
The Neuropeptides 
Pharmacology Biochemist O, and Behavior, Vol. S, Suppl. 1, pp. 29-33. ANKHO International Inc., 1976. 

Dorsal Hippocampus: A Site of Action of 
Neuropeptides on Avoidance Behavior? 

TJ.B. VAN WIMERSMA GREII )ANUS AND 1). DE WIED 

Rudol f  Magmts Institute for  Pharmacology, University o f  Utrecht, Medical t.'acttlt i" 
Vondellaan 6, Utrecht, The ;Vetherlatzds 

WIMERSMA GREIDANUS, TJ,B. VAN AND D. I)E WIED. Dorsal hippocampus: a site of action ¢ff neuropeptides on 
a~'oidance beha~'ior? PIIARMAC. BIOCHEM. BEHAV. 5: SUPPL. l, 29-33,  1976. - Vasopressin and ACTH 4-10 induce a 
dose dependent hmg-term, respectively short-term inhibition of extinction of a pole jumping a~oidance response m 
animals v¢ith sham lesions in the anlero-dorsal hippocampus. Small lesions, causin,~ a restricted damage in this area of the 
brain, partly inhibit the behavioral effect of vasopressin. I-xtensive lesions in the antero-dorsal hippocampus completely 
prevent the inhibitory effects of vasopressin and of ACT[! 4-10 on extinction of the avoidance response. The extensive 
lesions in the dorsal hippocampus complex do not interfere with the rate of extinction, but acquisition of the response is 
retarded. These observations do not allow the conclusion that the hippocampal complex is the locus of action of 
ncuropeplides in relation to avoidance behavior; it is more likely that t]liS brain region is bill one site of behavioral action 
of these hormone'< and that the limbic sysleln needs to be intact to permit the neuropeptides to exert their behavioral 
effects. 

Vasopressin A('Ttl 4-1[1 Anlero-dorsal hippocampus Aw~idance behavior 

TIlE NEUROHYPOPIIYSIAL system is involved in the 
format ion  and main tenance  of  avoidance behavior.  Ad- 
ministrat ion of vasopressin and of  Wlsopressin anak)gs 
increases resistance to ex t inc t ion  of active and of  passive 
avoidance behavior  for a relatively long period of  t ime [1, 
18, 241. Moreover absence of  vasopressin results in a 
marked deficit  in avoidance condi t ioning.  Bra t t leboro  rats 
homozygous  for heredi tary  hypo tha l amic  diabetes  insipidus 
display a severe dis turbance in re ten t ion  of  active and 
passive avoidance responses in compar ison  with their  
he te rozygous  l i t termates  [5 ,20] .  

[n t racer Ibrovent r icu la r  adminis t ra t ion  of  antivasopressin 
serum, resulting in a blockade of  centrally available 
vasopressin,  also interferes with passive avoidance behavior.  
It] conlras t ,  in t ravenous adminis t ra t ion  of  100 t imes as 
much ant iserum which results in a t empora ry  diabetes  
insipidus is ineffective on behavior [26] .  These restllts, 
together  with the observat ion that in t racerebrovent r icular  
adminis t ra t ion  of vasopressin itself needs approx imate ly  
200 t imes less of  the pept ide  than a subcu taneous  injection 
for a behavioral effect  of the same magni tude  (De Wied, 
unpubl ished data) points  to an impor tan t  role of the 
brain-ventricular sys tem in the d is t r ibut ion of  vasopressin 
wilhin the brain [23] .  Anatomical  evidence exists for a 
direct release of  neurosecre to ry  material into the cerebro-  
spinal fluid (( 'SF),  Axons  of  the supraopt ic  tract,  filled 
with neurosecre tory  substances  have been shown to end in 
the infundibular  recess [29] .  In addi t ion vasopressin has 
been demons t r a t ed  to be present  in the ( 'SF [7 ,17I .  Thus 
the ( 'SF may be an efficient  way of  t ranspor t  of  vasopressin 
to brain s l ruc tures  which are the site of act ion of this 
nonapep t ide  in relation to awfidance behavior,  t towever ,  it 
is also possible that ascending neurosecre tory  fibers carry 
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their  material direct ly to di f ferent  s t ructures  of  the limbic 
system ([ 15], Pfaff, personal communica t ions ) .  

On the o ther  hand not only pept ides  from poster ior  
pi tui tary origin, but also ACTH and MSH, present  in the 
anter ior  and in termedia te  lobe of  the pitui tary,  as well as 
the analogs At 'TI t  I - I0  and A('TH 4-10 inhibit ex t inc t ion  
of ac{ive and passive avoidance behavior [19] .  These 
pept ides ,  however ,  exhibi t  a shor t - term effect  on ex t inc t ion  
of avoidance responses.  Depending on the dose the in- 
hibi tory effect  on avoidance ex t inc t ion  lasts from several 
hours to maximally one day [22 ,24] .  

Whether  the brain-ventricular  system plays a role in the 
dis t r ibut ion of ACTH or MSI! related pept ides  as well is 
uncertain,  but not impossible. A( 'TH has been reported to 
be present in the CSF and a special system has been 
suggested for a retrograde t ransport  of anter ior  pi tui tary 
pept ides  from the pi tui tary to the brain and more  particular 
to the brain ventricles [2] .  

it has been assumed that A('TH and MSH and related 
pept ides  affect  arousal in the central nerwms system,  which 
may lead to an al terat ion in the mot ivat ional  s t rength  o~ 
specific envi ronmenta l  stimuli,  which in turn may be 
reflected in behavioral changes [1%21[ .  The long-term 
effect of vasopressin on avoidance behavior suggests that 
this pept ide  affects  brain processes which are related to 
memory  consol ida t ion  [27] .  This d i f ference  be tween the 
effects  of vasopressin one one hand and those of  ACII I  
related pept ides  on the o ther  made it desirable to fur ther  
investigate the sites of the behavioral action of these 
peptides.  

Implanta t ion  studies as well as lesion exper imen t s  point  
to l imbic midbrain s t ructures  like the poster ior  thalamic 
area and the septal region as impor tan t  s t ructures  in this 
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respect [22, 24, 25, 281. Since the h ippocampal  complex  is 
f requent ly  repor ted  as an essential brain s t ructure  m 
avoidance condi t ion ing  the present  s tudy was designed to 
fur ther  explore  the role of this brain region in the effect  o f  
vasopressin and of A(?Ttt 4-10 on avoidance behavior.  

ME IHOD 

Male rats of an inbred Wistar strain, weighing 120 140g  
were opera ted  4 - 5  days before  being submi t ted  to avoid- 
ance training. By use of a s tereotaxic  ins t rument  bilateral 
lesions were made in the antero-dorsal  h ippocampus ,  
resulting in ei ther  restr icted or more  extensive danlage of 
this area. For  a restr icted damage a single lesion was made 
on each side. for more extensive damage two adjacent 
lesions were made on ei ther  side of the midline (Fig. I). 

FI(;. I. Rat brain diagram illustraling tim size and localization of 
extensive lesions in the zmtcm-dorsal hippocampus. I'MP: l.asciculus 
medialis prosencephzdi: lh: nucleus habcnulac lateralis: tram: 
nucleus medialis lhalami, pars medialis; iv: nucleus vcntralis thakmli; 

lvd: nucleus ventralis thalami, pars dorsalis. 

When animals had recovered fronl thc opera t ion  avoid- 
ance condi t ion ing  was started in tile pole jumping  appa- 
ratus. Animals  were trained to j ump  on to  a pole which was 
placed in the middle  of  the box, within 5 sec after the onset  
of the cond i t ioned  st imulus (CS), which was a light emi t ted  
by a 40 W bulb placed on the t ransparent  top of  the box.  
Rats which failed to j u m p  on to  the pole within the 5 sec 
period received the uncond i t i oned  st imulus (USI of 
scrambled electric foo t shock  (0.25 reAl.  Ten condi t ion ing  
trials were given each day with an average intertrial  interval 
of 60 sec. Animals which made 8 or more  positive responses  
on the last acquisi t ion day were injected subcutaneous ly  
{SC) with graded amoun t s  of lysine-8-vasopressin (LVP (90 
IU/mg) in 0.5 ml. On the next day ex t inc t ion  trials were 
mn  in which the US was not presented.  

For  the AC'rH studies the hep tapep t ide  ACI I I  4-10 was 
injected SC in graded doses I hr prior to each ex t inc t ion  
session. Fach t rea tn lenl  group conta ined  7 I1 animals. 

At the end of the expe r imen t  the brain was fixated by 
forn la ldehyde  perfusion,  removed and cut into slices for 
histological examina t ion  of the size and the exact  local- 
ization of the lesions. 

I~,t.: su  I, TS 

Teaming in sham operated  animals and in aninlals with 
snlall lesions in the antero-dorsal  h ippocampus  lasted for 4 
days. Rats with small lesions showed a t endency  towards  a 
retarded acquisi t ion.  However,  on Day 4 the criterion of 
80!~,: condi t ioned  avoidance responses (CAR's)  was reached. 

In sham opera ted  animals a dose dependen t  long-term 
inhibi t ion of ex t inc t ion  was observed following 1 ug or 3 ug 
LVP. At the 6lh ex l inc l ion  session high response levels 
were still present  in tile LVP treated groups whereas no 

response occurred anymore  in the placebo g r o u p I F i g .  21. 
In animals with small lesions in the dorsal h ippocampal  

area no effect  was found on the rate of  ex t inc t ion  following 
adminis t ra t ion  of 1 ug or 3 ,ag LVP. Only a high dose of 9 
ug LVP was able to inhibit ex t inc t ion  of the CAR (Fig. 3). 

Animals with extensive lesions in the anlero-dorsal  
h ippocampus  showed retarded acquisi t ion of the avoidance 
response. Therefore ,  acquisi t ion training was cont inued for 
6 sessions. At thal  session, which was per formed on Day 8, 
the learning cri terion was reached and animals were injected 
with ei ther  I ug or ~ ug I_VP. As indicated in Fig. 4 no 
effect of  LVP was observed on ex t inc t ion  of the CAR. 
Neither 1 ,ug nor 9 ,ug of tile pcpt ide  resulted in an 
inhibit ion of the avoidance response.  On the 41tl ex t inc t ion  
session all t reatnlent  groups, including the 9 ug l,VP group. 
were Mmost comple te ly  ext inguished.  

In the A("IH exper in len ts  only sham operated  animals 
and rats bearing extensive lesions in the anlero-dorsal  
h ippocanlpus  were used. Again tile latter animals showed ~, 
retarded acquisi t ion as compared  with the sham operated  
controls .  

Daily injection of ACTH 4-10 in doses of 1 ug and 3 ug 
at 1 hr prior to each ex t inc t ion  session resuhed in a 
dose-dependent  inhibi t ion of ex t inc t ion  of the CAR in 
sham opera ted  rats {Fig. 5). However,  doses of  9 ug ACI I t  
4-10 failed to delay ex t inc t ion  of  the avoidance response in 
animals bearing extensive lesions in the antero-dorsal  
h ippocampus  (Fig. 6). 

Moreover it appeared that nei ther  in the LVP nor in the 
AC'I'H 4-10 exper iments  the lesions themselves affected 
significantly the rats of  ex t inc t ion  of the CAR, al though in 
tile exper iments  a t endency  towards  a facili tation of 
ex t inc t ion  was observed in tile lesioned animals. 

IIISCLISSI()N 

Extensive lesions in the antero-dorsal  h ippocampal  area 
prevent vasopressin- and A(" l ' t l -mduced preservat ion of the 
pole jumping  avoidance response,  whereas the lesions 
themselves do not interfere significantly with the rate of  
ex t inc t ion  of  the response.  However,  acquisit ion of the 
CAR is retarded in animals with extensive lesions in the 
dorsal h ippocampal  complex.  Smaller lesions, causing a 
more restr icted damage of  the antero-dorsal  h ippocan lpus  
only partly inhibi ted the behavioral effect  of vasopressin. 

The h ippocampal  complex has been reported to play an 
impor tant  role in behavioral pe r formance  [6 ,14] .  Al lhough 
the variability in lesion size makes it difficult  to compare  
lhe results from dif ferent  laboratories,  the l i terature agrees 
that h ippocampal  lesions affect  behavior,  albeit that smaller 
lesions may somet imes  have different  effects  than larger 
ones. In particular the effect  of h i p p o c a m p e c t o m y  on one 
way condi t ion ing  is not clear. Small lesions have no effegt,  
but large lesions produce  deficits  1%13].  Retardat ion of  
acquisit ion as observed in our expe r imen t s  was also found  
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by Nadel [ 11 ], who  suggested tha t  the  dorsal  h i p p o c a m p a l  
area may func t i on  in the  m o d u l a t i o n  of  responses  to 
mot iva t ing  st imuli .  It has also been suggested that  in 
s i tua t ions  wi th  high arousal ,  h i p p o c a m p e c t o m i z e d  animals  
show a t e n d e n c y  of  repea t ing  previous  responses  due to 
e i ther  grea ter  response  preserva t ion  or to def ic ien t  response  
inhib i t ion  [6 ,8 ] .  This  t e n d e n c y  is f r equen t ly  observed in 
two way active avoidance  s i tuat ions .  In the one  way 
avoidance  s i tua t ion  as used in the  present  expe r imen t s ,  

however ,  no effect  of  dorsal h i p p o c a m p a l  lesions oil 
e x t i n c t i o n  could be observed.  

Previous e x p e r i m e n t s  f rom our  group [4, 25, 28] 
showed that  o t h e r  bra in  areas such as the pos te r io r  tha lamic  
area, inc luding the parafascicular  nuclei,  and the  rostral  
septal area are also i m p o r t a n t  for the behaviora l  ef fects  of  
neu ropep t ide s  like vasopressin and A ( ' T l l - a n d  MSH- 
analogs. Those  results,  t oge the r  wi th  the present  data .  
suggest tha t  vasopressin and A( 'TH analogs act on midbra in  
l imbic s t ructures .  

It may well be tha t  we are not  deal ing with a more  or 
less restr ic ted and well def ined  region in the brain as the 
site of ac t ion  of  neu ropep t ide s  in re la t ion to avoidance  
behavior.  It is more likely tha t  l imbic sys tem s t ruc tures  
need to be intact  in o rder  to allow neu ropep l ide s  to exert  
thei r  behaviora l  effects,  and tha t  the  h i p p o c a m p u s  is but  
one subs t ra te  of this  ac t ion of  the  h o r m o n e s  [3 ] .  In this 
respect  it is w o r t h w h i l e  to m e n t i o n  that  admin i s t r a t i on  of 
ACTH 4-10 results  in a l t e ra t ions  in electr ical  act ivi ty in 
bo th  h i p p o c a m p u s  and pos ler ior  t ha l amus  as induced by 
the electrical  s t imula t ion  of the re t icular  f o rma t ion  in 
freely moving  rats [ 1 6 ] .  Thus,  A C I t [  4-10 may faci l i ta te  
t ransmiss ion of midbra in  l imbic s t ruc tures  or increase the 
exc i tab i l i ty  of  the the ta -genera t ing  system,  t he reby  en- 
hanc ing  the arousal  s tate  of  cer ta in  hrain regions. 

It may be that  unde r  c i rcumstances  related to specific 
s t imuli  e n d o g e n o u s  vasopressin,  A( 'T t !  and MSH and 
p robab ly  the i r  analogs as well, are (d i rec t ly l  released in to  
the ( 'SF  and t r anspor ted  to midbra in  l imbic s t ructures .  It 
has been found  by Pelletier e t  al. [12]  that  the choro id  
plexus, e p e n d y m a l  cells and meninges  are s t rongly  labelled 
fol lowing in t racaro t ic  in jec t ion of radioact ive  c~-MSI!, sug- 
gesting thai  MSI[ a n d / o r  its me tabo l i t e s  pene t r a t e  in to  the 
( 'SF.  Moreover  they observed a specific up take  in the 
s t r ia tum and the  re t icular  nucleus  of the  tha lamus .  This 
preferent ia l  local izat ion of  radioact iv i ty ,  par t icular ly  in the 
t ha l amus  could p robab ly  be corre la ted  wi th  modi f i ca t ions  
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brain regions and the release of these peptides from 
peptidergie nerve terminals into extra-hypothalamic limbic 
structures may be of biological importance in the regulation 
of behavior [ 1OI. 

of beMvior  [12] .  However, as stated before it is also 
possible that direct neuronal  connect ions  exist between the 
sites of synthesis and the sites of action of vasoprcssin 
(115] ,  Pfaff. personal communica t ion) .  In addit ion a 
variety o/ hypothalamic  peptides have been found in many 
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