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Prenatal Stress: Effect on Development 
of Rat Brain Serotonergic Neurons 
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PETERS, D. A. V. Premmd stre.~s: L'[/bct on development of  rat brain serotonerg, ic neurons. PHARMACOL BIOCHEM 
BEHAV 24(5t 1377-1382, 1986.--Maternal low-level stress was found to produce persistent changes in serotonin (5-HT) 
receptor binding in several brain regions of the offspring. [:q-t]5-HT binding was increased in cerebral cortex, decreased in 
hippocampus and unchanged in pons medulla while [:~H]spiperone binding was increased in all three regions at 60 days of 
age. The binding changes appeared to be due to altered numbers of binding sites with no change in dissociation constants. 
Regional differences were also found when the ability of nerve terminals to synthesize ['4C]5-HT from L-[HC]tryptophan 
was studied. Prenatal stress reduced the rate of [t4C]5-HT synthesis in hippocampus but not in cortex or pons medulla. 
When younger offspring were studied, binding of [:~H]5-HT to cerebrocortical membranes was found to be reduced at 16 
days of age and increased at 40 days while [:~H]spiperone showed only an increased binding at 40 days. In contrast, prenatal 
stress resulted in increased nighttime locomotor activity whether measured at 23, 40 or 60 days of age. The present study 
provides additional evidence that prenatal stress affects the development of serotonergic neurons and it is possible that 
such changes may underlie the reported behavioural deficits in offspring of stressed female rats. 
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Tryptophan hydroxylation 

M A N Y  inves t iga to rs  have  r epo r t ed  tha t  if p r egnan t  ra ts  are 
sub jec ted  to r epea ted  s t ress  t r e a t m e n t s ,  the  b e h a v i o u r  of  the  
offspr ing is adve r se ly  af fec ted .  For  example ,  p rena ta l  s t ress  
has  been  s h o w n  to a l te r  some  but  not  all sexual  b e h a v i o u r s  in 
male  offspr ing [14, 15, 28, 29]. Severa l  au tho r s  have  also 
p rov ided  ev idence  that  " e m o t i o n a l i t y ' "  may be af fec ted  by  
prena ta l  s t ress  [1, 2, 14, 27] a l though  this conc lus ion  has  
been  cha l l enged  [4]. O t h e r  inves t iga to rs  have  looked for  evi- 
d e n c e  of  under ly ing  b iochemica l  abnormal i t i e s  and  the re  are 
repor t s  of  changes  in b ra in  biogenic  amine  levels  fol lowing 
prena ta l  s t ress  [16, 19, 22]. 

We have  recen t ly  r epor t ed  [19] tha t  low level p rena ta l  
s t ress  a l ters  the brain  levels  of  s e ro ton in  (5 -hydroxy t ryp ta -  
mine ,  5-HT) and  its ma jo r  metabo l i t e  5 -hyd roxy indo leace t i c  
acid (5 -HIAA) .  The  5-HT and/or  5 - H I A A  levels  in ce rebra l  
cor tex  and  pons  medul la  were  s ignif icant ly  inc reased  at 16 
days  but  u n c h a n g e d  at 23 and  60 days  of  age. In con t ras t ,  the  
h y p o t h a l a m u s  s h o w e d  a r educed  5-HT level at  16 days  and  
an  inc reased  5-HT level at 60 days  of  age which  sugges ted  
tha t  there  may  have  been  a long- las t ing change  in func t ion ing  
of  cent ra l  5 -HT neurons .  

The  inc reased  5 -hydroxy indo le  levels in cerebra l  cor tex  
and pons  medul la  at 16 days  are cons i s t en t  with  an inc reased  
syn thes i s  and  re lease  of  5-HT. It was the re fo re  of  in teres t  to 
d e t e r m i n e  w h e t h e r  the r e tu rn  of  5 -hydroxy indo le  levels  
t owards  cont ro l  va lues  in o lder  an ima l s  was due  to a loss of  
this  appa ren t  se ro tonerg ic  hype rac t iv i ty  or  w h e t h e r  an in- 
c reased  ac t iv i ty  was ma in t a ined  by  a different  m e c h a n i s m  
such  as by a change  in r ecep to r  sens i t iv i ty .  We the re fo re  

e x a m i n e d  the  effect  of  p rena ta l  s t ress  on two popula t ions  of  
se ro tonerg ic  b inding sites in rats  of  several  ages.  

The  abil i ty of  bra in  suc rose  h o m o g e n a t e s  to syn thes ize  
5-HT f rom L - t r y p t o p h a n  has  been  used as a measu re  of  the  
b io syn the t i c  capac i ty  of  se ro tonerg ic  ne rve  t e rmina l s  [12]. 
The  c o n v e r s i o n  rate  in a s y n a p t o s o m e - c o n t a i n i n g  f rac t ion  
appear s  to re la te  to the  e n z y m e  act iv i ty  in ne rve  endings  
r a the r  than  to the total  t r y p t o p h a n  hyd roxy la se  con t en t  al- 
t hough  the  ra te  may  also be inf luenced  by o the r  fac tors  such  
as a change  in the high affinity up take  o f t r y p t o p h a n  [ 12]. We 
used this a s say  to de t e rmine  w h e t h e r  the pos t synap t i c  recep-  
tor  changes  were a s soc ia ted  with changes  in the  p re synap t i c  
n e u r o t r a n s m i t t e r  syn the t i c  sys tem.  

A fu r the r  s tudy  inves t iga ted  the  effects  of  p rena ta l  s t ress  
on the  diurnal  pa t t e rn  of  l o c o m o t o r  act ivi ty .  Al te ra t ions  in 
the funct ional  ac t iv i ty  of  cen t ra l  5 -HT neu rons  affect  a wide 
range of  behav ioura l  p roces se s  including gross  l ocomoto r  
act ivi ty  and  we a t t e m p t e d  to use  this  measu re  as a be- 
havioura l  cor re la te  of  a l te red  bra in  func t ion .  

METHOD 

Animals  

For ty-e igh t  female  Sprague -Dawley  rats  ( 150-170 g) were  
housed  in g roups  of  3 dur ing  a 1 week  acc l imat iza t ion  per iod  
at the  end  of  which  an adult  male rat  (280-300 g) was p laced 
in each  cage. Af te r  4 days ,  the  males  were  r e m o v e d  and  the  
cages  r a n d o m l y  ass igned  to e i the r  cont ro l  or  s t ress  groups .  
Rats  ass igned  to the s t ress  group were  given once  daily 
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T A B L E  1 

EFFECT OF MATERNAL STRESS ON RADIOLIGAND BINDING IN 60 DAY-OLD MALE OFFSPRING 

(:~H)5-HT Binding (~H)Spiperone Binding 

Cortex Pons-medulla Hippocampus Cortex Pons-medulla Hippocampus 

KD 
(nM) 

Bmax 
(fmoles/mg 
protein) 

Control 3.6 ± 0.5 3.3 ± 0.3 3.4 + 0.4 0.96 ± 0.11 1.13 ± 0.26 1.20 _+ 0.30 
Stress 3.7 ± 0.3 3.2 _+ 0.7 3.4 ± 0.5 0.98 ± 0.24 1.13 + 0.31 1.16 ± 0.20 

(102) (97) (100) (102) (100) (97) 

Control 182 ± 13 78 ÷ 6 237 ± 15 440 _+ 71 125 _+ 12 176 ± 19 
Stress 226 ± 11" 82 ± 12 186 _+ 15" 650 ± 50* 177 ± 15" 200 + 19 

(124) (104) (78) (148) (142) (114) 

*Denotes p<0.05 when compared to control value by t-test. The figures in parentheses are percent of control. The results are 
mean _+ S.E.M. for 5 estimations by Scatchard plot. Tissues from 5 control rats and 5 prenatally stressed rats from a total of 10 
different litters were used for each of the two assays. 

stress t rea tments  f rom day 1 of  separat ion from the males 
until birth o f  their  litters appeared to be imminent .  The stress 
t rea tment  consis ted of  once daily removal  of  the cages to a 
nearby laboratory  where  the females rece ived  a single saline 
injection (0.1 ml SC) before being re turned to the animal 
quarters  [19]. Control  rats were  left undisturbed throughout  
p regnancy  except  for routine animal care. All females were  
t ransferred to individual breeding cages after the final treat- 
ment  period. F rom a total of  48 females  mated,  20 control  
litters and 16 stress litters with 10 or  more pups were ob- 
tained. Within 12 hr of  birth, the litters were quickly weighed 
and culled to 10 pups to a litter. At 16 days of  age 1 male and 
1 female pup were  r emoved  from each litter for the biochem- 
ical studies. The remaining animals were weaned at 23 days 
and separated by sex and t rea tment  group. At 23 days of  age 
5 control and 5 stress groups o f  3 male rats each were 
selected from all available litters and assigned to the be- 
havioural  studies. Fur ther  groups of  6 male and 6 female rats 
se lected f rom the max imum number  of  different litters were  
used for the biochemical  studies at 16, 23 and 40 days of  age 
and the remaining animals were  studied at 60 days. 

The rats were  killed by decapi ta t ion,  the brains quickly 
r emoved ,  rinsed with ice-cold saline and dissected on a 
cooled glass plate. For  most  assays the cerebral  cor tex,  hip- 
pocampus  and pons medulla were  separated,  weighed and 
f rozen in liquid nitrogen prior to storage at -80°C.  The re- 
maining brains were  divided into cerebel lum,  corpus 
str iatum, cor tex,  h ippocampus ,  ports medulla,  spinal cord 
and a remainder  and used immedia te ly  for the t ryptophan 
hydroxyla t ion  assay. 

An additional 16 female rats were  mated and divided 
equally into control and stress groups.  The stress group was 
given stress t reatments  on days 1-19 after removal  of  the 
males and rats were  killed by decapi tat ion 15 rain after the 
final injection. The pregnant  control  rats were  killed in two 
groups of  4 within 1 min of  removal  from the breeding facility 
on the same day. A blood sample was col lected from each rat 
in heparinized tubes and plasma samples obtained by cen- 
trifugation. The plasma was stored at 80°C for later 
analysis of  cor t icos terone  by a f luorometr ic  method  [7]. 

Receptor Binding Assays 

The brain tissues were  homogenized  in 40 volumes  of  
ice-cold tris-HC1 buffer (50 mM, pH 7.4) using a Brmkman 
Polytron.  The homogena te  was centr ifuged at 35,000×g for 

20 min and the pellet washed once in the same volume of 
buffer. The pellet was then resuspended in 40 volumes of  
fresh buffer and incubated at 37°C for 10 min to remove  
endogenous  5-HT [17] before a further  centrifugation. The 
final pellet was suspended in 80 volumes  of  tris-HC1 buffer 
(50 mM, pH 7.4) containing ascorbic  acid (5.7 mM) and 
CaCl~ (4 mM). This preparat ion was used for both binding 
assays. The protein concentra t ion of  the tissue suspension 
was determined by the Lowry  method [13]. 

[:~H]5-Hydroxytryptamine ( 1%20 Ci/mmol) and 
[:~H]spiperone (20-30 Ci/mmol) were  purchased from Amer-  
sham Corporat ion and stored at -20°C.  High affinity 
[:~H]5-HT binding was assayed by the method of  Nelson et 
a/. [17]. For  the determinat ion of  dissociat lon constants ,  7-9 
concent ra t ions  of  [:~H]5-HT (0.4-8 nM) were used while 
o ther  assays involved a single l iTmd concentra t ion of  2.0 nM 
[:~H]5-HT. Unlabelled 5-HT (1 tzM) was used to define non- 
specific binding. Aliquots (1 ml) of  the tissue suspension 
were  added to glass tubes containing [:~H]5-HT (0.05 ml) and 
either an aqueous  solution of  unlabelled ligand or  water  (0.05 
ml). The tubes were incubated at 37°C for I0 min in triplicate 
and rapidly filtered through Whatman GF/B filters under 
vacuum.  The tubes and filters were  rinsed twice with ice- 
cold tris buffer (50 mM, pH 7.4) and radioactivi ty on the 
filters was assayed by placing the filters in I0 ml PCS (Amer-  
sham Corporat ion)  and counting in a Beckman LS 8100 liq- 
uid scintillation spect rometer .  Specific binding was deter- 
mined as the difference in readings from samples incubated 
in the presence  and absence of  unlabelled ligand. 

[:~H]Spiperone binding was assayed using the method of  
Creese  and Snyder  [6]. From 8-10 concentra t ions  of  the 
trit iated ligand in the range of  0.02-4 nM were used to de- 
termine dissociat ion constants  while a single concentra t ion 
of  0.5 nM was used for the remaining assays. The binding 
method used was similar to that descr ibed for [:~H]5-HT bind- 
ing except  that 0.2 ml of  the tissue suspension in a total 
volume of 1.0 ml was used for the incubation mixture.  
Cinanserine (1 p.M) was used to define non-specific binding. 

Values for the number  of  binding sites (Bmax) and the 
apparent  dissociat ion constant  (K.)  were determined for 
each individual t issue from Scatchard plots [231. 

In Vitro 5-HI Synthesis 

Knapp eta/. [ 12] have suggested that the regional distri- 
bution of  soluble and synaptosomal  t ryptophan hydroxylase  
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FIG. 1. Effect of prenatal stress on [:~HI5-HT binding in cerebral 
cortex. *Denotes p <0.05 when compared to control values by t-test. 
The binding assay was carried out using a 2 nM concentration of 
[:~H]5-HT. A 1 #M concentration of unlabelled 5-HT was added to a 
duplicate set of tubes to define non-specific binding. The data pre- 
sented is the mean±S.E.M, for 6 determinations each done in tripli- 
cate. The animals consisted of 12 male-female pairs taken from 6 
control and 6 experimental litters. 
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FIG. 2. Effect of prenatal stress on [:~H]spiperone binding in cerebral 
cortex. *Denotesp<0.05 when compared to control values by t-test. 
The binding assay was carried out using a 0.5 p~M concentration of 
[3H]spiperone. A I /xM concentration of cinanserine was added to a 
duplicate set of tubes to define non-specific binding. The data pre- 
sented is the mean+S.E.M, for 6 determinations each done in tripli- 
cate. The animals consisted of 12 male-female pairs taken from 6 
control and 6 experimental litters. 

i n r a t  brain corresponds  to regions containing serotonergic  
cell bodies and nerve  endings respect ively .  Thus,  the con- 
vers ion of  L-[ '4C]tryptophan to [~4C]5-HT in a preparat ion 
containing intact synaptosomes  in the absence  of  added 
cofactors  or exogenous  decarboxylase  may be a useful 
measure  of  the ability of  serotonergic  nerve  endings to syn- 
thesize 5-HT. In our  study fresh brain tissue was 
homogenized  in 25 volumes  of  ice-cold 0.32 M sucrose,  a 
1000xg precipi tate was discarded and the supernatant  cen- 
trifuged at 40,000xg for 20 min. The pellet was resuspended 
in the original vo lume of  fresh 0.32 M sucrose.  For  the meas- 
urement  of  the synaptosomal  convers ion  of  L- t ryptophan to 
5-HT the incubation mixture  consis ted of  40 p.mol tris- 
acetate  buffer pH 8.1, 7 nmol L- t ryptophan containing 0.1 
/~Ci L-[methylene-HC] t ryptophan (Amersham,  56 
mCi/mmol)  and 200 pA tissue preparat ion in a final vo lume of  
700 tzl. Blanks contained heat- inact ivated tissue homogena te  
in place of  the enzyme-conta in ing  preparation.  After  incuba- 
tion at 37°C for 30 min the [~4C]5-HT formed was separated 
on a CG-50 ion-exchange co lumn as previously descr ibed 
[20] and counted in a Beckman LS 8100 ligand scintillation 
system after addition of  ACS (Amersham).  

Locomotor  A('tivitv 

L o c o m o t o r  act ivi ty was moni tored  cont inuously over  23 
hr periods using an equipment  which de tec ted  movemen t  of  
the rats by measuring changes in capaci tance be tween  metal  
plates placed above  and below the rat cages [2 l]. The activ- 
ity was recorded as the number  of  seconds in each consecu-  
tive hour during which movemen t  above a threshold level 
was detected.  In this exper iment  the threshold level was set 
so that only large movemen t s  such as rearing and locomot ion  
were  recorded as activity.  

R E S U L T S  

Pregnant rats killed 15 min after the final stress t rea tment  

on or about  day 19 of  gestation showed a significantly higher 
plasma cor t icos terone  level than uninjected pregnant  control 
rats killed at the same t ime (stress group 126 + 13 p~g/100 ml, 
n=7 ;  control  group 29-+4 p,g/100 ml, N = 6 : p < 0 . 0 0 1 ) .  Values 
for 1 stress and 2 control females which were found not to be 
pregnant were omit ted from the calculation.  

Maternal  stress had no significant effect on litter size, 
birth weight or body and brain weights at 16, 23, 40 and 60 
days of  age. 

The binding of  [:~H]5-HT and [:~H]spiperone to brain 
membrane  preparat ions from 60 day old male offspring of  
control  and stressed rats was analyzed using Scatchard plots 
(Table 1). Prenatal stress did not significantly alter the Kp for 
ei ther  [:~H]5-HT or [:~H]spiperone binding in any of  the brain 
regions studied. Howeve r ,  an analysis of  var iance on the 
[:~H]spiperone binding data showed a significant main treat- 
ment  effect for the Bmax values,  F(1,24)=9.48, p<0 .01 .  In 
contrast ,  the [:~H]5-HT binding data showed no main treat- 
ment  effect,  but a significant t rea tment  x region interaction,  
F(2 ,24)-7 .42 ,  p<0.005 .  Fur ther  analysis of  the data using 
t-tests revealed significantly increased binding in cerebral 
cor tex  and decreased binding in hippocampus.  

For  the second exper iment ,  cerebral cort ices  from 16, 23, 
40 and 60 day old offspr ing were  examined for [:~H]ligand 
binding (Figs. 1 and 2). A 3-way analysis of  var iance on the 
[:~H]5-HT binding data showed significant t reatment ,  
F( 1,80)-  1.25, p<0.005 ,  and age, F(3 ,80)-  20.8, p <0.005,  ef- 
fects.  Fur ther  analysis indicated a reduction in binding at 16 
days of  age, F( 1,20)=4.45, p<0 .05 ,  and significant increases 
in binding at 40 days,  F(1,20)=7.27, p<0 .05 ,  and 60 days,  
F(1 ,20)-12 .4 ,  p<0.005.  The effect of  prenatal stress on 
[:~H]spiperone binding in cerebral  cor tex was similar with 
significant increases in binding at 40 days,  F(1 ,20)-8 .54,  
p<0 .05 ,  and 60 days,  F(1,20)=5.81,  p<0 .05 ,  but no treat- 
ment effects at e i ther  16 or  23 days of  age. 

Table 2 shows the effect of  prenatal stress on t ryptophan 
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T A B L E  2 

EFFECT OF PRENATAL STRESS ON THE CONVERSION OF 
L-(~4C)TRYPTOPHAN TO (~4C)5-HT IN TISSUE HOMOGENATES 

Tryptophan hydroxylation (nmol/g/hr) 

Prenatal Difference 
Control Stress (%) 

Cerebellum 0.249 _+ 0.014 0.216 _+ 0.023 -13 
Cortex 0.68 _+ 0.08 0.74 _+ 0.03 +9 
Hippocampus 1.31 _+ 0.07 1.05 _+ 0.07* 20 
Pons-medulla 1.14 _+ 0.06 1.12 _+ 0.04 - 2  
Spinal cord 0.48 _+ 0.05 0.52 _+ 0.10 +8 
Striatum 1.68 + 0.09 1.65 + 0.13 - 2  

Results are mean _+ S.E.M. for groups of 6 male rats, 60 days of 
age. 

*Denotes p<0.05 when compared to the control value by t-test. 

hydroxyla t ion  in several  brain regions of  60 day old rats. 
Prenatal  stress had little effect  on the rate of  synthesis  of  
[~4C]5-HT in sucrose homogenates  and only the hippocam- 
pus showed ev idence  of  an impaired ability of  nerve  termi- 
nals to synthesize  5-HT. 

The effect of  maternal  stress on locomotor  act ivi ty in 
male rats is summarized in Table 3. When tested by 
A N O V A ,  nightt ime act ivi ty showed a significant main 
t rea tment  effect (p<0.01) whereas  dayt ime act ivi ty showed 
nei ther  a main t rea tment  effect  nor a t reatment  × age in- 
teract ion.  The apparent  effect of  age on locomotor  act ivi ty 
was,  at least in part,  an artifact due to the increasing body 
weight with age; in older animals more movements  register on 
the act ivi ty  counters .  

DISCUSSION 

Blood levels of  hormones  such as cor t icos terone ,  
prolactin and growth hormone  are highly responsive  to 
stress.  For  example ,  mere ly  handling rats for 6 sec has been 
shown to drastically e levate  blood cor t icos terone  and 
prolactin and decrease  growth hormone  levels within 15 min 
[25]. H o w e v e r ,  in a pilot study we found that handling alone 
was insufficient to consis tent ly e levate  blood cor t icos terone  
level  after 14 days o f  daily t reatments  whereas  handling 
combined  with a saline injection e levated blood cort icoste-  
tone  levels  at least 3-fold even  after 20 once daily t rea tments  
(Peters and Tang,  unpublished).  We now report  a similar 
e levat ion in pregnant  female rats after 19 days confirming 
that the selected t rea tment  was sufficient to repeatedly  elicit 
a typical stress response.  As expec ted  [3], the plasma corti- 
cos te rone  levels  in control  pregnant  females were  somewha t  
higher than usually repor ted  for non-pregnant  rats. 

Several  different trit iated ligands have been used to iden- 
tify 5-HT binding sites. T w o  different populat ions are widely 
recognized,  the 5-HT~ sites labelled by [:~H]5-HT and the 
5-HTz sites labelled by the neurolept ic  [3H]spiperone. Evi-  
dence  that the high affinity [3H]5-HT and [3H]spiperone bind- 
ing can be increased or  decreased  by appropriate  t rea tments  
[18,26] suggests that these sites probably represent  func- 
tional receptors  associated with 5-HT neurons.  Avai lable  
ev idence  suggests that the [:~H]5-HT binding sites have a 
pos tsynapt ic  location.  For  example ,  both e lectrolyt ic  raphe 
lesions [24] and intracerebral  injection of  5,7- 

T A B L E  3 

EFFECT OF PRENATAL STRESS ON LOCOMOTOR ACTIVITY IN 
MALE RATS 

Age (days) 

23 40 60 

Night Control 147 _+ 9 276 + 14 412 + 38 
(1800-0600 hr) Stress 205 _+ 22* 316 + 20 526 + 39* 

Difference +39 + 14 +28 
(%) 

Day Control 71 + 13 138 _+ 9 154 + 12 
(0600-1800hr) Stress 88_+ 13 117 _+ 14 158 + 16 

Difference +24 - 15 +2 
('~) 

Results are given as the mean _+ S.E.M. for the average number 
of seconds in each hour during which activity was recorded. Each 
cage contained 3 rats from the same litter and the experiment was 
repeated 5 times using rats from different litters. 

*Denotes p<0.05 when compared to control rats by t-test. 

dihydroxyt ryp tamine  [17] increase the density of  [:~H]5-HT 
binding sites while kainic acid lesions of  postsynapt ic  
neurons have the opposi te  effect [5]. The sites labelled by 
[:~H]spiperone are also presumably located postsynaptical ly 
since destruct ion of  5-HT containing neurons does not de- 
crease  the [:~H]spiperone binding [9,24]. 

We previously  observed  that prenatal  stress reduced cor- 
tical 5-hydroxyindole  levels in 16 day old rats but had no 
apparent  effect at later ages [19]. The present  studies show 
that in the same tissue prenatal stress reduced [:~H]5-HT 
binding at 16 days and increased both [:~H]5-HT and 
]:~H]spiperone binding at 40 and 60 days of  age. However ,  the 
finding of  increased nighttime locomotor  activity at 23, 40 
and 60 days of  age suggests that at least some behavioural  
changes resulting from prenatal stress exposure  are inde- 
pendent  of  the age of  testing in the post weaning period. A 
possible interpretat ion of  these data is that prenatal stress 
may result  in a functional hyperact ivi ty  of serotonergic  
neurons commenc ing  at about 16 days of  age. Initially, in- 
creased synthesis and release of  5-HT may be involved while 
in older  animals an increased number  of  5-HT receptors  may 
mediate  the hyperact ivi ty .  

Some postsynapt ic  receptors  appear  to develop inde- 
pendent ly  of  the presynapt ic  neurons [ 11]. Our finding of a 
decreased [:;H]5-HT binding in cerebral  cor tex at 16 days of  
age therefore  suggests an al ternat ive explanation for our  
biochemical  data; that the initial effect  is a reduction in the 
number  of  target cells for 5-HT neurons.  It is possible that 
when the 5-HT synapses became functional in the neonatal  
period there is an increased synthesis  and release of  neuro- 
t ransmit ter  as a short- term compensa t ion  for reduced recep- 
tor numbers .  This might then be fol lowed by an increased 
formation of  postsynapt ic  receptors  as the longer term com- 
pensatory process.  The failure to demonst ra te  any apparent  
change in the ability of  brain homogenates  to synthesize 
[14C]5-HT from L-[~4C]tryptophan is consistent  with the view 
that in cerebral  cor tex any functional change in adult animals 
is more likely to be mediated by al tered receptor  sensitivity 
than by changes in presynaptic  neurot ransmit ter  synthesis 
and release.  

The  effect of  prenatal stress on hippocampal  5-HT 
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neurons  differed in that  (a) there  was no ev idence  of  a tran- 
sient increase in 5-hydroxyindole  levels  [19], (b) the numb er  
of  [:~H]5-HT binding sites was dec reased  ra ther  than in- 
c reased  at 60 days  of  age and (c) the h ippocampus  was the 
only one of  3 regions s tudied in which [:~H]spiperone binding 
was not significantly increased .  Fu r the rmore ,  this t issue was 
the only one  of  6 brain regions in which the ability of  
homogena t e s  to syn thes ize  [HC]5-HT from 
L- [~C] t ryp tophan  was significantly reduced.  The reason for 
this regional d i f ference  is not known,  but a possible  explana-  
tion is that prenatal  s t ress  may have al tered the dis t r ibut ion 
of  se ro tonerg ic  terminals  in the rat brain result ing in a de- 
c reased  number  of  se ro tonerg ic  synpat ic  contac ts  in hip- 
pocampus .  

The present  s tudy provides  ev idence  that prenatal  s t ress  
results  in marked changes  in the distr ibution of  sero tonergic  
recep tors  in the adult central  ne rvous  sys tem.  Whe the r  the 
changes  are brought  about  as a c o m p e n s a t o r y  re sponse  to an 
impaired deve lopmen t  of  non-se ro tonerg ic  neurons  or 
whe the r  there  are more  direct  effects  on the deve lopmen t  of  
se ro tonerg ic  neurons  is unknown  but,  in e i ther  case ,  it is 
possible  that  an al tered funct ioning of  central  se ro tonerg ic  
neurons  may underl ie  the behavioural  changes  initiated by 

prenatal  s t ress  exposure .  It is of  interest  that  we find evi- 
dence  of  a cons i s ten t ly  e levated night t ime locomoto r  act ivi ty 
following prenatal  s t ress  since t r ea tmen t s  that would be ex- 
pec ted  to p roduce  5-HT recep to r  " s u p e r s e n s i t i v i t y "  have 
been  assoc ia ted  with en h an ced  locomotor  st imulation by 
sero tonergic  agonists  [8]. H o w ev e r ,  at p resent  we have no 
direct  ev idence  that the increased locomotor  activity that we 
obse rved  is direct ly linked to the sero tonergic  sys tem.  

It has been  obse rved  that 5-HT may have a modula tory  
role in the CNS since al terat ions in its functional  act ivi ty 
appear  to affect virtually all behavioural  and physiological  
p rocesses  [10]. Our finding that  prenatal  s t ress  appears  to 
affect  the deve lopmen t  of  centrat  5-HT neurons  resulting in 
pers is tent  changes  in the dis t r ibut ion of  5-HT recep tors  
suggests  that exposure  to s t ress  during pregnancy may cause 
wide-ranging behavioural  changes  in the offspring. 
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