lyses were

completed within 2 months of tissue preparat,ion.

D. Sample Ana'lyses

a. Ethanol DetermÍnation

Plasma and amnÍotic fluid ethanol concentrations were determined by

gas-liquid chromatography with a Hewlett Packard model 402 instrument,

using a f'lame ionization detector and a Poropakt QIR (L/Il column

(80-100 mesh)(Solon et al. L972). Operating parameters íncluded a column

and injector port temperature of 150 oC and a detector temperature of

250 oC. Nitrogen was used as the carrier gas.

Propanol-L (Q.2"¿ v/vl was used as internal standard. Plasma or

amniotic fluÍd (50¡1 ) and internal standard (SO¡l ) were stirred for 30

seconds with a vortex-type mixer. Using a Hamilton micro'litre syringe,2

¡1 of this solution were injected into the injectíon port. The syringe

was rinsed repeatedly with a sodium bicarbonate (tO percent w/v)

solution followed by distilled water. A calÍbration curve was determíned

by serial dilution of a solution of ethanol (1.52 g/t) in plasma. The

method used to determÍne the concentration of ethanol lvas the peak

height ratio between ethanol and propano'l-L, monitored on a Fisher

Recordal I Seri es 5000 recorder. The assay v',as sensi ti ve to 0.01 g/L

p'lasma ethanol. The analysis for each samp'le required 5 minutes. Samples

were re-checked at various intervals to assure that t,here was no

difference in measurements over the 4 month assay period.

i. Principles of Gas Chromatography
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The term, chr.omatography, is applied when cornponents of a mixture

are separated between a mobile and a stationary phase by makíng use of

differences in their partitÍon coefficients. In gas-liquid

chromatography, a gaseous moving phase and a liquid stationary phase,

usua'lly adsorbed on an inert so'lid, are used. The gaseous moving phase

comes into contact with the stationary phase by passing through a gìass,

metal or plastic column. In our experiments, nitrogen gas was the

gaseous moving phase, and Porapaks Q/R were the solid stat,ionary phase

in a glass column. Porapaks are actual'ly solÍds wÍth lipophilic

characteri sti cs .

Sma'l I quanti ti es of samp'l e vapour dÍ ssol ve i n both phases, to an

extent dependent on the partitÍon coeffícients of the components.

Carrier gas and sample vapour equilibrate with the stationary phase as

they move t,hroughout the length of the column. The amount of vapour

eluted from the column reaches a maximum and then falls to zero as all

vapour passes through it.
A detector produces an electrical signal, the magnitude of which is

proportíona'l to the quantity of each component present per unÍt tÍme, as

they are eluted. Using a flame ionizatÍon detector, combustion of the

solute components in the carrier gas in a hydrogen flame causes

ionizatÍon. The conducting gases cause current to f'low between 2

e'lectrodes which are held at a constant potential. The current change is

used to provide the signal which is recorded as the chromatogram

( Patti son 1973 ) .

An Ínternal standard Ís often included to account for errors

inherent in the experiment. The relative peak heights of the sample to

the standard are proportional to the amount of samp'le present.

b. Alcohol Dehydrogenase Activity
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Materna'l , fetal , and l amb l f ver and pl acental ADH acti vi ty was

determined at 25 oC and at 37 oC by recording the generatÍon of NADH at

340 nm in a Beckman DU-8 spectrophotometer. The buffers used were 0.2 M

sodium phosphate (pH 6.5 to 8.0) or 0.2 M glycine-sodium hydroxide (pH

8.6 to 10.4) (Dawson et al. 1969). tne reaction mixture contained 95

percent v/v ethanol solution (O.Ot ml), NAD 10 mg/ml (O.t ml), and'liver

or p'lacenta supernatant (0.05-0.2 ml ) in 3.0 m'l of buffer. The mixture

was incubated in a water bath at ?5 oC prior to recording of the

absorbance. Ethanol ù'Jas added to start the reacti on. A bl ank

determination was also performed without the addition of ethanol. This

value was subtracted from the increase in absorbance found in the

presence of substrate. The change in absorbance after 3.2 minutes was

noted. Determinations were performed Ín trÍpìícate. One unit (U) of

enzyme is defined as that amount which will catalyze the transformation

of one micromole of substrate (ethanol ) per minute under defined

temperature and pH conditions (Bonnichsen and Brink 1955). Rctivity was

expressed as mU/g tissue.

c. Protein DeterminatÍon

The protein content of samples was determined by the method of

Lowry et al. (1951). Bovine serum a'lbumin (50 uglml ) was used as the

standard. Liver and placenta homogenates (O.SS ml) were diluted to 100

ml wÍth distilled water. Triplicate aliqouts (t.O ml) of these solutions

were further diluted to 5.0 ml with distilled water, and 1.0 ml of this

dí'l uti on lvas taken and pl aced i nto L 5 ml test tube. A bl ank sol uti on

containing 0.25 M sucrose-Triton X-100 buffer was sÍmilarily prepared.

Reagents:

al 2% Na2C03 in 0.1N NaOH
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b) 1% CuSOO.5Hr0

cl 2% NaK tartrate

d) equal parts of (b) and (c)

el ggf" reagent (a) and 2/o reagent (d)

f) commercÍal phenol reagent diluted 1:1 with distilled water

Reagent e (5.0 m'l) was added to each test tube, mixed, and allowed

to stand at room temperature for 10 minutes. Reagent f (0.5 ml) was

added and mixed Ímmediate'ly. After standing for 30 minutes, the samples

urere read in a Beckman model DU-8 spectrophotometer at 750 nm.

Determinations were performed in duplicate.

i. Principles of Spectrophotometry

Spectrophotometry involves the measurement of the ability of a

disso'lved substance to absorb e'lectromagnetÍc radiation of defined and

narrow wavelength ranges. Most measurements are made in the ultraviolet

(200-400 nm) and vi sib'le (400-750 nm) ranges of the spectrum.

Absorptions are measured at wavelengths characteristic of the chemical

composition of the absorbing substance. Blank determinations are made on

the solvents and reagents used to obtaÍn a correction for their ínherent

absorbances.

The essentia'l parts of a spectrophotometer include a source of

radiant energy, a dispersing device with a slit for wavelength band

selection, a ce11 for the sample, and a photometer to indicate the

intensity of the transmitted radiatÍon.

An unknown concentrat'ion of a known compound, if it conforms to

Beer's law, can be determÍned by the equation:

1og IolI =€. c . l
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!'rhere Io is the intensity of the incident 1ight, I is the intensity of

the transmitted 1Íght,éis the molar absorptivity, c is the

concentration, and I is the pathìength. The term 1og IolI or log (1/T)

is referred to as absorbance A, or optical density (0D) (Osol et al.

1975).

The determÍ nati on of ADH acti vi ty i s based on the

spectrophotometric measurement of the reduction of the coenzyme NAD in

the presence of ethanol. NAD+ has an absorbance peak at 260 nm. The

reduced form, NADH, has an additional peak at 340 nm and can be detected

without ínterference from the oxidized form.

E. Data Analysi s

Data for the calibration curve for ethanol quantitation and the

elimination rates for ethanol from maternal, feta'1, and lamb circu'lation

and amniotic fluid were ana'lyzed by 'least squares linear regression

analysis followed by analysis of variance to assess goodness of fit
(Goldstein 1964). The apparent volume of distribution (Vd) vras

determined by dividing the total dose by the initial concentration (Co).

The initial concentrat,ion was determined by extrapolating the peak

concentration to zero time and correcting for elimination of ethano'l

durÍng the time interval for the animal under investigation. Area under

the concentration versus time curve (AUC) tras determi ned by the

trapezoidal rule from the beginning of drug administration to the end of

the experiment, and extrapolated to zero ethanol concentration usÍng the

e'limination rate experimentally determined in the same preparation. All

data are presented as mean + standard error. Comparí sons of data for

si gni fi cant di fferences were done usÍ ng analysi s of varÍ ance,

correl ati on ana'lysi s or pai red t-test. The mi ni mum 'level for a

sígnificant difference is p(O.OS.
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RESULTS

A. Ethanol Assay

Sampìe chromatograms are shown in figure 1. The standard curve of

the peak heí ght ratÍ os for ethano'l /propranol -1 i n p] asma was 'l i near Í n

the concentration range of 0.10 to 1.5 g/t. Correlation coefficient

values for definitÍon of the linearÍty of these standard curves were

a'lways greater than 0.99.

B. Kinetic Disposition of Ethanol

a. Maternal Infusion Study

RepresentatÍ ve pl asma ethano'l concentrati on-time curves for a

maternal ethanol infusÍon experiment are shown in figure 2. A total dose

of 1.2 g/kg ethanol over 2 hours resulted Ín peak materna'l and fetal

ethanol concentrations as shown in table 6 (studies L-5). Peak maternal

and fetal concentrations occurred at the end of infusion, with one

exception. In study 4, the fetal peak occurred at 2.5 hours. During

infusion, fetal concentrations were slightly lower than maternal ethanol

concentrations, but were higher at most times after the end of ethanol

adminÍstration (figure 2). However, these differences Ìvere not

si gni ficant. The 
. 
cal cul ated maternal and fetal areas under the

concentration-time curve (AUC) were sÍmi1ar, and the apparent volume of

di stri buti on (Vd ) dÍ d not vary wi de]y . Maternal

plasma ethanol c]earance rates were simi'lar (table 6).

and in utero fetal

In experiments 6-9 (taUl e 6) , i nvol vi ng 1 oadi ng and mai ntenance

doses, maternal and fetal peak ethanol concentrations were similar. In

studies 6,7, and 9, amniotic fluid peak concentrations were determÍned

to be about 2/3 of maternal and fetal peak plasma concentrations.

Maternal and feta'l peak concentrations occurred at, the end of the bolus

infusÍon or during the maintenance infusion (L-zh), wíth the exception
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Figure 1. Chromatograms (n-plasma standard, B-experimental plasma

sample and C-plasma blank) from the gas chromatographic

analysis of plasma for ethanol with propranol-L as the

internal standard. Peak 1 represents ethanol and peak

2 represents propanol-1.. Ini designates the time of

sanple iniection.
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Figure 2. Representative pìasma ethanol concentration versus time curve

from maternal (o) anO fetal (ô) blood samples after materna'l

intravenous infusion of 9.5% v/v ethanol in s% w/v dextrose

solution at L.Z g/kg over 2 hours (experiment 1, table 6).
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Table 6. Pharmacokinetic disposition after maternal intravenous
infusion of ethanol to pregnant sheep.

Dose Peak Concen- Clearance
(g/kg) entration (g/L) {.rg/L/hl

V

L

MFA I4FA

AUC
(s.h/L)

MFA
7.2 8.9

7 .2 6.5

7.6 9.9

9.4 8.4

7 .6 7.5

f.gl

0.51

0.69

0.53

0.65

1. L.2

2. L.2

3. L.2

4. 1.2

5. 1.2

mean
S. E.

6

2.t 1Qt(
1.6
(2)

1.5
QI

1.8 216 218

236 198

168 198

2L5 200

L79 218

203 206
13 5-

L7L zLO 3.6 3.4 3.6 0.83

0.68a (21

.6
2)

2.r
(21

2.1 1.8el (2.5)

1.7
QI

0.8 1. 1
(3) (1.75)

0.7
(5)

0.7
(6)

.4
1.5)

2.0
(21

1.9
0.1

8.2
0.6

7.8
0.4

0.61
0 .04

b-0 .6
n-.L2

51
)(

1.8
0.1

0.9
(1)

1.
(t

0.7
Q.5)

1.0
(1)

7 . b-0.8
m-. L2

B. b-0.8
n-.L2

9. b-0.8 1.3 1.2
m-.12 n.zs)(1.s)

191 L77 151 5.3 5.7 4.4 0.7t

M-mother
F-fetus
A-amniotÍc fluid
b-bolus dose
n-maintenance dose
" time at which peak concentration occurred (h)
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of the maternal peak concentration in experiment 7 which was lower and

occurred later. In all cases, the amniotic f'luid peak concentration

occurred after the end of ethanol infusion. Maternal and fetal plasma

ethano'l clearance rates Ín experiments 6-g were sÍmilar to those

determÍned in experiments 1-5. In one experiment (9), amnÍotic fluid
ethanol clearance was determined and was lower than maternal or fetal

clearance. Calculated AUC was lower than those in experiments L to 5,

and VO Ín this small sample was slightty higher.

b. Fetal InfusÍon Study

The results of the fetal infusion experiments are surmarized in

table 7. Fetal infusion of 0.6 Slkg over t hour (experiment L) resulted

in fetal death 5 minutes after end of infusÍon. Representative plasma

ethanol concentration-time curves from the fetal infusion studies are

shown in fÍgure 3. Fetal infusion of 6.1 ml/kg total body weíght over 4

hours (o.S g/kg¡ resul ted Ín peak maternal and fetal ethanol

concentrations of 0.3 g/L an¿ I.Z S/U respectively at the end of the

infusion (experimeni" 2, table 7). A four-fold dÍfference in maternal and

fetal peak concentrations was observed in both feta'l infusion studÍes

described (numbers 1 and 2). This difference was minimized in a third
study using a lower Ínfusion rate (number 3). The apparent maternal

plasma ethanol clearance rates were similar to those in the maternal

infusion experiments. Apparent fetal clearance was determined Ín only 1

experiment because of fetal death in experiment 1 and insufficient data

points in experiment 2. The AUC calculated in experiment 2 was 4 times

greater in the fetus than in the mother and about 50% greater in

experiment 3. The ca'lculated vd varied more than in the maternal

Ínfusion studies (taOle 7).

c. Amníotic Fluid Infusion Study
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Table 7. EthanoJ- pharmacokinetíc dlspositíon after fetal
intravenous ínfusion t,o sheep.

Dose
Glt<e)

1. 0.6 !.2

Peak Concen
-tratÍon (eh,)
MF

Clearance
(u.e/r/h)
MF

d

202 0.41

164 0.9 3.9 l, .03

L75 L97 L.2 L .7 0.50

vAUC

2. 0.5

3. 0.3

(1)a

0.3
(4)

0.4
(3.5)

4.7
( 1)

(L/t<e)
(e.h/L)
MF

0
0

L.2
(4)

0.5
(2.5)

mean
s.E

M - mother
F - fetus

{

a time at v¡hích peak concentraÈÍon occurred (h)

180
11

.65
9t_
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Figure 3. RepresentatÍve plasma ethanol concentration versus time curve

f rom maternal (r) and fetal (ò) b] ood sampl es after feta'l

intravenous infusion of 9.5% v/v ethanol in 5% w/v dextrose

solution at 0.5 g/kg over 4 hours (experiment,2, table 7).
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The results of an experiment in which ethanol was infused dÍrectly
into the amniotic f'luid are summarized in table 8. The peak amniotic

fluid ethanol concentration cou'ld not be determined as only one catheter

was avai'lable for samplÍng and infusion. The peak fetal plasma ethanol

concentration was higher than the maternal peak and occurred ear'lier.

However, both maternal and fetal peak concentrations were reached after
the infusion was ended. The calculated AUC for the fetus was twice the

maternal va'lue. Maternal and fetal plasma ethanol clearance rates could

not be determi ned due to concent,ratÍons I ower than our assay

sensitívity, but amniotÍc fluÍd clearance was determined.

The plasma ethanol clearance rates from the maternal, in utero

fetal and amniotic fluid infusion studies are summarÍzed Ín table 9.

Maternal and in utero fetal c'learance rates were simi'l ar regardless of

whether the Ínfusion bras to the mother or fetus. Amniotic f] uid

clearance was less than maternal and fetal rates in one maternal

infusÍon and in the amniotíc f'luid infusion experiment.

d. Lamb Infusion Study

A representative lamb plasma ethanol concentration-time curve is
shown ín figure 4. A total of 0.6 g/kg ethanol was infused over L hour.

Tabl e 10 sumrnari zes the resul ts of thi s study. peak ethano'l

concentrations occurred at the end of infusion in all experÍments. There

was little variation Ín the AUc and vd values. The plasma ethanol

clearance rates varied fron zz to 57 ng/L/h. Fígure s Íllustrates the

relatÍonship between plasma ethano'l clearance and lamb age. plasma

ethanol clearance increased with age (F 
r,r=22.99;p(0.005;r=0.Bg).

c. Re'lationship between pharmacokinetics and pharmacodynamÍcs

a. Maternal Infusion Study
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Table 8. Pha:¡racokínetic dísposltion afüer ínfusíon of
ethanol into amníoöic fluid of pregnant sheep'

Dose
(e/te)

Peak Concen-

MFA

Clearance
(ne/r./h)

MFA

AUC
(e.h/i.)

FAM

0,23 0.2 0.3

(2.5r" (1.s) (1)

M - mother
F - fetus
Ä - anrnÍotic fLuíd

atime at which peak concentratÍon occurred

116 0.5 1.0
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Table 9. ApparenË plasma and amníotic fl-uid clearance
of ethanoL. DaÈa are presented as mean + S.E.

Infusíon
Site

M

Maternal

Fetal

Amriotic FLuíd

M - maternal

F - fetal

A - àmniotic fLuid
n number of experiments

Apparent Ethanol CLearance
(n.e/r/n)

FA

197 + 10 (7)n 203 + s (7)

180 + 11 (3) 1e7 (1)

ls1 (1)

116 (1)
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Figure 4. Representative plasma ethanol concent,ration versus time curve

from lamb b'lood samples after intravenous infusion of 9.5"/" v/v

ethanol in 5% w/v dextrose solution at 0.6 S/kg over L hour

(experiment 8, table 10).
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Table 10. Pharmacokinetic disposition fol'lowing intravenous

infusion of ethanol to newborn lambs.

Dose

(g/kg)

Cl earance

(ng/Llhl

AUC

(s.h/L)

va

(u/rg)

Peak Concen-

tratÍ on

(s/u\

0.7

0.6

0.5

0.7

0.5

0.7

0.8

0.6

0.7

0 .64

0.03

1

2.

3

4

5.

mean

S. E.

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

22

26

24

25

27

50

49

46

57

3.6

3.6

3.?

3.4

3.3

3.7

4.0

3.1

3.2

3.5

I

0.85

0.82

1 .04

0.82

1 .01

0 .69

0.68

0.84

0.72

6

7

8

9

0

36

5

0.83

0.04
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Figure 5. Relationship between apparent plasma ethanol c'learance rate

and lamb age (F 
r,r=22.99;p(0.005;r=0.88).
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Concurrent pharmacodynamic assessment of cardÍovascular parameters

during the maternal infusion studies showed the fo'llowing weak but

stati sti cal 1y si gni fi cant associ ati ons. The rel ati onshi p between

maternal heart, rate and maternal p1 asma ethanol concentration i s

presented in figure 6. Maternal heart rate varied between 96 and 156

beats per mi nute and Í ncreased wi th ethanol concentrati on

(Fr,UO=8.72;p(0.01;r=0.37). Fetal heart rate varied between 120 and 228

beats per mi nute and al so i ncreased wÍ th fetal pl asma ethanol

concentration (Fl,54=5.89;p(0.05;r=0.31) (figure 7). No consistent

changes were observed in maternal (70 to 116 mm Hg) or fetal (40 to 70

mm Hg) mean arterÍa1 blood pressure with time or treatment. Sími'larly,

materna'f pH (7.32 to 7.59), P,'..,, (19 to 40 mm Hg), or P,., ß7 to 1,L2 mmvuz u2

Hg) and feta'l pH (7.23 to 7.51), P"^ (30 to 56 mm Hg), or P,., (10 to 28,rO, (30 to 56 mm Hg), or OO, ,t

mm Hg) did not change with time or treatment.

b. Fetal Infusion Study

The followÍng weak but statistically significant associatÍons were

observed i n the fetal i nfusi on studÍ es. Maternal bl ood pressure

i ncreased wi th materna'l p'lasma ethanol concentration (F1,31

=4.9L;p(0.05;r=0.37)(figure B). In contrast to the maternal infusion

study, fetal heart rate v,Jas í nversely rel ated to fetal ethanol

concentration (Fr,rU=15.81;p(0.001;r=-0.61) (figure 9). No changes were

found in fetal blood pressure (40 to 86 mm Hg), maternal heart rate (100

to 150 beats per minute), maternal pH (7.38 to 7.59), OrO, (2S to 37 mm

Hg) or P,., (7+ to 101 mm Hg) and fetal pH (7.27 to 7.46), Pn (40 to 50-vz'z
mm Hg) or Pn (9 to 22 nn Hg) with time or treatment.uz

c. Lamb Infusion Study
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Figure 6. Relationship between maternal heart rate and materna1 plasma

ethanol concentration during and following maternal

infusion of 9.5% v/v ethanol in 5% w/v dextrose solution

at 1.2 glkg over 2 hours (Fl,S4=8.72;p10.01;r=Q.37).
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Figure 7. RelationshÍp between feta'l heart rate and fetal plasma

ethanol concentration during and following maternal

infusion of 9.5% v/v ethanol in 5% w/v dextrose solution

at 1.2 9/kg over 2 hours (F1,S4=5.89;p(O.OS;r=0.31).
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Figure 8. Relationship between maternal blood pressure and

maternal ethano'l concentrati on duri ng and fo'l 1 owi ng

fetal infusion of 9.5"/" v/v ethanol in 5% w/v

dextrose solution (Fr,rr=4.9t ;p(0.05;r=0.37).
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Figure 9. Re'lationship between fetal heart rate and fetal

ethanol concentration during and following

fetal infusion of 9.57" v/v ethano'l in 5% wlv

dextrose solutÍon (f =15.81 ; p(o. oo1 ; r=-0.61 ) .t,26
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Heart rate in neonatal lambs ranged between 156 and 276 beats per

minute. This was associated with mean arterial blood pressures between

40 and 90 mm Hg. Blood pH ranged from 7.39 to 7.56. This was associated

with P^ values between 50 and 103 mm Hq and P^^ values between 26 andu2 - ,u2

44 mm Hg. None of these measurements corre'lated with time or treatment.

D. Alcohol Dehydrogenase

a. 0ptimal pH for Activity

The relationship between ADH activity and pH at 25 oC is presented

in fÍgures 10 and 11. The optimal pH for adult liver, fetal 1iver, and

p'lacental tissue was determined to be 9.0, 9.6, and 9.0 respectÍvely

(fígure 10). The pH optimum for 1 and 2 day old lamb liver ADH was

determÍned to be 8.0, and for 3 and 5 day old lamb livers, 9.6 (figure

11).

b. Maximum Activity

Table 11 summarizes the results of the determination of ADH

activityínmaternal, fetal and lamb liver, and in placenta. The

relationship between activity of ADH at optimal pH and 25 oC and liver

age is shown in figure L2. Adult enzyme activity was at least 10 tÍmes

greater than fetal or 'l amb ADH acti ví ty. Fetal and 'l amb ADH acti vi ti es

were similar. Placenta'l enzyme activity was much lower, about L/4 of

that in feta'l and neonatal lamb liver or t/40 of maternal liver ADH.

Figure 13 illustrates the relationship between lamb liver ADH

activity at optimal pH and 25 oC and 'lamb age. Enzyme activity was

found to increase with age (F1,7=5.73;p(0.05;r=Q.671. ADH activity

increased from 37 + 11 mU/g tissue in the L and 2 day old lambs (n=5)

to 75 I 16 mU/9 tissue in the 3 and 5 day old lamþs (n=4).

c. Activity at Physiological pH as a Function of Temperature
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Figure 10. Relationship between ADH activity at 25oC and pH

i n adul t and fetal I i vers, and p'l acenta.
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Figure 11. Relationship between ADH activity at 250C and pH in

L,2,3 and 5 day old lamb liver.
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Table 11. Alcoho! dehydrogenase actívity at oPtímal pll
and 25oC ín maËernaL, fetaL and lamb livers
and pLacenta.

Sanrple Actívíty at pll optimum
pH optímun
(mU/B Ëissue)

Maternal- Líver

1005
s59
958
395

mean 729
150S .8.

Fetal Líver

Sample Activity at PtI oPtinun
pH optimrtut
(nU/e tissue)

Lamb Liver

I
2
3
4

1

2

3
4
5

9.0
9.0
9.6
9.6

I
2
3
4
5
6
7

I
9

9.0
8.0
9.6
9.6
8.0
10.0
r0.0
9.6
9,6

(1) a

( 1)
(1)
(2)

42
77
22
2T
25
73
33
LT2
B1

(2)
(3)
(3)
(s)
(s)

mean
S.E.

Pl-acenta

mean

54
11

62
59
95
51
91

L4
10
24
11

9
9

9

9

I

0
6
6
6
6

I
2

3
4

9.0
9.0
9.0
9.0mean

S .8.

é

72
9

15
3S.E

age in days

-LT4.



Figure 12 .RelatÍonship between liver ADH actÍvity at optima'l pH

and 25 oC and age in adult (A) and fetal (o) sheep

and i n newborn 'lambs (o) ,
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Figure 13. Relationship between lamb liver ADH activity at optÍma1 pH

and 25 oC and age (F1,7=5.73;p(0.0S;r=0.67).
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Table 12 compares the actÍvity of ADH at 25 oC and at 37 oC in

maternal, fetal and lamb 1iver, and placenta at pH 7.4. Activity is
greater at 37 oC in all tÍssues, but the ratio of activity at 37 oC to

25 oC varies.

E. RelatÍonshíp between ADH Activity and Ethanol Pharmacokinetics

The relationship between in vitro ADH activity at pH optimum and

25oC and in vivo plasma ethanol clearance rates is presented Í n tab'le

13. Maternal and fetal Ín utero plasma ethanol clearance rates are

simÍlar. However, the mean fetal liver ADH activity is on'ly about L0

percent of maternal liver ADH actÍvity. Both 'liver ADH actÍvity and

p1 asma ethano'l cl earance are I ower i n the I ambs than i n the maternal

sheep. However, no correlation between plasma ethanol clearance and

I iver ADH activÍty at optima'l pH and 25oC (fígure 14), or at

physio'logical pH and either 25 oC or" 37 oC for the same animals was

demonstrated for neonatal lambs.
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Table 12. ALcohol dehydrogenase actívity aÈ gH 7.4.
CoBparíson between actÍvíty aE 25 -C and
gZoi: in matarnal, fetaL and lamb l-iver
and pJ-acenËa.

SarnpLe

MaÈerna1
Líver

Fetal
Liver

Placenta

Lamb Liver
(1 day)

Lamb Líver
(2 day)

Lamb Liver
(3 day)

Lamb Liver
(5 day)

ADH AcÈlvíty
(mu/B tíssue)

zsac a7o c

556 1008

31 65

10

11

16

35

20

Actívíty Ratío

37o /25oC

B

7

1.81

2. 10

L.25

L.57

L.45

I .35

r.82

11

26

11
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Table 13. CorrelatÍon between plasma ethanoL clearance
and ADH acËiviÈy ín maÈernal and fetal sheep
and nerrrborn l-ambs. Data are expressed as
mean * S.8..

Sample

Fetal

Lamb s4 ! 11 (e)

Adult 729 + 1s0 (4)

a-number of experíments

b deÈermÍned i.n utero

9+72

ADH
Actívity

(mu/B ,Eíssue)

Apparent
PLasma Clearance

(neh-/t'L)

b206+5 (5)

36+s (9)

203 ! 13 (s)

(s) "
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Figure 14. Relationship between lamb liver ADH activíty at 25oC

and optimal pH and plasma ethanol clearance in

the same animals after infusion of 9.5"/" v/v ethanol

in 5% w/v dextrose solution at 0.6 g/kg over t hour.
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DISCUSS ION

A. KÍnetic DisposÍtion of Ethanol

a. Maternal Infusion Study

Peak materna'l ethanol concentrations in experiments 1-5 (taUle 6)

were sÍmilar to those reported by Fuchs et al. (1967) for the prevention

of premature labour in humans who receÍved the same infusion rate. In

our study, no differences between maternal and fetal peak concentrations

which occured at the end of infusion were noted. Di'lts (1970) and Rose

et al. (1981) reported peak maternal concentrations to be higher than

feta'l concentrations. This might be associated with the use of a higher

ethanol dose (Rose et al. 1981) or the use of an acute preparation

(0ilts 1970). This implÍes that conditions of stress, including surgical

procedures and possi b1y ethanol -i nduced i mpai rment of umbi I i cal

circulatÍon may alter ethanol pharmacokinetics in pregnancy.

During infusion, fetal ethano'l concentrations Íncreased at a slower

rate than maternal concentrations. Thís delay has been attributed to

general hemodynamic mechanisms of p'lacental cÍrculatÍon (shapiro et al.

L9671. However, the difference is sma11, indicating that rapid placental

transfer of ethanol from mother to fetus must occur. SÍmilar findings

have been reported by others (Dilts 1970, Rose et al. 1981, Ng et al.

1982), but Cook et al. (1981) and Ayronrlooi et al . (Lg7g) found no

di fference.

The observation that fetal ethanol concentratÍons exceed maternal

concentratíons at the end of infusion is supported by previous studies

(Mann et al. L975, Rose et a'|. 1981). However, fetal ethanol

concentrati ons cl osely paral I el ed maternal concentrati ons. These

fÍndings are consÍstent with observations made in human fetuses and

newborns where ethanol elimination is much slower than in adults

-t24-



( I danpaan-Hei kkul a et a'l . 1972, Wagner et al . L970 , Seppa'l a et al .

1971 ). Whether thi s di fference represents di fferences i n fetal

metabolism or limitations in p'lacental hemodynamics is yet to be

establ i shed.

In experiments 6-9 (taUle 6), a bolus ínfusion was followed by the

same maintenance dose as used by Fuchs et al. (1967). It appeared that

steady state condÍtions r^rere attaÍned, although a longer maÍntenance

period would have confirmed this. Maternaì and feta'l peak concentrations

!'rere similar and amniotic fluÍd peak concentrations were'lower and

occurred after the end of infusion, suggesting delayed transfer to the

amniotic fluid. These observations confirm previous reports (Cott'le et

al . 1980, Ng et a'l . 1982)

Maternal and fetal plasma ethanol clearance rates from all studies

were si mi I ar. Thi s correl ates wel I wi th fÍ ndÍ ngs of Cook et al . ( 1981 )

and with clearance rates calculated from limited mean data of Ayromlooi

et a'l . n979). fnis Ís not in agreement with Rose et a'1. (L982) who

reported fetal clearance to be L/4 of materna'l clearance. Ng et a1.

(1982) calculated maternal and fetal clearance rates to be simÍ'lar, but

lower than in our studies. AmnÍotÍc fluid clearance Ín one study was

lower than maternal and fetal clearance rates and is in agreement with

Ng et a'l . (1982).

. b. Fetal Infusion Study

Infusion of ethanol into the fetus has not previously been

reported. Since ethanol is a relative'ly small mo1ecu1e, rapid transfer

across the placenta is expected. Different characteristics between

maternal-fetal and fetal-materna'l exchange are not anticipated. However,

infusion of ethanol into the fetus at the same rate given in the
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maternal ínfusion studÍes (0.6glfg over L hour) resulted Ín a four-fold

di f ference i n materna'l and fetal peak ethanol concentrati ons (tab'l e 7 ,

study L). Infusion of a total dose of O.Sglt g over t hour (taOlè 7,

study 2l also produced a four-fold difference. This difference may

represent I imitations of p'lacenta'l b'lood flow resulting ín irnpaired

transfer to the maternal circulation. Whether this Ímpaired transfer

results from ethanol itself remaíns to be established. A lower dose

produced a smaller difference in maternal and fetal peak concentrations.

Materna'l and fetal clearance rates in the fetal infusion studÍes were

similar to those in the maternal infusion studÍes in spite of the

difference Ín placental transfer rate.

c. Amniotic Fluid Infusion Study

Infusion of ethanol into the amniotic fluid has not previous'ly been

reported. Direct ethanol infusion enabled us to examine the transfer of

ethanoì from the amni oti c fl ui d compartment. The de'l ay i n peak

concentrations ín the maternal and fetal circulations suggests that

transfer of ethanol from the amniotÍc fluid is a slow process. This

observation is supported by our maternal infusion study and maternal

infusion studies by Ng et al. (1982) and Cottle et al. (1980). The

relative times to peak ethanol concentrations suggest that the fetus is

first exposed to ethanol. Drugs administered to the amniotic fluid are

rapidly absorbed by the fetus (Van Petten et al.197B). Ethanol reaches

the maternal circulatÍon from the fetus and the amniotic fluid. The

reason for the difference in maternal and fetal calculated AUC is not

clear but could be due to impaired transfer to the mother or deficient

ADH Ín the fetus. Materna] and fetal clearance rates could not be

determined, but similar rates would suggest metabolism from the maternal
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compartment only. The amnÍotic fluid clearance rate was determíned to be

I ower than that after maternal infusion. Amniotic fluid ethanol

concentrations used to determine clearance were higher in the amniotic

fluid Ínfusion than in the maternal infusíon experiment. These

observations do not support evidence that ethanol elimination rates may

increase with ethanol concentration (Newrnan et a'|. L937, Grunnet and

Thieden Lg7?, Rangno et al. 1981), although our concentration range was

not great enough to determine this. Thus, the effect of the site of

admÍnistration on ethanol clearance rates needs to be examined further.

ThÍs study indicates that, the amniotic fluid may act as a reservoir for

ethanol, resu'lting in prolonged fetal exposure. The extent of this

exposure is not represented by maternal ethanol concentrations. Data

from the materna1 infusÍon and amniotic fluid infusion studies suggest

impaired bidirectional transfer of ethanol in the amniotic fluid.

Further studÍes are necessary to define the mechanisms contributing to

our observations.

d. Lamb Infusion Study

Ethanol disposition Ín the newborn 'lamb has not previously been

reported. These experiments were performed to assess the ability of the

neonate to e'l iminate ethanol in cornparison to the fetus in utero.

Ethanol elimination rates in the human neonate have been determined to

be about half the maternal rate (Sepalla et al. L97L, Idanpaan-Heikkula

et al. L9721. The newborn monkey eliminates ethanol at about L/4 the

rate of the mother (Hill et al. 1983). In our lamb experiments, ethanol

eliminatíon in the newborn lamb was also lower, at about L/6 the

maternal and fetal in utero rates. Plasma ethanol clearance increased

wÍth lamb ôgê, to about 1/4 materna'l and in utero clearance rates at 5
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days. This confirms the reliance of the fetus on the mother for ethano'l

elimnation and identifies the risk to the neonate. The neonate of an

intoxÍcated mother will be exposed to significant ethanol concentrations

for a considerab'ly longer period of tÍme than in utero when materna'l

metabolism would limit fetal exposure.

B. RelationshÍp between Pharmacodynamics and Pharmacokinetics of Ethanol

Di sposi ti on

a. Maternal Infusion Study

The increase in maternal heart rate wÍth ethanol infusion has been

previously observed (Cook et al. 1981, Rose et al. 1981), but others

(AyromlooÍ et a]. L979, Mann et al. L975, Ng et al. 1982) reported no

change. A cardiostimu'latory action of ethanol may be due to severa'l

mechanÍsms. Acetaldehyde stÍmulation of the sÍnus node (James and Bear

1967), decreased total peripheral vascular resistance (Stein et al.

1963), direct myocardial effects (Kirkpatrick et al. 1976) and indirect

catecholamÍne re]ease (Kirkpatrick et a'1. Lg76) have been postulated.

Fetal tachycardía has also been reported (Mann et al. Lg7S, Ayromlooi et

al. L979, cook et al. 1981) andisinagreementwithourfindings.

0ur studies confÍrm earlier observations that materna'l ethanol

infusion does not affect maternal (Ng et a]. 1982, Ayromlooi et a'|.

1979, Cook et al. 1981, Mann et al. 1975) or feta'l (Ng et al, 1982, Rose

et al. 1982, cook et al. 1981, Kirkpatrick et, al. 1976) b'lood pressure.

Ayrom'looietal.(1979) reported a stight increase in feta'l b'lood

pressure during Ìnfusion, and l4ann et al. (197S) noted fetal

hypotensÍon. The use of an acute preparation by Mann et al. (1,975) in

which the fetus is exteriorized may explain theír observation.
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l,le observed no changes i n maternal or fetal bl ood gas parameters i n

our studÍes, which is in keeping with most other studies (Dilts 1970,

Kirkpatrick et al. t976, Cook et al. 1981). Ayromlooi et al. (1979)

reported an increase in feta'l P,., , and suggested an ethanol-induced
uz

increase in uterine blood flow and improvement in fetal oxygenation.

Fetal acidosis reported by Mann et al. (1975) may be attributed to the

acute preparation, as well as higher peak maternal and fetal ethanol

concentrations. Arterial blood gas parameters may not accurately reflect

major alterations Ín fetal cardiovascular status (Kirkpatrick et al.

L976, Cook et a'l . 1981). KÍ rkpatrick et a'l . (t976) observed no changes

in fetal blood gas parameters with maternal ethano'l infusion but

demonstrated a significant reduction in fetal cardiac contractilÍty. The

consequences of acute ethanol exposure on the fetal heart need to be

examined iurther.

b. Fetal Infusion Study

Fetal infusion studÍes were performed to determine if the direct

infusion of ethano'l to the fetus resulted in different cardiovascular

effects. Feta'l ethanol infusion produced fetal bradycardia. This has not

been reported in maternal Ínfusion studies. Kirkpatrick et al. (1976)

reported a si gni fi cant decrease i n fetal cardÍ ac contracti 1 i ty

assocÌated with maternal ethanol intake. DurÍng maternal ingestion, the

increases Ín maternal and fetal heart rate may be due to catecholamine

release by the mother (Kirkpatrick et al. L9761. In our fetal infusion

studies, the decrease in heart rate was not accompanÍed by changes in

maternal heart rate. Thi s may be because of the I ow ethanol

concentration attained in the maternal circulation. The mechanism for

the decrease in fetal heart rate is not readily apparent. However, it, is
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bel i eved to be i ndependent of maternal i nfl uences. The negati ve

Ínotropíc action of ethanol on fetal heart rate may represent under'lying

cardiac bÍochemical changes which could adverse'ly affect post-nata1

cardiovascular adaptation. Further pharmacokinetic and pharmacodynamic

studies of ethanol are needed to assess potentia'l adverse effects

related to prolonged exposure to ethanol when the fetus is separated

from its intrauterÍne protective environment at birth.

c. Lamb InfusÍon Study

We found no sÍgnificant changes in heart rate, blood pressure, or

acid-base status in lambs during or after ethanol infusion. These

findings are consistent, with those of Wagner et al. (tgZO) who reported

no significant changes in alertness, motor actÍvÍty, circulation,

respÍration, oF acid-base status in 6 premature infants with blood

ethanol concentrations of up to 0.9 g/L. In our studies, the peak

ethanol concentratÍons were lower (tanle 10). Changes may occur at

higher concentrations. In all nine lambs, infusion of 5 percenl w/v

dextrose sol utÍon was requÍ red to mai ntai n normal bl ood g'l ucose

concentrations. Wagner et al. (1970) reported 2 cases of ethanol-induced

hypoglycemia. Ethanol Ímpairs hepatic g'lucose output by inhíbitÍng

gl uconeogenesi s. The consequences i ncl ude tachycardi a, sweati ng,

tremulousness, Írritabil ity, headache and mi1 d hypothermia (Wil I iams

1984). In our studies, dextrose infusion may have prevented the

observation of any adverse cardÍovascular effects. As previously stated,

these parameters may not be appropriate indicies of more fundamental

changes. Neonatal toxicity and death associated with acute

transpìacental ethano'l intoxication have been reported (Cook et al.

Í975, Jung et al. 1980, Peden et al. L973). tne primary features of
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toxícity were respi ratory and CNS depression (Coof et al . 1975).

Neonates delivered durÍng or after unsuccessful attempts to inhibit

premature labour with ethanol or to intoxicated mothers could be

expected to have a higher incÍdence of neonatal depression. Further

studies are needed to delineate the effects of ethanol on the neonate.

C. Alcohol Dehydrogenase

a. Effect of pH

The optimal pH for human fetal and adu'lt liver ADH are 10.0 and

L0.4 respectÍvely (PÍkkarainen and Raiha t967\. Differences in optima]

pH for adu'lt, fetal and lamb liver ADH were observed in our studies, and

may reflect the presence of electrophoretically different bands of ADH

(Von Wartburg et al. 1964). During human development, liver ADH shows a

distinct, progression in isoenzyme pattern from on'ly one form during

fetal life to as many as 7 to 9 major forms Ín the adult (Pikkarainen

and Raiha 1967, Li L9771. Isoenzyme studies were not performed in our

experiments, but they may reveal changes i n Í soenzyme patterns

associated to enzyme activity. Difference in activity at pH 7.4 to
optimal pH índirectly supports a similar situation in the sheep model.

b. Maximal Activity

The enzymatic and molecular properties of sheep liver ADH have not

previ ously been characteri zed. l¡lÍ de varí ati on i n ADH acti vi ty r,las

observed in our experiments. It is expected that sheep liver ADH, like

horse, monkey, and human ADH di sp'l ays mul ti p1 e mol ecul ar forms.

Heterogenei ty i n mol ecul ar forms of human I i ver ADI{ devel ops

perinata'|1y, and ís present in adult, livers to variab'le and different

extents (von Wartburg 1964). Human fetal ADH actfvÍty ís 10 to 30

percent of adul t acti vi ty ( Pi kkarai nen and Rai ha L967 , Smi th et al .
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1971). Fetal actÍvity in humans appears to increase with gestational age

(Smith et al. 1971). PÍkkarainen (1971) demonstrated that the 10 to 16

week human fetus cannot elÍminate ethanol at all. We found the actÍvity

of near-term fetal lÍver ADH to be about 10 percent of adult activity

which is consistent with differences reported for human (Pikkarainen and

Raiha 1967), rat, and guinea pig (Raiha et a'|. L9671 lÍver.

Duríng human deve'lopment, ADH activity in the fetus is low and

reaches adult levels at about 5 years of age (Pikkarainen and Raiha

L9671. Newborn lamb liver ADH activity was simi'lar to fetal activity,

suggestÍng increases in enzyme activÍty occur only after bÍrth, and

begin within the first 5 days of life. A distinct íncrease in activity

was noted at 3 days. This may be related to progression in isoenzyme

pattern (Pikkarainen and Raiha 19671 and in observed changes in pH

optimum. The low placental ADH activity indicates a minor role for it in

ethanol metabol i sm.

c. Activi ty at Physiol ogical pH as a Function of Temperature

ADH activity !úas determined at pH 7.4 Lo simulate physiological

conditions. ActÍvity was less at pH 7.4 than at optimal pH and Ís

consistent with the activity of human ADH (von Wartburg et a1. 1964).

The increase in activity wÍth temperature has previous'ly been observed.

Plapp (tg75) reported the activity of horse líver ADH at 25 oC to be

about 60 percent of the activity at 37 oC. The calcu1ated activity ratio

37 0C,25 oC of about L.67 is.within the range of our data (table 12).

The ratio of activity 370C:250C in our studies were simílar but

dependent on the tissue. This suggests the presence of various forms of

ADH in the tissue samples.
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D. RelatÍonship between PharmacokinetÍcs and Alcohol Dehydrogenase

Acti vÍ ty

The mean fetal lÍver ADH actÍvity is 1/10 materna'l ADH activity,

whereas maternal and in utero fetal ethanol c'learance rates are similar.

This implies that the fetus relÍes on maternal metabolism for the

elimination of ethanol, and that elimination is dependent primarÍ1y on

the mother. This interpretation is supported by data which demonstrates

that fetal and lamb liver ADH activity are similar, but lamb ethano'l

clearance is about I/6 of maternal and in utero fetal rates. The lack of

correlation between plasma clearance rates and ADH activity in newborn

lambs may be exp'lained by experimental conditions. ADH activity was

determined in vitro at optimal pH and 250C, which does not mimic

physio'logíca'l condítions. A1so, the detergent may unmask enzyme activíty

which is not expressed physiologically. It cou'ld also be due to the

narrov', range of age and small sample size Ín our study. No correlation

was found at physiologica'l pH and 25 or 370C. It is clear that ADH

actÍvity and the capacity for ethanol elimination in the neonate are

diminished, and that this may present problems ín the initia'l expression

of physÍological function in the Íntoxicated neonate. Whether this has

long term consequences is not present'ly understood.

Although ethanol has been widely rep'laced by beta agonists in the

treatment of premature I abour, the effect,s of fetal exposure to ethanol

must still be consÍdered in view of its wídespread social use. There is

no doubt that increased fetal risk Ís associated with heavy maternal

ethanol i ntake. However, the fetal ri sks associ ated wÍ th I i ght to

moderate ethanol intake require further consÍderation. A major question

that arises is the Ínfluence of timing, exposure and pattern of drinking
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on the outcome. The possibí1i1ty of acquired tolerance to repeated

exposure could be explored. 0ur studies explored the pharmacokinetics of

ethanol to provÍde information about the transfer of ethanol across

biologica'l membranes. Further investigation of the significance of the

amniotic fl uÍ d as a reservoi r Í s warranted. Assessment of the

dose-related effect of ethanol on umbÍlÍcal cÍrculation and its effect

on bi di rectional pl acental transfer woul d be of val ue. Whether

i ntravenous and oral admi ni strati on of ethano'l produce equi val ent

adverse effects on the human fetus must be examined.

l^le observed di f ferent pharmacodynami c changes wÍ th di f ferent

infusion sites. More precise measurements of cardiac performance wou'ld

be an asset. IdentifÍcation of the biochemical changes associated with

ethanol exposure would contribute to an understanding of the effects of

ethanol. Direct Ínfusion of acetaldehyde into the fetus would help

identify if the observed effects are direct'ly due to ethanol or its

metabol i te.

Kinetic data from our lamb st,udÍes confirmed that the fetus has

1 i tt:l e capaci ty for ethanol metabol i sm. The determi nati on of ADH

acti vi ty i n sheep ti ssues has provi ded prel imi nary data for

identification of molecular properties of sheep ADH. Isolation of

isoenzyme bands may lead to understanding of liver ADH development in

sheep. Although animal studies are not necessarily reflections of human

responses, our studies of the kinetics of ethano'l in pregnant sheep and

in newborn lambs have contrÍbuted to a most useful animal model for

study of t,he maternal-fetal unit. An understanding of the effects of

fetal exposure of ethanol Ís crucíal to the prevention of abnormal

outcomes of preganancy associated with ethano'l ingestion.
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CONCLUS I ONS

Ethanol Í s rapi dly transferred from the maternal to fetal

circulation when it ís admÍnistered to the mother during pregnancy.

0n the other hand, the ability of the fetus to excrete or

metabolize a large dose of ethanol administered directìy to it ís

i mpai red.

The amniotic sac may serve as a reservoir for et,hanol resulting Ín

pro'longed exposure of t,he fetus to ethanol .

Ethanol el i mi nati on rates i n newborn 'l ambs are 'l ower than i n the

mother or the fetus in utero.

Direct infusion of ethano'l into the fetus produces different

cardiovascular effects than when infused into the mother.

Lamb and fetal liver ADH activity are similar and are less than

adult liver activity.

The fetus relies on the maternal circulation for the elimination of

ethanol .

Neonates born to intoxicated mothers will be exposed to ethanol for

proì onged periods because of decreased capaci ty for metabol i sm and

el imi nation of ethanol .
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