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I.UCCHI, L.. V. COVEI.LI, V. V. PE'I"K()V. P.-F. SPAN(') AND M. TRABUCCHI. E~li'+t~ +{l'etham,I..eiv(,n durin.t,, 
l, rc~,,nan( v. ,m the ,{tt?~'princ d,,pamincr,,ic s.v.~tcm. PHARMA(_'()I, BIf)(.'HEM BEHAV 19(4) 567-570. 1983.--The fetal 
alcohol syndrome is characterized by a number of abnormalities consisting of a pre- and post-natal growth deficiency. 
microcephaly, areas of abnormal nerve cell migration in the brain, mental and psychomotor retardation in children of 
alcoholic v, omen. These findings may be referred as a tcratogenic effect of ethanol on the central nervous system. In order 
to investigate the above ethanol-neurotoxic effect the striatal dopaminergic transmission was studied. The dopaminergic 
turnover "~,as measured b.v 3,4-dihydroxyphcnilacetic acid content and :+H-Spipcrone binding has been carried out to 
determine dopaminergic receptor alterations induced by chronic ethanol consumption during pregnancy. Our work 
demonstrates long-lasting modifications of dopaminergic neuromd function after exposure of the experimental animal to 
ethanol during fetal life. In particular, a decreased receptor function has been observed in rats exposed to ethanol only 
during the perinatal period. In the same group of rats. diminished receptor activity leads to an enhancement in D()PA(_" 
content still detectable after a long period from cessation of ethanol treatment. Ncurochemical data arc reinforced by 
behavioral obscrvatitms. In fact, a significant decrease of spontaneous Ioconmtor activity in the rats chronically treated 
,a. ith ethanol during fetal life was observed. ]n addition, the altered response of locomotor activity after drug administration 
may be ascribed to the modified dopaminergic function. With this experimental approach '.~,c assume that the action of 
ethanol on the central nervous system may be a marker of its tcratogenic effect. 

Fetal alcohol syndrome Behavior Rat brain Dopaminergic transmission 

I'H[:~ t e r a togen i chy  of  a lcohol  has been  d e m o n s t r a t e d  in 
h u m a n s  by clinical o b s e r v a t i o n s  and  behav iora l  s tudies  121, 
24, 29]. ()n the o the r  hand .  several  expe r imen ta l  s tudies  on 
animal  models  have  e x a m i n e d  the polent ia l  haza rds  for the 
fetus reduced by mate rna l  ingest ion of  a lcohol  dur ing preg- 
nancy  [I, 3 .9 ,  12, 15, 18, 19]. Moreove r ,  dur ing  lactat ion the 
pups  suckled  milk con ta in ing  e thanol  at the same concen t r a -  
t ion as that  of  materna l  b lood [14]. [ -xper imenta l  da ta  indi- 
cate  that  e thanol  moves  freely ac ross  the p lacenta l  ba r r ie r  
whe reas  a c e t a l d e h y d e  does  not [3.13]. In fact,  b iochemica l  
o b s e r v a t i o n s  show a direct  ac t ion  of  e thanol  on the deve lop-  
ing ner~,ous sys tem caus ing  an impa i rmen t  of e m b r y o n i c  cel- 
lular prol i fera t ion  [3]. In relat ion with these  o u t c o m e s ,  sev- 
eral s tudies  have  been d e m o n s t r a t e d  that e thanol  c o n s u m p -  
tion dur ing  p regnancy  affects  var ious  neu rochemica l  pa- 
r ame te r s  in offspr ing brain 14. 10, 20, 28]. 

The  purpose  of  our  work is to p rov ide  fu r ther  data  on Ihe 
long-las t ing a l te ra t ions  induced  by e thanol  admin i s t e r ed  dur- 
ing p regnancy  at neurona l  level,  in par t icuht r  on brain 
dopaminc rg ic  t r ansmiss ion .  In the light of  these  resul ts ,  it 
may be a s s u m e d  that cer ta in  neu rochemica l  and behav iora l  

even t s  arc possible  marke r s  of  the te ra togenic  effect of  
ethanol. 

MErH()D 

Pregnant Sprague Dav. ley rats were supplied from 
Charles Rivet'. Calco Italy. Rats ,.,,ere individual ly caged and 
e thanol  was admin i s t e red  as the ,only  avai lable  liquid in a 6 ~  
aqueous  solut ion (viv), using Richter  tubes .  The  40 pregnan t  
rats used were separa ted  in four  g roups  (10 an imals  per  
group) .  The  first g roup  rece ived  e thanol  from thc  fourth  day 
of  p regnancy  to deliver}' :  the pups were not t rea ted  with 
e thanol .  A n o t h e r  g roup  of dams  rece ived  the same solut ion 
from the fourth day of  p regnancy  to del ivery ,  and subse-  
qt .ent ly  for three  weeks  dur ing lactat ion.  A third group of  
dams  was not t rea ted  with e thanol  dur ing p regnancy  but 
e thanol  was admin i s t e red  to the mo the r s  dur ing lactat ion for 
th ree  weeks  af te r  birth.  The  body weight of  dams  from the 
g roups  rece iv ing  e thanol  r emained  u n a h e r e d  dur ing the 
t r ea tmen t  v. ith respect  to cont ro l  dams  receiving an 
equica lor ic  suc rose - so lu t ion  (230+_20, 235--_-_24. 238=18,  
229±20  g, respect ively) .  

'Requests for reprints should be addressed to l,aura l,ucchi, Via A. Del Sarto. 21. 20129 Milan. Italy. 
ella ('linica Neurologica, University of Bari. Bari. Italy. 
:qnstitute of Ph~,siolt)g). Bulgarian Academy of Sciences. Sofia. Bulgaria. 
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FIG. I. Rats locomotor activity (counts/30 rain) after exposure to 
ethanol during pregnancy (P). during pregnancy and 3 weeks ;trier 
birth (P+3). and 3 weeks after birth (ABI. The bars represent the 
±S.E.M. of 3 determinations each of ,,shich was carried out at the 
basis o f  5 animals which were individually tested. Statistical signifi- 
cance was calculated by one way A N O V A  fol lowed by the tv,.o- 
tailed Student's t-test. *p,:0.01 in relation to control values. 
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FIG. 2. Effect of  d-amphetamine (3 mglkg, IP) on the locomotor 
activity (countsl l5 rain) of  rats exposed to ethanol during fetal life 
(PI. during pregnancy plus 3 v, eeks after birth (P*3)  and onl~. after 
birth tAB). Each point represents the mean "-S.E.M. of  3 determi- 
nations run v. ith 5 animals v, hich were individually tested. ()no v,a) 
AN()VA was used For statistical significance then followed by the 
two-tailed Student's/-teM. *p<0.01 in respect It) controls. 

The daily intake of  liquid was measured and the quanti ty 
of  ethanol  consumed was in the range of  9 g kg ' per day for 
each dam belonged to the three ethanol groups.  No weight 
changes were  observed  in the treated offspring groups in 
respect  to control pups receiving equicaloric  sucrose.  

At eight weeks  of age the spontaneous  and drug induced 
locomotor  activities of  male rats in electronic  act ivi ty cages 
were  tested. Only the male rats from each t reatment  group <6 
animalsl  were included in the behavioral  studies. An elec- 
Ironic activity cage ( A N I M E X .  I+KB FARAD)  has been 
used. The A N I M E X  sensing unit consists  of  an oscil lator  
operat ing at a f requency of  1.2 MHz  and a resonance  circuit  
tuned to this f requency.  Each rat movement  providing a 
sigmtl large enough to exceed  the Schmitt- tr igger threshold 
( 10/.tA), produces  one count.  The total counts  der ived from 
the rat movemen t s  done have becn considered.  

After  adaptat ion to the cages,  (30 rain) the spontaneous  
act ivi t ies of  the rats were recorded every  15 minutes for a 
period of  two hours.  In order  to determine the locomotor  
act ivi ty response to drugs,  the first group of  rats were re- 
moved  from the cages and treated acutely with 
d-amphetamine  (3 mg/kg, IP) and the locomotor  activity was 
recorded again for one hour after drug administrat ion.  A 
second rat group was treated with haloperidol  (0.05 mg/kg 
IP) acutely after basal locomotor  activity recording. The 
durg-induced motility was recorded again for about two 
hours.  Each locomotor  act ivi ty determinat ion was carried 
out for the four rat groups with the same exper imental  
protocol. 

The offspring were killed by decapitat ion at the end of  the 
9th week of  age (63rd day). Brains were rapidly removed  and 
striata dissected as indicated by Glowinski  and lversen [ III. 
In order  to invest igate the biochemical  modificat ions,  we 
measured dopamine (DA) metabol ism in the striata der ived 
from control  and ethanol  treated rats. The striatal 3,4- 
d ihydroxyphenlyace t ic  acid (D()PAC) concentra t ion  was as- 

sayed according to the radioenzymatic  micromethod de- 
scribed by Argiolas ('t , / .  121. : 'H-Spiroperidol specific Bind- 
ing was curried out following the method of  Burr (,t , / .  161 
with minor modifications.  A tissue suspension correspond- 
ing to 200 ~,g/protein was put in each incubation tube con- 
taining various concent ra t ions  of  radioligand. Specific bind- 
ing was recast, red as the difference in binding obtained after 
incubation in presence or  absence of  10 '+ M haloperidol.  
:'H( - )-Sulpiride specific binding, as indicated by Spano ct al. 
[231. was determined in crude synaptic membrane  fractions 
corresponding to 15 mg of original tissue per incubation tube 
(400/.tg/protein). Stereospecif ic  binding was meast,red as the 
difference in binding obtained in presence or in absence of  
10- ~ M( ) sulpiride. K,~ and B,,:,, values are expressed ax nM 
and fmol/mg protein,  respect ively.  The protein content  ssas 
determined according to Lowry (,t a/. [16]. The statistical 
significance was calculated by one way A N ( ) V A  l\~llowed by 
S tuden t ' s / - t e s t .  

R t S U I . I S  

Results on rut spontaneous  locomotor  activity are sum- 
marized in Fig. I showing a significant decrease  in the basal 
locomotor  activity only in rats which had received ethanol 
during fetal life. 

In an at tempt to understand the neuronal mechanism in- 
ducing the decrease  in locomotor  activity,  each group of  rats 
was treated with d-amphetamine.  In Fig. 2 it ix shown that 
d-amphetamine  increased locomotor  activity by 140c4 in con- 
trols. 85G~ in prenatal period. 87% ~ in prenatal period plus 3 
weeks  after birth and 15r/r in after birth. 

()n the o ther  hand. haloperidol (Fig. 3) induced a more 
pronounced decrease  in locomotor  activity in the prenatal 
period and the prenatal period plus 3 weeks groups (9()'?~). 
while the effect in the after birth group is not significantly 
different f r om that of  cont ro ls .  

In order  to investigate the biochemical  basis of  these Be- 
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STRIAI'AI. DOPAC I.EV|-I S (ngmg IlSSU|".) IN RA'IS EXPOSED T() 
ETHANOL DURING PREGNANCY. I)URING PREGNAN('Y AND 
IHREE WEt-KS AF'I'ER BIRTH. AN[)'IHREI- WEEKS AFTER BIRIH 

ng.rng "lixsue Percent 

C o n t r o l  1 . 9 2  • 0 . 0 2  - -  

P r c g n , a n c ' ,  2 . 9 3  • 0.09:- :  • 52  

Pregnanc~ - 3 v, cck', 3 . 0 1  : O. I  ~: ~56 
At'for birth (3 weeks) 2.09 ~ 0.03 - 9 

Each vulue ix the mean - N.t'-.M. ot'thr'ec experiment', in which 4 
animul', pet g r o u p  ,a,  c l e  t l , , c d ,  

:~:()nc v. uy AN()VA indicuted a ,,ignific~mt effect for the l,lctor o|" 
lrc~tmcnl group. Post ht')c cc, mpuri,,tm w~,, made using the tv,,o 
tailed Sludentx t - t e , , t .  

*p. 0.05 in r'espcct with conlrt~l ',~tluc. 

haviora l  r e sponses .  ,,~e measu red  I)A me tabo l i sm in the 
s t r ia ta  of  rats rece iv ing  e thanol .  Table  I d e m o n s t r a t e s  that  an 
impa i rmen t  of  dopaminc rg i c  act ivi ty  only occu r s  af ter  expo-  
sure  to e thanol  dur ing  the fetal period.  In fact.  the I)()PA(" 
levels ,  v`hich arc a marke r  of DA tu rnove r ,  are increased  in 
re la t ion It) the values  of  the cont ro l  g roup  and to an imals  
receiving e thanol  only  dur ing  lacta t ion.  Fu r t he r  research  v`as 
deve loped  on the  m e c h a n i s m s  invo lved  in dopaminerg ic  
t r ansmis s ion  by s tudy ing  d o p a m i n e  r ecep to r  func t ion  by 
mean.,, of  var ious  radio l igands ,  such as :~H-Spirt)peridol and 
:~H( )Sulpiride.  The  resul ts  repor ted  in Fig. 4 show that  
r ecep to r  impa i rmen t  caused  by e thanol  only deve lops  dur ing  
the fetal period.  In par t icular .  S c a t c h a r d ' s  analys is  demon-  
s t r a i t s  a dec rea sed  r ecep to r  popula t ion  of  the binding sites 
cha rac t e r i zed  by :~H-gpiroperidol. In addi t ion ,  the 
dopamincrg ic  recogni t ion  sites, labelled by :q ' t ( - )  Sulpir ide.  
seem to be modif ied by e thanol  exposure .  In fact.  the B ...... 
values  decre ; tsed in rats  exposed  to e thanol  in prenata l  
per iod,  whereas  the K,~ values increased  in the case  o f  high 
affinity and dec rea sed  for the It)v, affinity c o m p o n e n t s  only  
af te r  t r ea tmen t  dttr ing the first th ree  v`ecks of  age. 

I)IS( t'SSlON 

The consumption of alcohol by pregnant mothers is 
known to impair fetal development. The molecular mech- 
anisms by v` hich alcohol causes fetal dysmorphogenesis are 
not yet unde r s tood .  ( )ne  of  the c o n s e q u e n t  pa thologica l  
cond i t ions  is the Fetal Alcohol  S y n d r o m e  v`hich is dis t inct  
f rom o the r  genet ic  or  nutr i t ional ly  related fetal defec t s ,  as 
d e m o n s t r a t e d  in animal  s tudies  171. In fact.  v`c have  shown  
that  the d e r a n g e m e n t  of  dopamine rg i c  t r ansmiss ion  in rats  is 
still ev ident  ~,~hen the food intake is normal .  

Our  resul ts  c lear ly re inforce  the hypo thes i s  that  e thanol  
has  l e ra togenic  effects  dttr ing the d e v e l o p m e n t  of  the cent ra l  
ne rvous  sys tem.  Prev ious  s tudies  on the o rganogenes i s  c , f  

the cent ra l  ne rvous  sys tem [8.221 lead us to the conc lus ion  
that  e thanol  exer t s  its toxic ac t ion on brain dopamine rg ic  
neu rons  dur ing this time. For  example ,  the rat e m b r y o s  ex- 
posed  to e thanol  dur ing  o rganogens i s  have  shown  re tarda-  
t ion of  g rowth  in vitro [5] and bch;.tvioral impa i rmen t  [17]. 

The  dec rea sed  s p o n t a n e o u s  l ocomoto r  act ivi ty  in the rats  
and the a h e r c d  r e sponse  a f te r  drug admin i s t r a t i on  may be 
co r re la t ed  with the b iochemica l  o b s e r v a t i o n s  on  the mod- 
ified dopaminc rg ic  f tmcti tm. In par t icular ,  the effect of  the 
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FIG. 3. ]'ffccl of hah)pcridol 10.05 mg/kg. IP) on the ]t)comolor 
activity, (counts/15 rain) of rzttx exposed to ethanol dttring pregnancy 
(P). during pr'cgn:mc), plus 3 vceeks after birth (P+3) and after birth 
( A FI 1. I-~ach point rcprcxents the mean '- S. I .  M. of 3 determination,, 
run ,,,, ith 5 animalx v, hich v, erc individually tested. Statistical xignifi- 
canoe u,a~, performed by ,)no way AN()VA followed by the l~,'o- 
t,ulc,.t Studcnt'x/-text. : 'p.  O.0l in respect to controlx. 
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FI(L 4. Scatchard anal3, xis of (,1 'H-Spiropcridol and (b) :q- t l - I  
Sulpiridc specific bindingx in striatal membranes obtained from con- 
trol rats IO--O) and ethanol exposed rats during pregnancy (/.--._".L 
during pregnant,, and three weeks after birlh ( ; - -  ,) or three weeks 
after birlh IA--_A). Pointx :ire the mean-' S.I':.M of three experi- 
ments run in triplicate in v.hich 5 ,mimalx per group wcrc used. 

inc reased  release of  dop. 'unine induced by d - a m p h e t a m i n e  
de tec ted  in cont ro l  rats.  is tower  in rats  t rea ted  dur ing |Z~tal 
life with e thanol ,  sugges t ing  that e thanol  may reduce  the 
avai labi l i ty  of  specific r ecep to r  prote ins .  The  same  conclu-  
s ions  may also bc r eached  in the case  of  haloper idol .  It has  
been  s h o w n  that  when  the n u m b e r  o f d o p a m i n c r g i c  recep tors  
is r educed .  Iov, doses  of  ha loper idol  are sufficient  to block 
l ocomoto r  act ivi ty.  

The  changes  of  r ecep to r  funct ion  af ter  e thanol  c o n s u m p -  
tion may bc due to a d e r a n g e m e n t  in the b iosyn thes i s  of  the 
recep tors .  E thanol  admin i s t r a t ion  in the pos t -na ta l  period 
induces  an a l te ra t ion  in the aMni ty  of  the dopaminc rg ic  re- 
cep to r  recogni t ion  si tes,  label led by :~H(- )Sulpiride,  which  
may he duc  to a modif ica t ion  in r ecep to r  prote in  conforma-  
l ion. Var ious  s tudies  have  led to the conc lus ion  that  e thanol  
interferes with the genetic code t ranscr ip t ion and protein syn- 
thes is  125. 26. 271. Recep to r  units  might bc impai red  and /o r  
modif ied in the i r  o~,~,n prote in  s t ruc ture .  The  dec reased  re- 
cep to r  ac t iv i ty  leads to an increase  in I ) ( )PAC con ten t  that is 
still de tec tab le  a f te r  a long per iod from t r e a t m e n t  su spens ion  
as a c o m p e n s a t o r y  r e sponse  It) the loss of  r ecep to r  funct ion.  
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