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Summary 

I n  v i t m  uptake (45 and 90 minutes) of amino acids, alpha-amimo 
isobutyric (AIB) and v a b e  (VAL), was measured in six placentae 
from the nonhuman primate, Macacca f(~~cic&ris. Three of the 
pregnant primates were chronically treated with ethanol before 
and throughout pregnancy (CHR); one during the last trimester 
only (LT); and two were controls (C). Compared to the C placen- 
tae, the LT placenta had significantly decreased uptake only for 
AIB at 45 min: 33.4 f 6.8% reduction (mean f S.E.) (P < 0.05). 
In contrast, the CHR placentae demonstrated significantly re- 
duced uptake (P < 0.01) for both amino acids at both time points. 
Percent reduction at 45 and 90 min: AIB, 35.2 f 6.5% and 32.6 
f 5.6% and VAL, 38.7 f 29% and 22.1 f 4.1%. The results 
indicate that chronic in vivo ethanol exposure impairs the in v i t m  
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placental uptake of two actively transported amino acids, using an 
animal with a placenta almost identical to the human. 

Abbreviations 

AIB, alpha-amino isobutyric acid 
CJC,, ratio of intracellular to extracellular concentration 
C, control 
CHR, chronic 
FAS, fetal alcohol syndrome 
h inuh 
IUCR, intrauterine growth retardation 
LT, last trimester 
VAL, v a h e  
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The effects of prenatal, large-dose ethanol exposure may be 
manifested in man by the FAS. Characteristic features of FAS 
include speci& facial anomalies, mental retardation, and IUGR 
(5). The pathophysiology of the FAS, including IUGR, is not well 
understood. Ethanol and/or its metabolites may be directly toxic 
to the developing fetus, as suggested by several animal studies (1, 
3, 7, 10, 14, 15, 23, 26). Maternal environmental factors, such as 
poor diet and use of other drugs may also play a role, although 
epidemiologic studies have been able to identlfy ethanol as an 
independent risk factor (21,25) and animal models of FAS have 
carefully controlled for dietary intake (1, 3, 10, 15). 

Normal fetal growth and development is also dependent upon 
a healthy placenta. The placenta is necessary for maintenance of 
the pregnancy, mobilization of maternal nutrient stores, and ma- 
ternal-to-fetal transfer of essential nutrients (20). It has been 
proposed, therefore, that ethanol may alter fetal growth and 
development through placento-toxicity (8, 11, 17, 27). For exam- 
ple, synthesis of placental lactogen is reduced in the rat by ethanol 
exposure (27). Studies in the sheep (9) and most investigations 
using the rat (1 1, 17, 22, 27) have suggested that in vivo ethanol 
exposure may impair placental transport of amino acids. One 
rodent study, however, failed to demonstrate altered placental 
transfer of amino acids, vitamins, or zinc (13). 

The human placenta is different, both anatomically and func- 
tionally, from the sheep and rodent (2). Furthermore, alterations 
induced under acute in vitro conditions may differ from placental 
changes caused by chronic in vivo ethanol exposure. blormal 
human placental slices, acutely exposed in vitro to ethanol or 
acetaldehyde, do not demonstrate impaired amino acid uptake 
unless pharmacologic concentrations are used (8). In order to help 
resolve the question of ethanol-associated placento-toxicity, in 
terms of amino acid transport and the pathophysiology of IUGR 
seen in the FAS, a primate (M. fascicularis) model of chronic 
ethanol exposure was utilized (12). This Old World primate has a 
placenta that is anatomically and functionally almost identical to 
the human (2). 

MATERIALS AND METHODS 

Term (155 days) placentae were obtained at Cesarean section 
from six Macacca fascicularis monkeys during a 1-year study 
period. The animals were housed at the New England Regional 
Primate Research Center and maintained on a balanced liquid 
diet (12). There were three monkeys who received ethanol (30% of 
total calories) chronically in their diet for several months before 
and throughout pregnancy (CHR); one monkey who received 
ethanol only during the LT; C animals, whose diet had carbohy- 
drate isocalorically substituted for ethanol. An attempt was made 
to "retrospectively" pair-feed the C animals with the CHR, but 
spontaneous abortions and still-births within the colony resulted 
in only one pair-fed couple (C1 and CHRI). Table 1 summarizes 
intake data on the six animals. Blood ethanol was measured 
enzymatically (12). 

Radiolabeled carboxyl inulin [14C-In] (2.0 mCi/g.>99% pure), 
IMCIASB (19.9 Ci/mole.>99% pure) and ["CIVAL (54.9 Ci/ 
kolk.>99% pure) were obtained from ~ e ;  England Nuclear 
(Boston, MA); scintillation fluid (PCS) and NCS tissue solubiliier 

Table 1. Animal data 

Mean caloric Mean protein Mean ethanol Blood ethanol 
intake * S.D. intake * S.D. intake f S.D. mean (range) 
(kcal/kg/day) (g/kg/day) (g/kg/day) (mg/dl) 

CI 70.9 * 9.8 3.0 * 0.4 
c2 64.4 * 9.5 2.7 * 0.4 
CHRl 71.3 f 7.0 3.0 f 0.3 3.0 f 0.3 40.0 (26-47) 
CHR' 50.1 f 13.1 2.1 f 0.6 2.1 f 0.6 32.4 (19-45) 
CHR, 46.6 * 15.5 1.9 * 0.6 2.0 * 0.7 47.0 (19-58) 
LT 56.7 * 7.5 2.4 * 0.3 2.4 * 0.3 32.4 (21-39) 

' Obtained 4 h after morning offering of ethanol, approximately every 
3 wk during pregnancy. 

Table 

tely after delivery). After 
, oxygenated medium at 
VAL were measured (8). 

3. Amino acid uptake (Ci/Co; mean f S. E.) 

Alpha-amino isobutyric 

Control (n 
CHR (n = 
LT 

Control (n 
CHR (n = 
LT (n = 6) 

n, number 
' P <  0.01. 
P  < 0.05. 

i i RESULTS 

t of the C animals was 385 g and of the CHR 
358 g. Placental weights 

Similarly, no differences were observed 
ion electron microscopy. Specifically, no 
seen in the microvilli, mitochondria, or 

k of any macroscopic or microscopic 
, uptake of amino acids was markedly 
of incubation, villus uptake of both 

uced (P < 0.01) in the CHR 
nta, though somewhat 

are translated into 
d effect of chronic 

calories and protein per kg body 

= 

18) 

= 

18) 

of 

45 min 90 min 

12)' 4.40 * 0.36 5.40 f 0.44 
2.85 * 0.29' 3.64 * 0.3d 
2.93 * 0.303 4.50 * 0.28 

VAL 
12) 3.10 rt 0.25 4.12 * 0.3 1 

1.90 * 0.09' 3.21 * 0.172 
2.90 * 0.30 4.06 * 0.35 

slices at each uptake time. 
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Fig. 1 .  The effect of chronic (CHR) or last trimester (LT) ethanol 
therapy is expressed as a % reduction in amino acid uptake compared to 
control values (AIB, alpha amino isobutyric acid and VAL, valine). 
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Table 3. Amino acid uptake (CI /Co ; mean * S. E.) 

45 min 90 min 
- 

Alpha-amino isobutyric 
Cl (n = 6)' 3.98 * .23 5.10 f .33 
CHRr (n = 6) 1.43 * .12' 2.34 * .362 

Valine 
Cr (n = 6) 2.54 * .I3 4.05 * .26 
CHRr (n = 6) 1.54 f .14' 2.80 * .25' 

' n, number of slices at each uptake time. 
' P < 0.01. 

weight. The only pair-fed animals were CI and CHRI. A compar- 
ison of amino acid uptake by placental slices from these two 
animals is shown in Table 3. Uptake was si@icantly reduced (P 
< 0.01) in the CHRl placenta for both amino acids at both time 
points. CHRl consumed more food (and hence more ethanol) than 
CHR24 or LT and had the poorest amino acid uptake of any of 
the ethanol-treated placentae. 

DISCUSSION 

Utilizing a pregnant animal model, which has a placenta almost 
identical to the human (2), chronic in vivo ethanol exposure was 
found to significantly impair in vitro uptake of amino acids and 
resulted in lower birthweight. Although the birthweights of the 
three chronically exposed newborns averaged 55 g lower than 
controls, the small numbers did not permit statistical comparison. 
On the other hand, the experience in the primate colony over the 
past 3 years has been for the ethanol-treated newborns to be 1 
S.D. lower in birthweight than controls (unpublished data). Our 
experimental findings, therefore, indicate that ethanol-associated 
impairment of placental function may play a role in the patho- 
physiology of IUGR seen in the FAS. 

For the in vitro analysis of placental function, two amino acids 
were tested. VAL is a branched-chain amino acid which is slowly 
metabolized and is actively transported across the placenta (6). 
AIB is also actively transported but primarily by a separate 
"system" (6). In addition, AIB is not metabolized. In vitro net 
uptake of these two amino acids may not represent the entire 
placental transport process but probably reflects the membrane- 
associated, energy dependent phases of placental transport (19). 

The mechanism for ethanol-associated impairment of amino 
acid uptake remains speculative. Ethanol has been shown to alter 
(Na+, K+)-ATPase activity, an essential energy source in amino 
acid transport (16). Ethanol and/or its metabolites may also 
interfere with placental cellular metabolism, particularly protein 
synthesis (14, 23). Finally, chronic ethanol exposure has been 

shown to alter cellular plasma membrane structure and composi- 
tion (4). 

It might be argued that the data were primarily the result of 
poor maternal nutrition. Indeed, maternal malnutrition can lead 
to placental dysfunction and IUGR (20). Two of the CHR animals 
did ingest less food than the controls. On the other hand CHRl 
ate more calories and protein than C2 and was paired with C1. 
Yet, the CHRl placenta had the poorest in vitro uptake of amino 
acids. This suggests, therefore, that ethanol, not nutrition, is the 
major factor under these experimental conditions. 

The impact of ethanol ingestion appeared to be greater in the 
CHR animals, although only one LT animal was available for 
study. The total daily dose of ethanol ingested by the CHR 
animals would be equivalent to very heavy intake in man (21,25); 
however, small animals seem to eliminate ethanol more rapidly 
than man on a per kg basis, and the monkeys sipped their diet 
over several hours. Accordingly, the blood ethanol levels achieved 
in these animals were relatively low, well below human statutory 
intoxication of 100 mg/dl. The placenta is bathed in maternal 
blood and ethanol freely crosses the placenta, yielding fetal blood 
levels equivalent to maternal levels (18); therefore, the blood levels 
are a more accurate reflection of placento-fetal exposure. 

By using the non-human primate, it has been possible to study 
the effects of ethanol ingestion on one aspect of pregnancy: 
placental function. The results suggest that chronic ethanol inges- 
tion may impair placental delivery of certain essential fetal nutri- 
ents namely, amino acids. This could occur regardless of maternal 
nutritional status, i.e., selective fetal malnutrition. Such a pheno- 
menom might help explain the marked IUGR seen in the FAS. In 
addition, it may be speculated that deprivation of essential nutri- 
ents during critical times in fetal organogenesis might aggravate 
any direct feto-toxic effects of ethanol. 
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Diaphragm strength was measured as maximal transdiaphrag- 
matic pressure (Pdi) during airway occlusion in 38 infants aged 
11.6 * 0.5 (S.E.) months postconception (mpc), range 8-21 mpc. 
All infants were asymptomatic at the time of study and required 
no mechanical ventilatory assistance. Ten infants had previous 
surgical correction of abdominal wall defects (gastroschisis/om- 
phakele); 10 infants had previous surgical correction of congen- 
ital diaphragmatic herd.; and 18 infants had no thoracic or 
abdominal surgery. The mean maximal Pdi for all infants was 72 * 3 cmH20. There were no significant differences between the 
three groups. All infants with a maximal Pdi of less than 60 
cm&O were aged less than 10 mpc. After 13 mpc there was no 
significant increase in maximal Pdi. Between the ages &13 mpc 
&ere was a sigolficant positive correlation between maximal Pdi 
and age postconception (r = 0.87, P < 0.0005), reflecting a 
developmental pattern of increasing maximal transdiaphragmatic 
pressure in infants during crying. 

Abbreviations 

mpc, months postconception 
Pdi, maximal transdiaphragmatic pressure 

Premature infants have incomplete growth and development of 
skeletal muscle. A lack of muscle mass is visibly evident in most 
premature infants, suggesting decreased muscle power. One might 
assume that diaphragmatic muscle strength is similarly decreased, 
yet it has not been measured in infants. Diaphragmatic fatigue, 
detected by power frequency spectral analysis of the diaphragm 

Maximal tr diaphragmatic pressures were measured in 38 
infants who we asymptomatic, breathing spontaneously, had 
normal blood g s, and required no mechanical ventilatory as- 
sistance. None 7 o the infants demonstrated hyperinflation on chest 
roentgenograms kt the time of study. Informed consent was ob- 
tained from pare ts of all infants before study, and the study was 
approved by the titutional review board. 

The age range k for the entire group was from 8 mpc, or 36 wk 
estimated gestati+nal age, to 21 mpc, or 12 months post-fullterm, 
with a mean of 1 .6 f 0.5 (S.E.) mpc. 

The patient po ulation was comprised of three groups. The first 6 
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