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Abstract-Ethanol and acetaldehyde contents in the peripheral blood of intact non-preg- 
nant and pregnant rats have been determined after an intraperitoneal injection of ethanol. 
Determinations have also been made of the ethanol and acetaldehyde contents and the lac- 
tate!pyruvate ratios in frozen, clamped livers of intact pregnant and non-pregnant rats with 
or without a prior injection of ethanol. The if? vitro activities of the liver alcohol and acetal- 
dehyde dehydrogenase have also been measured. Elimination rate of ethanol in ciro was 
found to be equal in pregnant and non-pregnant rats, but the acetaldehyde content of the 
peripheral blood after ethanol administration was higher in pregnant than in non-pregnant 
animals. Brcausc the ethanol and acetaldeh!de contents of frozen. clamped livers were 
similar in magnitude in pregnant and non-pregnant rats and no differences were found 
in the irl rirro activities of the liver alcohol and acetaldehyde dehydrogenase between the 
two animal groups a difference in the extrahepatic metabolism of acetaldehyde is 
suggested to explain the high acetaldehqde content in the peripheral blood of pregnant 
rats after ethanol administration. The lactate and pyruvate contents of frozen, clamped 
li\crs of pregnant rats wilhout a prior dose of ethanol wcrc highct- than those of non- 
pregnant animals indicating a high rate of glqcolqsis during pregnancy. but the lactate 
pyruvate ratios of the livers were equal in the two animal groups both with and without 
previous ethanol loading. 

ALCOHOL has been used for several years for the prevention of premature labor, 
because of its inhibitory effects on uterine contractions.‘.’ Also, it has been reported 
in experiments with rhesus monkeys that ethanol does not alter the intensity or fre- 
quency of uterine contractions.” The activities of the alcohol and acetaldehyde 
dehydrogenase have been shown to be extremely low in both human and rat 
fetus.“-6 Likewise it has been shown that the capacity of human fetal liver to eli- 
minate ethanol and acetaldehyde during liver perfusion experiments is very low.’ No 
information, however, is available concerning the maternal metabolism of ethanol 
or acetaldehyde. The present work was carried out with the aim of studying how the 
metabolism and the metabolic effects of ethanol and acetaldehyde are modified dur- 
ing pregnancy. 

MATERIALS AND METHODS 

Female Wistar rats (200-250 g). 7 months in age. were fed an ordinary laboratory 
diet (Astra-Ewos Ab, Siiderttilje, Sweden), and tap water ad lib. The rats allotted to 
the pregnant group were housed with males for I2 days with experiments performed 
on the 20th and 21st days after copulation began. Thus the duration of pregnancy 
varied largely according to the time when the animals became pregnant. Female non- 
pregnant rats of the same age served as controls. 
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One or two days before the liver experi~le~lts. the ethanol and ~~~et~lldehyde con- 
tents of the peripheral blood were d~terln~~l~d after an ~i~tr~~p~rit~~il~~~l injection of 
I.2 g ~th~~~~o~~kg rat body weight as a 10”,, (w/v) solution, The blood samples were 
taken from the tip of the tail 30, 60, 90. 120 and 150 min after the injection. 

For the liver experiments, the rats were divided into two further groups, each con- 
taining both control and pregnant animals. The freeze stop technique was employed. 
The livers at one group were freeze-clamped 30 min after being injettud with 1.2 g of 
eth~il~o~~kg rat body weight. whereas the livers of the other were freez~-cl~~~~lped with- 
out any previous ethanol ~dnli~istr~~tio~~. The hr rirrrt activities of the alcohol and 
~~cet~ldell~d~ dehydrogerl~~s~ of the livers of this latter group were detcrjnined afta 
the liver was freeze-cl~nlped. 

In freeze-stop experiments the rats were ~~l?~~~stti~ti7~~~ with 50 mg:kg hod! \vcight 
of pcntobarbitai (Nembut:@) (40 mg;kkg bodl weight khan ethanol was used). iknti 
;1 part of the liver was clamped in sim with metal tongs precouled in liquid nitrogen. 
The frozen liver tissue was crushed to powder in a mortar and homogenized in 10 ml 
of 0*6 M ice-cold perchloric acid containin a 25 mM of thiourea to prevent the spon- 

taneous forill~tion of ~l~et~ldehyde from ethanoL8 After ~e~~trift~g~~tioll, the superna- 
tant was I~eLltr~li~ed with 2 M KZC0.3 to the pH value 7.4. 

Ethanol and ~~cet~~ldel~~de were assayed with a Perkin Elmer F 40 pas ch-ormto- 

graph and ~~pp~j~~tion of the head-space technique. The samples to be analysed were 
pipctted into serum bottles, sealed with a rubber stopper. and incubated for I5 min 
at 65 in a thermostatcd, samplin g turntable: following this. samples wcrc taken 
automatically by means of an electropneumatic dosing system. For ethanol deter- 
minations. t-butyi alcohol was used as an internal standard. In place of an internal 
standard, an acetatdchyde standard solution made of redistilled acetafdchydc from 
BDH chemicals. Poole, Dorset, England, was used in the acetaldchyde measure- 
ments. Lactate and pyruvatc were assayed enzymioally.” direct from the neutralized 
superil~lt~~nt of the Liver tissue. Enzymes und coenzymes were obtained from c‘. F. 
Boeilrillger. M~~~~~~~~~ii~~, GerIn~I~~. 

For the estim~tjon of ADH activity a lo”;, liver llornoge~l~te was prepared in icc- 
cold 0.11.5 M sucrose containing I ‘It) Triton X-IO0 (Rohm XK~ HXIS CO.. Pl~ili~d~lp~~i~~. 
Pa.. U.S.A.), hccause I I’?, Triton X-100 gives maxi& ADH activit! in Iiva. l~omo- 

genates.10 After ~entrifllg~tt~or~ of the h~~tnog~~~~~t~ for 60 min at I7,OOO 6~ (MSE High 
Speed I8 refrigerator centrifuge MK-2) ADH activity was estimated by the method 
of Bonnichsen and Brink’ ’ at pH 8.7 and 22 with a Beckmann DK I A recording 
spe~lropl~otom~ter. Activity is expressed in the i~tter~~~~tio~~~il units r~~o~ll~l~e~ld~~~ by 
the ~orn~nissi~~~l of Enzymes of I.U.B. (1961 )/g wet weight of the liver.’ ’ 

For the estirn~~tiot~ of ~~~ct~~ld~h~de d~hydroge~l~~se activity, a 1 O”,, liver homo- 
gtxute bvas prepared in ice-cold 0.25 M sucrose. The liver IloInoget~~~te was filterat 
through four layers of cheesecloth. and ~entr~fLlg~~ted for 10 min at 700 <j (MSE High 
Speed I8 refrigerator centrifuge Mk-2). After ~entrifug~~tion the cells of the superna- 
tant were broken by four successive handlings of30 see each in an MSE 100 W ultra- 
sonic disintegrator (amplitude 5 Jim). Acetaldehyde dehydrogenase activity was csti- 
mated in samples incubated at 22‘ by the method of Mar.janen ” (the incubation mix- 
ture contained 2.2 mM pyrazole, I.5 mM NAD ‘. and 41 mM ~~c~t~~~deh~~j~. witfl 
iO”,, ho~lo~~~~t~ buffered at pH 74 with 0.1 M KH,PO,--N:t,HPO,. _?bi,O-- total 
volumt of3075 ml with 50 111 of IO”,, I~(~~~I(~~~II~~~~) with ;I B~~kll?i~i~ll DK 1 A rccorci- 
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ing spectrophotometer. The activity is expressed in the international units/g wet 
weight of the liver. 

Figure 1 shows the ethanol and acetaldehyde contents of the peripheral Hood in 
pregnant and iron-pregnant rats after an intraper~toneal injection of 1.2 g of eth- 
anol/kg rat body weight. The ethanol contents of the peripheral blood were the same 
in magnitude, indicating that the capacity of the rat to eliminate ethanol it? viva does 
not change during pregnancy. The standard deviations of the ethanol contents in the 
peripheral blood were small in both animal groups. The acetaldehyde level of the 
peripheral blood was clearly higher in pregnant than in non-pregnant rats (analysis 
of variance: f = 5.26; P < @05, with 1 and 22 as degrees of freedom), even though 
the standard deviations in the acetaldehyde contents of the peripheral blood were 
large in both animal groups. 
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FIG;. I. Ethanol (a) and acetaidehyde (b) contents in the peripheral blood of non-pregnant (0) and preg- 
nant (a) rats at various times after an intraperitcmeal injection of 1.2 g ethanol/kg rat body weight. Results 

are means + SD. of I2 different rats. 

Table I illustrates the ethanol and acetaidehyde contents of the intact liver in preg- 
nant and nonpregnant rats 30 min after an intrap~ritonea~ ethanol injection, and the 
in ztitra activities of the liver alcohol and acetaldehyde dehydrogenase. The ethanol 
content of the livers were equal in magnitude in both pregnant and non-pregnant 
animals. The it? vitro activities of the liver alcohol and acetaldehyde dehydrogenase 
were likewise similar for both animal groups. 

Table 2 shows the contents of lactate and pyruvate and the lactate/pyruvate ratios 
in the intact livers of pregnant and non-pregnant rats with and without previous eth- 
anol administration. Both the lactate (P < 0025) and pyruvate (P < 0.01) contents 
were higher in the livers of pregnant rats than in those of non-pregnant animals when 
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TABLL 1. THY WN rt&\;lsot L~HAWL A~I) ACI;TALIX;H\IX IN THL: INTACI LIVI.K ok WNTKOL ANI) IJKI.(,NAN I 
RATS AFTER Ah’ INJEC’TION Of= ETHANOI.. AYU THE in dl?‘O ACTIVI f’lES OF THE LIWR ALCOHOL AN0 ACtlALUl:- 

HYDE I~EHYDROGLNAST: OE THt CON fTWL. A’VI) I’RkGKA17 ANIMALS* 

Alcohol Acetaldehydc 
Ethanol Acetaldehydc dehydrogenase dehvdrogenaso 

(@moles/g fresh (nmolesig fresh (unilsjg wet weight (units,:8 wet weight 
Group ii ver) liver) of liver) of liver) 

Control (IO) 21.6 & 3.3 (IO) 2460 i: 40.6 (8) I.250 & Of2 (8) 2,289 t_ 0% - 
Pregnant (7122.1 rt 1.8 (7) 229.0 i_ 36.1 (S) 1.229 + 0.14 (5) 2,330 + 0.48 

* The results are given as means k SD., with the number ofexpcrimcnts in parentheses. 

the livers were freeze-clamped without a prior injection of ethanol, but no signi~cant 
differences could be found in the L/P ratios in pregnant and non~pregnant rats. After 
ethanol administration the lactate and pyruvate contents as well as the L/P ratio 
were at the same level in pregIla~t and control animafs. 

TABLE 2. THE CONTLNTS OF LACTATE AW fvK1,VAw ANI) ~ffk I&‘~-ATC:P~ RI:VA?“C RATIOS IN WI: IS ZACI 

LIVER OF COUTROL AND PREGNANT RATS WITH AND WJTHTFIOL T A PRkVIOliS 1NJI:CTfON OF &TflAUOi.* 

* The results are given as means & S.D., with the number of experiments m porenthcsrs. 
+ P i 0.025 for difference between non-pregnant and pregnant rats. 
$ P i 0.01 for difference between non-pregnant and pregnant rats. 

The higher contents of both lactate and pyruvato in the livers of pregnant rats than 
in those of non-pregnant animals without a prior dose of ethanol suggests a high 
rate of glycolysis during pregnancy. However, the ~ytopIasmic redox slate of the liver 
was at the same level in non-pregila~it and pregnant animals both with and without 
previous ethanol administration. indicating that the metabolic events. induced bj- the 
change in the redox state of the liver, also take place in the livers of pregnant rats. 

The ethanol contents of the peripheraf blood were of equal amount in both preg- 
nant and non-pregnant animals. The rate of el~~llination of ethanol was determill~d 
by extrapolating the linear descending limb of the blood-alcohol curve to the time 
axis. The mean rate of elimination of ethanol was found to be almost identicat in 
both non-pregnant (260 mg ethanoI/hr/lOO g rat body weight) and pregnant (27.0 mg 
ethanol/hr/lOO g rat body weight) animals. This also means that the formation of ace- 
taidehyde during ethanoI oxidation was equal in both animal groups. Because the 
formation of acetaldehyde during ethanol oxidation was similar in magnitude in 
non-pregnant and pregnant rats. the higher acctaldchyde content in the peripheral 



blood of pregnant rats than in that of non”pregnant animals indicates that the capa- 
city of the entire rat body to elitninate acetaldehyd~ is diminished during pregnancy. 
A steroid sensitive aldehyde dehydrogen~se has been partially purified from the sol- 
uble fraction of rabbit liver’ 4 and found to be inhibited by numerous steroids such 
as progesterone, testosterone, corticosterone and estrone.i4 No differences could be 
found in the acetaldehyde content in the livers of pregnant and non-pregnant animals 
after ethanol administr~~tion in the present study. Therefore the steroid sensitive alde- 
hyde dehydrogenase described earherr cannot explain the high acetaldehyde con- 
tent in the peripheral blood of pregnant rats. 

The capacity of various tissues of the female rat to eliminate indole-3-acetafdehyde 
has been investigated. and the liver was found to be the main site of its oxidation.’ ’ 
It was calculated that the a~dehyde-oxidizing capacity of the liver alone is double 
that of kidney, heart, small intestine, gonads, adipose, uterus, lung, brain and adrenal 
taken together. l5 Among these tissues, the capacity of kidney and uterus together 
accounts for more than half of the total extrahepatic capacity-to eliminate indole-3- 
acetaldeh~de. Whether this finding is atso true iir riru> and for acetaldellyde oxidation 
after ethanol administration is not known. At any rate, the inhibition in the extrahep- 
atic oxidation of acetaldehyde appears to explain the high acetaldehyde content in 
the peripheral blood of pregnant rats after ethanol administration. Any difference in 
the mere physical evaporation of acetaldehyde during respiration could hardly in- 
duce such a big difference in the acetaldehyde content of the peripheral blood of 
pregnant and non-pregnant rats. 

It has previously been shown that the activity of the liver alcohol and acetaldehyde 
dehydrogenase is very low in both human and rat fetus.4.5 Detectable aldehyde-oxi- 
dizing capacity has also been found in kidney, adrenal and gastrointestinal tract of 
human fetus, even though 90 per cent of the fetal aldehyde-oxidizing capacity is 
located in the liver.” However, the aldehyde-oxidizing capacity of human fetal liver 
is only about one-tenth to one-fifth that of the adult liver.’ Thus the fetus is not able 
to eliminate acetaldehyde that comes in the maternal blood and is exposed to the 
metabolic influence of ethanol and acetaldehyde during maternal ethanol metabo- 
lism. Previously it has been shown that many aldehydes, in~ludillg a~etaldehyde, 
have symp~~tllornil~~ti~ effects prodlI~ing changes in blood pressure and heart rate.” 
Therefore it is quite possible that during maternal ethanol metabolism the fetus 
suffers some side-effects. 

Aiknc~~~(P~1g~-en~,}~f.s--This work was supported by a grant from the Finnish Foundation for Alcohol 
Studies. Helsinki. Finland. 
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