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Acetaldehyde Production and Transfer by the 
PeAsed Human Placental Cotyledon 

Fetal injury associated with maternal ethanol ingestion is a major cause of congenital 
anomalies and mental retardation. Studies with animals suggest that acetaldehyde, the 
primary hepatic oxidative metabolite of ethanol, may contribute to fetal damage. It is 
not known, however, whether acetaldehyde reaches the human fetus, either by 
placental production or transfer. Studies utilizing the perfused human placental 
cotyledon show that the human placenta oxidizes ethanol to acetaldehyde, releasing it 
into the fetal perfusate. Moreover, when acetaldehyde is present in the maternal 
perfusate, it is transferred to the fetal side, reaching approximately 50 percent of the 
maternal level. These findings suggest that the human placenta may play a pivotal role 
in the pathophysiology of ethanol-associated fetal injury. 

ETHANOL INGESTION DURING PREG- 

nancy may result in fetal injury, in- 
cluding congenital anomalies, intra- 

uterine growth retardation, and mental defi- 
ciency ( 1 ) .  Ethanol-associated fetal damage 
is a major cause of mental retardation in the 
Western world (1). However, the patho- 
physiology of ethanol-associated fetal injury 
is not well understood. To a large degree, 
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the etiology may involve direct toxicity, 
with ethanol adversely affecting both fetal 
development and placental function (2). 
However, acetaldehyde (AcH), the major 
oxidative product of ethanol, has also been 
implicated in many of the adverse effects of 
ethanol consumption ( 3 ) .In pregnant ani- 
mals treated with ethanol, AcH is found in 
the fetus (4),  and administration of AcH to 
pregnant animals can reproduce the fetal 
damage seen with ethanol exposure (5 ) .  
Moreover, in humans, the degree of fetal 
injury may be related to the level of AcH in . . 

the maternal circulation (6) .  and there is 
\ ,. 

inlrect  evidence for maternal-to-fetal trans- 
fer of AcH (7). 

In the experiments described here, we 
attempted to answer two questions: (i) At 
clinically relevant ethanol levels, does the 
human placenta oxidize ethanol so that AcH 
may appear in the fetal circulation? (ii) At 

AcH levels attainable in maternal blood, 
does the human placenta transfer AcH to 
the fetal circulation? Inasmuch as the human 
fetal liver has a low capacity for both ethanol 
and AcH elimination (8) , the placental de- 
livery of AcH could be a major contributor 
to the pathogenesis of ethanol-associated 
fetal injury. 

To examine the potential for human pla- 
cental oxidation of ethanol, we perfused the 
maternal circulation of a single cotyledon in 

0 15 30 45 60 

Time (min) 

Fig. 1. Acetaldehyde production (A) and transfer 
(B) by the pcrfused cotyledon. Adl t ion of 65 
mM ethanol to the matcrnal influx after the 
equilibration and blank perfusion periods (14) 
resulted in the appearance of AcH on the fetal side 
(A) (n = 7) (mean + SE). AcH also appeared in 
the maternal venous efflux (see text). Attcr the 
perfusion with ethanol alone and a 15-min wash- 
out (14), both 65 mM (300 mgldl) ethanol and 
25 FM AcH werc added to the matcrnal influx 
and 100 ml of fresh fetal perfusate (recirculated) 
was analyzed for AcH transfer (B) ( n  = 5) [each 
transfer pattern is shown; one of the curves did 
not have a 15-min time point (dotted line)]. The 
maternal perfusate was nonrecirculated, so that 
influx concentrations werc constant. Perfusate 
samples (250 p1) were placed in chilled vials 
containing 250 ~1 of 1.2N perchloric acid and 80 
mM thiourea, sealed, held on ice for less than 6 
hours, and analyzed for AcH and ethanol content 
by head-space gas chromatography (9) .  Com-
pared to raw perfusate or perfusate with barium 
hydroxide added, perfusate with perchloric acid- 
thiourea gave the least spontaneous AcH produc- 
tion. Standards for AcH were prepared from 
redistilled AcH dissolved in deoxygenated water; 
we estimated the spontaneous formation of AcH 
by using fetal-side blank perfusate (14), to which 
varying amounts of ethanol were added. For a 
given ethanol concentration in the fetal perfusate, 
a corresponding value for spontancous AcH for- 
mation (determined by h e a r  regression) was 
subtracted from the total AcH, yielding the net 
values shown. During matcrnal perfusion of etha- 
nol alone (A), spontancous formation accounted 
for 56.7 t 3.2% of the total AcH in the fetal 
perfusate; during perfi~sion with ethanol and 
AcH, it accounted for only 11.7 & 2.0% as a 
result of the higher AcH levels in the fetal perfus- 
ate. 
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each of seven normal, term placentas for 60 
min with 65 mM (300 mgtdl) ethanol (a 
level found in the blood of heavy drinkers). 
The appearance of AcH and ethanol in the 
maternal and fetal venous effl~uc was moni- 
tored by head-space gas chromatography 
(9). By 15 min, the concentration of AcH in 
the recirculated fetal perfusate was 
1.67 2 0.20 pM (mean 2 SE), and this 
concentration remained relatively constant 
for the next hour (Fig. 1A). Concurrently 
the ethanol concentration in the fetal perfis- 
ate rose steadily, reaching 39.86 rt 3.5 mM 
by 60 min (61.3% of the maternal level). 
The maternal-to-fetal diffusion of ethanol 
was slower than that of antipyrine, a nonrne- 
tabolized, nonvolatile, flow-dependent dif- 
fusion marker, which increased to more than 
80% of the maternal concentration by 60 
min. The metabolism of ethanol by the 
placenta (plus evaporation from the aerated 
fetal reservoir) could have contributed to the 

Fetal 
T Acetaldehvde Acetate 

Time (min) 

Fig. 2. Acetaldehyde and acetate production as 
measured with '4C-labelcd ethanol. I11 a cotyle- 
don from each of three placentas, the maternal 
side was perfused with 25 mM (115 mgldl) 
[14C]etl~ano1 (41.8 to 62.8 pCi/r~~rnol). The etha- 
nol had been redstilled after borohydridc reduc- 
tion, so that nonvolatile and senlicarbazidc- 
trapped contaminants were less than 0.02%. The 
maternal perfusate was recirculated (100 ml) to 
conserve substrate. Slunples of maternal and fetal 
perfusate were treated with semicarbazide or po- 
tassium hydroxide (KOH) to measure AcH or 
acetate (the oxidative product of AcH), respec- 
tively (15). Samples of fetal pehsate  obtained at 
30 and 60 min were added to equal volunles of 30 
mM semicarbazide (AcH recovery) or 0.67N 
KOH (acetate recovery) and mixed. After 15 min, 
500-pl aliquots were placed on oxidizer sponges, 
dried overnight at room temperature, and washed 
three times with ethanol. The residual radioactiv- 
ity, representing either AcH or acetate, was mea- 
sured by scintillation counting after oxidation in a 
Packard 306 oxidi7~r. For the determination of 
spontaneous AcH or acetate formation, fetal pcr- 
filsate was obtained from the blank preparation 
period (14); ['4C]cthanol was added to yield 
varying cot~centratiot~s, and the bla~lks were gent- 
ly agitatcd at 5-min intervals for 60 min. Portions 
were then processed as above. The blank value for 
a given total radioactivity in the fetal perfusate 
was deterrrlined from a linear regression curve. 
The blanks re rcsent radioactivity due to impuri- 
ties in the ['$cthalol and spontanmus forma- 
tion of AcH or acetatc in the perfusate. 

seemingly delayed transfer of ethanol. How- 
ever, our finding is consistent with an in 
vivo delay in maternal-fetal blood ethanol 
equilibrium reported in sheep (10). 

Simultaneous with the appearance of 
AcH in the fetal perfusate, the AcH concen- 
tration in the maternal efflux was virtually 
the same as that in the fetal perfusate. Thus, 
the continuously nonrecirculated (open) 
maternal efflux led to a steady state between 
release of AcH into the fetal perfusate and 
fetal-to-maternal clearance. As a result, a 
total of 0.6 2 0.09 pmol of AcH was 
cleared via the maternal effl~x over 60 min; 
the recirculated fixed volume (100 ml) of 
the fetal perfusate contained a total of 
0.2 -1- 0.03 pmol. From these data, a mini- 
mum ethanol oxidation rate can be estirnat- 
ed for the 17.6 L 1.44 g of perfused cotyle- 
dons: 45.6 nmol per hour per gram of 
tissue. This rate is considerably lower than 
the in vivo human hepatic rate of 178 pmol 
per hour per gram (11), although the calcu- 
lation cannot take into account the evapora- 
tion of AcH from the fetal reservoir, placen- 
tal metabolism of AcH, or binding of AcH 
to tissue proteins (12). Nonetheless, placen- 
tal ethanol oxidation was sufficient to pro- 
duce measurable levels of AcII in the fetal 
perfusate. This suggests that human mater- 
nal ingestion of ethanol may result in fetal 
exposure to AcH (via placental metabolism) 
even if there is no AcH in the maternal 
blood. 

We confirmed the placental production of 
AcH, as determined by head-space gas chro- 
matography, by perfusing three additional 
placentas with I4c-labeled ethanol (Fig. 2). 
In cxpcrimcnts in which the ethanol concen- 
tration in the maternal perfusate was re- 
duced to 25 mM (115 mgldl), a concentra- 
tion found in the blood of the occasional or 
"social" drinker, both the matcrnal and fetal 
perfusates were rccirculatcd, and a time- 
related accumulation of metabolic products 
was expcctcd. Indeed, therc was a more than 
twofold rise in AcH m d  acetate from 30 to 
60 min. This experiment confirmed the 
overall magnitude of AcH production ob- 
served in the initial perfusions, yet at a 
considerably lower ethanol concentration in 
the maternal perfusate. Moreover, the ap- 
pearance of acetate provides evidence of not 
only AcH production but AcH oxidation as 
well. The latter could have bearing on ma- 
ternal-to-fetal AcH transfer (13). 

To  this point, our model has reflected an 
in vivo human circumstance in which there 
would be no circulating AcH of maternal 
(hepatic) origin. However, many people, 
especially alcoholics, havc circulating AcH 
during ethanol ingestion (9). Maternal-to- 
fetal ttansfer of AcH might augment the 
AcH produced by the placenta, resulting in 

even higher AcH levels in the fetal circula- 
tion. Accordingly, in five of the seven pla- 
centas initially perfused with ethanol alone, 
we followed the first perfusion phase with a 
second 60-min period in which the nonre- 
circulated maternal perfusate contained 65 
mM (300 mgldl) ethanol and 25 yM AcH 
(14), an AcH level reported in the blood of 
alcoholics (9). This protocol simulates the in 
vivo circumstance in which the maternal 
blood provides a relatively constant supply 
of AcH over a short period. 

Pehsion of the placental cotyledon with 
ethanol and AcH resulted in maternal-to- 
fetal transfer of AcH (Fig. 1R). Acetalde- 
hyde transfer was leveling off at 45 min and 
did not approach equilibrium with the ma- 
ternal influx concentration of 25 pM AcH, 
being only 49.8 +- 1.0% of that concentra- 
tion by 60 min. A similar maternal-to-fetal 
AcH gradient has been described in animal 
models of AcH transfer (6). Despite the 
failure to reach AcH equilibrium, AcH con- 
tinued to disappear from the perfused ma- 
ternal circulation: the maternal eftlux con- 
centration of AcH was 3 1% lower than the 
influx, being 17.26 rt 1.13 pM at 60  min. 
This continued influx-cfflux difference was 
presumably the result of metabolism and 
protein binding. Therefore, the results from 
the second phase of the placental perfusions 
indicate that the prcsence of AcH in a 
mother's blood results in partial transfer to 
the fetal circulation. This transfer load, su- 
perimposed on the AcH produced by pla- 
cental oxidation of ethanol, would prcsent 
an additional burden to thc fetus. 

Our data indicate that the human placenta 
has the potential to produce AcH, which 
could cnter the fetal circulation. Further- 
more partial transfer of AcH from maternal 
to fetal blood may occur. Becausc AcH is a 
potent cellular toxin (3), its prcsence in the 
fetal circulation, whcthcr of placental or 
maternal origin, could help explain the 
pathophysiology of etlianol-associated inju- 
ry. Fetal exposurc to AcH might augment 
the direct fctotoxicity of ethanol and could 
be a cause of impaired fetal growth and 
development. Central to this mcchanism for 
fetal injury is the major maternal-fetal inter- 
face, the placenta. 
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Antibodies to Asp-Asp-Glu-Asp Can Inhibit 
Transport of Nuclear Proteins into the Nucleus 

The signal sequence of simian virus 40 (SV40) large T-antigen for translocation into 
the nucleus is composed of positively charged amino acids Lys-Lys-Lys-Arg-Lys. 
Rabbit antibodies to a synthetic peptide containing the negatively charged amino acid 
sequence Asp-Asp-Asp-Glu-Asp were obtained. Indirect immunofluorescence of the 
antigens recognized by the antibody was punctate at the nuclear rim or the nuclear 
surfice, depending on the plane of focus. The antibody blocked transport of nuclear 
proteins into the nucleus. The antigens recognized by the antibody were predominant- 
ly localized to the nuclear pores. 

NUCLEAR PROTEINS HAVE SPECIFIC antigen may be the active nuclear transport 
signal sequences that are necessary signal. 
for their transport from the cyto- "Receptors" that interact with the signal 

plasm into the nucleus-(1). Colloidal gold sequence may have a negatively charged 
particles coated with nucleoplasmin and in- region electrostatically complementary to 
jected into the cytoplasm of Xenopus oocytes the positively charged signal sequence. The 
enter the nucleus through nuclear pores (2). putative signal sequence-binding site might 
Wheat germ agglutinin binds to O-linked contain either DDDED or EEEDE. We 
N-acetylglucosamine (GlcNAc) residues of therefore synthesized these peptides (Table 
nuclear pore complex proteins and inhibits 1) and and purified antibodies to 
import of proteins into the nucleus in vivo them (Fig. 1). The antibodies consisted 
(3) and in vitro (4). The nuclear targeting almost exclusively of immunoglobulin G 
signal of SV40 large T antigen is composed (IgG) and reacted specifically with the cor- 
of positively charged amino acids and has responding peptides (Fig. 1, A and B) ( 8 ) ,  
the characteristic sequence KKKRK (1, 5) .  but did not react directly with iodinated 
Other nuclear are reported to have nucleoplasmin (Fig. 1C). .Almost the same 
similar sequences (6).When the SV40 large result was obtained with bovine serum albu- 
T-antigen signal sequence is conjugated to min (BSA) conjugated to the nuclear target- 
nonnuclear proteins with molecular sizes of ing sequence of either SV40 large T antigen 
more than 68 kD (too large to enter the or polyoma virus large T antigen (SV40 T- 
nucleus by passive diffusion) and these are BSA or polyoma T-BSA). 
iniected into the cvtoplasm of cells. these We usedindirect irnmunofluorescence to , 	. 
conjugates are transported into the nucleus determine the intracellular locations of the 
within 30 min, without cell division (7). antigens recognized by these antibodies. 
Thus, the signal sequence of SV40 large T Both kinds of antibodies gave similar results, 

although 10 to 20 times as much anti-
EEEDE as anti-DDDED was required for 

Y. Yoneda, N. Imamoto-Sonobe, Y. Matsuoka, R. Iwa- equal staining. In interphase cells anti-
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