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ROSECRANS, J. A. AND M. D. ADAMS. Brain 5-hydroxytryptamine correlates of behavior: studies involving 
spontaneously hypertensive (SHR) and normotensive Wistar rats. PHARMAC. BIOCHEM. BEHAV. 5(5) 559-564,  1976. 
- Brain area 5-hydroxytryptamine (5-HT) turnover and behavioral correlates were compared in spontaneously 
hypertensive rats (SHR) and normotensive Wistar rats. SHR appeared to have hyperfunctional 5-HT systems as evidenced 
by the finding that brain area 5-HT turnover times were 53% lower in SHR, with significant changes seen in the limbic 
forebrain. SHR, while less active upon initial testing of spontaneous motor activity than Wistar rats, did not habituate as 
readily to the testing procedures as evidenced by higher activity than Wistar rats in repeated testing situations. In the light 
of other data indicating that 5-HT systems are predominantly inhibitory to ongoing behavior, these data suggest that 
habituation, as determined in this study, is an active process that is retarded in the SHR because of hyperfunctional 5-HT 
systems. Spontaneous activity of SHR was inhibited less than that of Wistar rats by a conditioned stimulus which is 
consistent with the observations of others that 5-HT systems tend to suppress responsiveness to external stimuli. While 
spontaneous activity data suggested that SHR were more emotional than Wistar rats, the SHR also exhibited a higher 
avoidance rate in an unsignaled shuttle avoidance procedure which is usually indicative of a lower emotional state. 
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S E V E R A L  studies  have been  c o n d u c t e d  in an  a t t e m p t  to  
b e t t e r  u n d e r s t a n d  the  role of  b ra in  5 - h y d r o x y t r y p t a m i n e  
(5-HT) p ro jec t ion  sys tems  in the  con t ro l  of  cer ta in  an imal  
behaviors .  Much  research so far c o n d u c t e d  indica tes  t ha t  
5-HT p a t h w a y s  appear  to  be p r e d o m i n a n t l y  i nh ib i t o ry  
resul t ing in a var ie ty  of  changes  in ongoing  behaviors .  Wise 
et al. [ 2 1 ] ,  by  the  d i rec t  app l ica t ion  of  5-HT to var ious 
bra in  areas, have  also suggested t ha t  5-HT sys tems subserve 
a p u n i s h m e n t  f u n c t i o n  by  inh ib i t ing  n o r m a l  ca t echo lamine  
reward systems.  

Research  c o n d u c t e d  in this  l a b o r a t o r y  has  been  d i rec ted  
toward  an u n d e r s t a n d i n g  of  the  re la t ionsh ip  b e t w e e n  5-HT 
f u n c t i o n  and  the  abi l i ty  of  an an imal  to  h a b i t u a t e  to  a 
novel  e n v i r o n m e n t .  Data  col lected thus  far  ind ica te  t ha t  
rats  who  do no t  readi ly  h a b i t u a t e  to  a nove l  e n v i r o n m e n t  
(as ind ica ted  b y  a h igher  ra te  of  ac t iv i ty  af ter  repea ted  
exposures)  exh ib i t  a more  func t iona l  5-1tT sys tem u p o n  
chemica l  eva lua t ion  [ 1 3 - 1 6 ] .  

Pre l iminary  e x p e r i m e n t s  in this  l abo ra to ry  d e m o n s t r a t e d  
a greater  5-HT tu rnove r  ra te  in cer ta in  b ra in  areas of  the  
s p o n t a n e o u s l y  hyper t ens ive  rat  (SHR)  w h e n  compared  to a 
n o r m o t e n s i v e  Wistar con t r o l  s t ra in  [ 1 7 ] .  Thus,  behaviora l  
s tudies  were c o n d u c t e d  in these  two  strains  of  ra ts  in o rder  

to ob ta in  add i t iona l  i n f o r m a t i o n  conce rn ing  5-HT sys tems 
and behavior .  

METHOD 

Male n o r m o t e n s i v e  (Wister,  MW-3) and  genet ical ly  
hyper tens ive  ra ts  (SHR)  12 weeks of  age were ob t a ined  
f rom Pur ina  L a b o r a t o r y  Animals ,  V i n c e n t o w n ,  N.j . ,  U.S.A. 
Animals  were housed  two per cage and  were al lowed to 
adap t  to  the i r  e n v i r o n m e n t  for  a per iod of  two weeks pr ior  
to  e x p e r i m e n t a t i o n .  Dur ing this  a d a p t a t i o n  per iod,  oxy-  
t e t racyc l ine  h y d r o c h l o r i d e  was inc luded  in the  dr ink ing  
wate r  (50  /ag/ml). Fo l lowing  the  two  week  equ i l ib ra t ion  
period,  the  oxy t e t r acyc l i ne  was r emoved  f rom the  water ,  
each an imal  was l ight ly  e ther ized ,  and  ind i rec t  systol ic  
b lood  pressure m e a s u r e m e n t s  were made  (tail  cuff  p le thys-  
mography) .  One week fol lowing the  eva lua t ion  of  b lood  
pressures in n o r m o t e n s i v e  and hyper t ens ive  rats, each 
animal  was subjec ted  to a var ie ty  of  behaviora l  and 
chemical  procedures .  

Behavioral Procedures 

Activity measurements. Rats  of  each  s t ra in  were exposed  
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to two  act iv i ty  p rocedures  in which  daily ac t iv i ty  c o u n t s  
were r ecorded  dur ing  four  repea ted  exposures .  The  first  
p rocedu re  ut i l ized a circular  pa th  Woodward  Act iv i ty  Cage 
( H e r n d o n ,  VA)  and  essent ia l ly  measu red  h o r i z o n t a l  acti- 
vity.  The  second  p rocedure  ut i l ized a 25 cm x 25 cm 
Lafaye t t e  ac t iv i ty  (La faye t t e ,  IN) p l a t f o r m  which  measured  
to ta l  act ivi ty.  In th is  l a t t e r  p rocedu re  rear ing behav io r  was 
also s imu l t aneous ly  measured .  

Act iv i ty  was also r eco rded  in an  open  field consis t ing of  
a c i rcular  a rena  31 cm high and  62 cm in dia. The  arena  was 
pa in ted  whi te  and  the  f loor  divided in to  four  inch  squares.  
A 60 W light  bu lb  cen t ra l ly  suspended  45 cm above  the  
arena  p rov ided  i l l um i na t i on  for  the  field. Hand  coun te r s  
were used to ta l ly  the  n u m b e r  of  squares  ( s p o n t a n e o u s  
ac t iv i ty)  en te red  and s tand ing  up on  b o t h  h ind  legs 
( rear ing)  dur ing  each trial. 

Conditioned suppression o f  spontaneous activity. A 
co nd i t i oned  e m o t i o n a l  response  was es tabl ished in b o t h  rat  
s t ra ins  by  15 pair ings of  a 4 sec whi t e  noise (CS) wi th  2 sec 
of  0.6 ma scrambled  shock.  The  in te r t r ia l  in terva l  was 11 
sec and  shock  was p resen ted  dur ing  the  last  2 sec of  the  CS. 
Three  days a f te r  cond i t ion ing ,  ra ts  were placed in a 
Lafaye t t e  act ivi ty  cage and the  CS r e i n t r o d u c e d  to  the  
an imal  via a house  speaker  for  six minutes .  All rats  were 
exposed  to two  sessions. Act iv i ty  was recorded  at 15 sec 
intervals.  

Unsignaled avoidance responding. Rats  of  each  s t ra in  
were exposed  to twelve 15 min  sessions in shu t t l e  boxes  
p r o g r a m m e d  to del iver  an uns ignaled  avo idance  schedule .  
Shock  (1 mA;  0.2 msec)  was p resen ted  every 5 sec un t i l  an  
an imal  made  a response  by  crossing a hurd le  to the  o t h e r  
side of  the  appara tus .  Shocks  were p resen ted  every 20 sec if  
an an imal  did r e spond .  An  an imal  could  delay or avoid a 
shock  by  crossing in to  the  oppos i t e  c h a m b e r  pr ior  to  the  20 
sec shock  per iod.  Ind iv idua l  ra tes  of  s p o n t a n e o u s  act iv i ty  
were d e t e r m i n e d  dur ing  a 10 min  per iod pr ior  to  be ing  
exposed  to the  avoidance  p rocedu re  ( L a f a y e t t e  ac t iv i ty  
cage). 

Chemical Techniques 

Brain area s e r o t o n i n  (5-HT) t u r n o v e r  ( syn thes i s )  was 
e s t ima ted  by  measur ing  the  increase in 5-HT levels at  
var ious t ime  intervals  fo l lowing  the  i n h i b i t i o n  of  m o n o -  

amine  oxidase.  These  e x p e r i m e n t s  were c o n d u c t e d  in 15 
week old W and SHR. In this  e x p e r i m e n t ,  three  con t ro l  and 
th ree  SHR were sacrif iced by decap i t a t i on  at  four  t ime  
intervals  (0, 10, 20, and 30 min)  fo l lowing the  adminis-  
t r a t i on  of  the  MAO inh ib i to r ,  pargyl ine  (75 mg/kg;  IP). 

Fo l lowing  sacrifice, bra ins  were r emoved  and  dissected 
in to  four  par t s  which  inc luded  the  fo l lowing areas: (1)  
cerebral  cor tex  (CC);  (2)  l imbic  fo rebra in  (LF;  this  area 
inc luded  po r t i ons  rostral  to  the  CC f rom the  tha l amus  plus 
the  cauda te  nucleus) ;  (3)  d i e n c e p h a l o n  (Dien. ) ;  and,  (4)  
b r a i n s t e m  (BS). Each bra in  area was quick ly  f rozen  on dry 
ice b locks  and was m a i n t a i n e d  at - 2 0 ° C  un t i l  the  t ime  of  
assay. 5-HT levels were measured  by  the  t e c h n i q u e  of 
Rosecrans  and  Schech t e r  [ 1 6 ] .  T u r n o v e r  t imes ( t ime  in 
m inu t e s  to syn thes ize  a ng of  5-HT) were calcula ted f rom 
slopes and  con f idence  l imits  d e t e r m i n e d  f rom a regression 
analysis  of  the  chemica l  changes  measured  ( R E G R  rou t ine ,  
SAS package).  

Statistical Analysis 

Behaviora l  data  was ana lyzed  using a 2 x 2 analysis  of  
variance.  Approp r i a t e  t values were also d e t e r m i n e d  and 
presented .  

RESULTS 

Brain Area 5-Hydroxytryptamine Turnover 

N o r m o t e n s i v e  and  hype r t ens ive  animals  used for  these  
s tudies  d isplayed b lood  pressures (1 10 + 5 m m  Hg and 181 
+ 9 m m  Hg, respect ive ly)  of  comparab l e  magn i tude  to those  
used in the  behaviora l  studies.  While bra in  s teady s ta te  
5-HT levels were 2 0 - 2 6 %  lower  in SHR than  n o r m o t e n s i v e  
Wistar rats, the  t u r n o v e r  t ime ( inverse of  t u r n o v e r  ra te)  was 
less in the  SHR in all b ra in  areas (s igni f icant ly  less in the  
l imbic  fo rebra in ;  Table  1). 

Spontaneous Activity in Normotensive Wistar Rats and 
SHR 

U p o n  init ial  exposure  to  e lec t ron ic  s p o n t a n e o u s  m o t o r  
act ivi ty  tes t ing  procedures ,  the  SHR (b lood  pressure 169 + 
2 m m  Hg) were less active t h a n  n o r m o t e n s i v e  (b lood  
pressure 108 -+ 2 m m  Hg) Wistar an imals  (Table  2). On 

T A B L E 1  

5-HYDROXYTRYPTAM1NE TURNOVER IN SPONTANEOUS HYPERTENSIVE (SH) AND CONTROL 
WlSTAR (W) RATS 

5-HT ° Levels* Molar Turnover Time (min)f 
nMoles/g ± SE (95% Confidence Limits) 

Brain W SH W SH 
Area N = 6 N = 6 N = 12 N = 12 

Cerebral 
Cortex 2.89 ± 0.25 2.22 ± 0.23 137 (88-286) 68 (47-128) 
Limbic 
Forebrain 4.56 ± 0.55 3.40 ± 0.28 211 (73-245) 44 (36-57) 
Diencephalon 6. I0 ± 0.51 4.80 ___ 0.26 113 (62-260) 54 (44-69) 
Brainstem 4.69 ± 0.28 3.48 ± 0.35 71 (54-104) 48 (38-61) 

*5-HT levels determined in six nondrug treated rats of each strain. 
tValues were calculated from slopes and 95% confidence limits determined via a regression analysis 

of the rise in 5-HT after MAOI. 5-HT turnover times and confidence limits were determined by 
dividing the predicted nMole 5-HT steady state level by the nMole 5-HT turnover rate/min. 



T A B L E  2 

RATE OF HABITUATION IN CONTROL (W) AND HYPERTENSIVE 
RATS (SHR) 

SESSION I 

Behavioral* Initial Last 
Parameter Strain (N) Exposure Exposure 

Locomotor 
Activity 

Counts -+ SE 

Total 
Spontaneous 
Activity 

Counts _+ SE 

Rearings ___ SE 

W (12) 169 - 17 47 _+ 9 
SHR (12) 96 - 125 61 _ 8t 

W (18) 127 _ 12 58 - 6 
SHR (18) l l0  _+ 6 92 _+ 12t 

W (18) 18.1 - 1.7 5.6 _ 0.9 
SHR (18) 12.2 --- 1.5:~ 9.4 -+ 1.Tf 

*All rats were exposed to four 3-min. daily exposures in a specific 
activity cage. Locomotor activity refers to rats studied in a circular 
path activity cage. Total spontaneous activity refers to a different 
group of rats exposed to a Lafayette activity cage. Rearing behavior 
was determined simultaneously in the latter experiment. 

tThe data were subjected to a 2x2 analysis of variance which 
indicated a significant strain exposure interaction; minimal p <0.05. 

:Unitial exposures were significantly different at p <0.05. 
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FIG. 1. Spontaneous locomotor activity and rearing behavior in the 
open field (see Methods). Asterisks indicate significant differences 

between strains. Vertical bars represent SE of means. 

repea ted  test ing,  ac t iv i ty  was observed to decl ine in b o t h  
s t rains  of  rats. However ,  t he  magn i tudes  of  decl ine in 
s p o n t a n e o u s  m o t o r  ac t iv i ty  were no t  s imilar  for  the  two 
groups  as ev idenced  by  a s ignif icant  s t ra in -exposure  inter-  
ac t ion  when  the  data  in Table  2 were sub jec ted  to a 2 x 2 
factor ia l  analysis  of  var iance [s trains  and  exposure  ( ini t ia l  or 
f ina l ) ] .  Thus,  act ivi ty  in the  n o r m o t e n s i v e  animals  decl ined 
more  ( 5 4 - 7 3 % )  b e t w een  ini t ial  and  final  exposures  t h a n  in 
the  SHR ( 1 7 - 3 6 % ) .  Therefore ,  in con t r a s t  to  the  da ta  
recorded  dur ing the  ini t ial  exposure ,  the  SHR displayed 
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FIG. 2. Conditioned suppression of spontaneous activity in SHR 
and normotensive Wistar rats. Conditioned rats were exposed to 15 
pairings of white noise and shock (0.6 ma) three days prior to 
activity exposure. Control rats were exposed only to the white 
noise. During sessions in the activity cage, only conditioning white 

noise was reintroduced. Vertical bars represent SE of means. 

grea ter  s p o n t a n e o u s  act ivi ty  dur ing  the  f inal  tes t ing  situa- 
t ion.  

Similar data  were ob t a ined  w h e n  act iv i ty  was measured  
in the  open  field (Fig. 1). A l t h o u g h  SHR animals  dem-  
ons t r a t ed  s ignif icant ly  reduced  act ivi ty  ( c o m p a r e d  to  
no rmo tens ive  Wistar rats)  u p o n  ini t ial  test ing,  the i r  act ivi ty  
decl ined very l i t t le  u p o n  s u b s e q u e n t  exposures .  In cont ras t ,  
the  act ivi ty  of  the  n o r m o t e n s i v e  Wistar s t ra in  decl ined 
dramat ica l ly  u p o n  s u b s e q u e n t  exposures .  

Conditioned Suppression o f  Activi ty in Normotensive 
Wistar Rats and SHR 

In these  expe r imen t s ,  mean  b lood  pressures -+ SE were 
118 + 5 m m  Hg for  Wistar and  187 + 7 m m  Hg for  SHR. 
Animals  of  each s t ra in  were cond i t i oned  to associate  a 
whi te  noise (CS) wi th  a sc rambled  electr ical  shock  u n d e r  
m o t o r  act ivi ty  tes t ing  condi t ions .  Af te r  cond i t ion ing ,  these 
animals  ( c o n d i t i o n e d )  and naive ( con t ro l )  animals  of  each  
s t ra in  were exposed  to two  sessions in which  s p o n t a n e o u s  
m o t o r  act ivi ty  was measured  in the  presence  of  the  whi te  
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FIG. 3. Activity and shuttle responses of SHR and Wistar rats 
exposed to an unsignaled avoidance procedure. Rats were exposed 
to an activity cage for 10 rain just prior to shuttle exposure. Each 
avoidance session was 15 rain in duration. SHR are represented by 
the open circles whereas the closed circles represent Wistar controls. 
Asterisks indicate significant differences between strains. Vertical 

bars represent SE of means. 

noise. Act iv i ty  of  c o n d i t i o n e d  Wistar an imals  was f o u n d  to 
be great ly  r educed  w h e n  c o m p a r e d  to naive an imals  of  the  
same s t ra in  a l t h o u g h  some e x t i n c t i o n  of  this  cond i t i oned  
behav io r  b e c a m e  a p p a r e n t  in the  second session (Fig. 2). 
Some suppress ion  of  ac t iv i ty  was observed in the  condi-  
t ioned  SHR when  c o m p a r e d  to con t ro l  SHR dur ing  Session 
I. However ,  the  magn i tude  of  th is  c o n d i t i o n e d  suppress ion  
was obvious ly  less t h a n  in the  n o r m o t e n s i v e  Wistar  rats. In 
the  second  session, no  c o n d i t i o n e d  suppress ion  of  act ivi ty  
was seen in the  SHR. 

Unsignaled Avo idance  R e s p o n d i n g  in N o r m o t e n s i v e  Wistar 
Rats  and  S H R  

When tes ted  in an uns ignaled  avoidance  p rocedure ,  SHR 
were found  to be more  responsive  t han  n o r m o t e n s i v e  Wistar  
animals  (Fig. 3). These  an imals  shu t t l ed  twice as m u c h  and 
received far fewer  shocks  t han  the  Wistar rats. As ob- 
served previously ,  m e a s u r e m e n t  of s p o n t a n e o u s  m o t o r  
act ivi ty ind ica ted  t ha t  SHR animals  were ini t ial ly less active 
bu t  t ha t  the i r  act ivi ty  decl ined s ignif icant ly  less t han  t ha t  
of  the  n o r m o t e n s i v e  Wistar an imals  u p o n  c o n t i n u e d  test ing.  

D I S C U S S I O N  

Most s tudies  regarding the  role of  5-HT p ro jec t ion  
sys tems in behav io r  have ind ica ted  t ha t  such pa thways  are 
i n h i b i t o r y  in na ture .  Thus,  lesions of  the  midb ra in  raphe  
nucleus,  an i m p o r t a n t  site for  t r yp t amine rg i c  neurons ,  have 
been  s h o w n  to p roduce  increases in m o t o r  act ivi ty  [ 9 ] ,  
increased sensi t ivi ty  to  foo t  shock [10]  and  faci l i ta ted 
acquis i t ion  of  cond i t i oned  avoidance  behav io r  [ 11 ] in rats. 
F u r t h e r m o r e ,  rats  dep le ted  of  5-HT by parach loro-  
pheny la l an ine  (PCPA) d e m o n s t r a t e  increased sensi t ivi ty  to 
electr ic  shock [ 2 0 ] .  On the  o the r  hand ,  Sheard and 
Aghajan ian  [ 19] r epo r t ed  tha t  electr ical  s t imu la t ion  of  the  
raphe  nuc leus  p roduced  an e n h a n c e m e n t  of  the star t le  
response  to acous t ic  s t imul i  and  Fech t e r  [6] d e m o n s t r a t e d  
tha t  admin i s t r a t i on  of the  5-HT precursor ,  5 -hydroxy-  
t r y p t o p h a n  had  a fac i l i t a to ry  effect  on the  start le response.  

In the  p resen t  s tudy,  SHR d e m o n s t r a t e d  e n h a n c e d  5-HT 
tu rnove r  rates  (decreased t u r n o v e r  t imes)  in all brain areas 
examined  when  c o m p a r e d  to a n o r m o t e n s i v e  Wistar strain.  
While it is conce ivable  t ha t  d i f ferences  in 5-HT t u r n o v e r  
could merely  ref lect  a c o m p e n s a t i o n  for lack of 5-HT 
act ivi ty  at  pos t synap t i c  sites, it is general ly  agreed t ha t  such 
m e a s u r e m e n t s  are a re f lec t ion  of  the  neura l  ac t iv i ty  of  5-HT 
pa thways .  There fo re ,  behaviora l  s tudies  were c o n d u c t e d  to 
de t e rmine  if this  b iochemica l  a l t e ra t ion  could be cor re la ted  
wi th  changes  in behavior .  

Previous behaviora l  s tudies  wi th  SHR have been  ra the r  
l imited.  E iche lman  et  al. [5] s tudied  aggression and found  
no  d i f fe rence  in aggressive behav io r  b e t w e e n  SHR and 
n o r m o t e n s i v e  con t ro l  rats. In a n o t h e r  s tudy  Pappas et  al. 
[12]  found  SHR to be more  active (open  field and act ivi ty  
wheels)  and  less e m o t i o n a l  (less de feca t ion  in the  open  
field) than  a n o r m o t e n s i v e  Wistar strain.  Saari and Pappas 
[18] also observed tha t  foo t - shock  induced  suppress ion  of 
d r ink ing  behav io r  was less in SHR than  in n o r m o t e n s i v e  
Wistar animals  and thus  conc luded  tha t  SHR are less 
fearful.  

The  present  s tudy  d e m o n s t r a t e d  t ha t  SHR exh ib i t ed  less 
cond i t i oned  suppress ion  of  s p o n t a n e o u s  m o t o r  act ivi ty  
than  n o r m o t e n s i v e  Wistar animals  (Fig. 2) which  is consis- 
t en t  wi th  the  data  of  Saari and  Pappas [ 18].  F u r t h e r m o r e ,  
the e n h a n c e d  responsiveness  of  SHR in the  uns ignaled  
c o n d i t i o n e d  avoidance  p rocedure  (Fig. 3) is typical  of  the  
behav io r  of  low e m o t i o n a l  rats  [ 1 3 ] .  On the  o the r  hand ,  
the  p resen t  s tudy  also showed  tha t  SHR exh ib i t ed  de- 
creased s p o n t a n e o u s  act iv i ty  (in con t r a s t  to data  of Pappas 
et  al.) when  c o m p a r e d  to a n o r m o t e n s i v e  Wistar con t ro l  
s t rain u p o n  ini t ial  exposure  to s p o n t a n e o u s  m o t o r  act ivi ty  
record ing  cages or  an open  field. 

Previous  s tudies  in this  l a b o r a t o r y  suggest tha t  hab i tua -  
t ion  to  a novel  e n v i r o n m e n t ,  as measured  by the  ra te  of  
decl ine in s p o n t a n e o u s  m o t o r  act ivi ty  dur ing  consecut ive  
tes t ing sessions, is inversely cor re la ted  wi th  brain 5-HT 
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t u rnove r  [ 16] .  The  presen t  s tudy  conf i rms  this  obse rva t ion ,  
in t ha t  SHR animals  while  d e m o n s t r a t i n g  grea ter  b ra in  
5-HT t u r n o v e r  (decreased t u r n o v e r  t imes)  t h a n  n o r m o -  
tensive Wistar  animals ,  did n o t  as readi ly  h a b i t u a t e  to  
s p o n t a n e o u s  act iv i ty  record ing  condi t ions .  This  f inding,  in 
c o n j u n c t i o n  wi th  the  m a n y  repor t s  t h a t  5-HT serves to  
inh ib i t  behav io r  migh t  be  i n t e r p r e t ed  to m e a n  t ha t  this  
fo rm of  h a b i t u a t i o n  is an act ive process  which  is m o d u l a t e d  
by  the  i n h i b i t o r y  in f luence  of  5-HT. 

The  effects ,  if any,  of  5-HT on h a b i t u a t i o n  are p robab ly  
qui te  comp lex  and  might  depend  great ly  on  the  type  of  tes t  
sys tem employed .  Thus,  da ta  in the  cu r ren t  s tudy  f rom 
animals  subjec ted  to an  aud i to ry  s t imulus  designed to 
inh ib i t  ac t iv i ty  in s u b s e q u e n t  tests,  i nd ica ted  t h a t  the  SHR, 
while d e m o n s t r a t i n g  less c o n d i t i o n e d  suppress ion  of  acti- 
vi ty  in an ini t ial  tes t ing  p rocedure ,  appeared  to adap t  more  
readily u p o n  a second tes t  exposure  (Fig. 2). 

O t h e r  inves t igators  have e x a m i n e d  the  role of  5-HT 
sys tems in h a b i t u a t i o n  to the  s tar t le  response.  Agha jan ian  
and Sheard  [1]  r epo r t ed  t ha t  electr ical  s t imu la t ion  of the  
midb ra in  r aphe  area caused d i s hab i t ua t i on  of a h a b i t u a t e d  
s tar t le  response.  On the  o t h e r  hand ,  C o n n e r  et al. [3] 
found  t h a t  dep le t ion  of  bra in  5-HT wi th  PCPA slowed 
d o w n  bu t  did no t  p reven t  the  d e v e l o p m e n t  of  h a b i t u a t i o n  
to the  s tar t le  response.  More recent ly ,  Davis and Sheard  [4] 
f o u n d  tha t ,  while r aphe  lesions e n h a n c e d  the  s tar t le  
response  ( sens i t i za t ion  to the  response) ,  such lesions did 
no t  al ter  the  ra te  of  s tar t le  response  hab i tua t i on .  These  
la t ter  invest igators  conc luded  t ha t  repet i t ive  s t imulus  expo-  
sures p roduces  b o t h  h a b i t u a t i o n  and  sens i t i za t ion  and  t ha t  
d i f fe ren t  neura l  sys tems migh t  regulate  these  two be- 
havioral  p h e n o m e n a .  

This  s t udy  was no t  designed to s tudy  the  role of  a l tered 
bra in  5-HT t u r n o v e r  in the  e t io logy or m a i n t e n a n c e  of  the  
hyper t ens ive  s ta te  of  the  SHR. The  role(s)  of  cen t ra l  5-HT 
pa thways  in b lood  pressure regula t ion  r ema in  to be clearly 
establ ished.  At  p resen t  the re  is da ta  to  impl ica te  bra in  5-HT 
sys tems in b o t h  the  e leva t ion  and depress ion  of  b lood  
pressure.  Recen t  s tudies  in the  SHR ind ica te  t ha t  orally 
admin i s t e red  PCPA decreases b lood  pressure [8] and  tha t  
in t r aven t r i cu la r  adm i n i s t r a t i on  of  5 , 6 - d i h y d r o x y t r y p t a m i n e  
(a chemica l  which  selectively des t roys  5-HT-conta in ing  
nerve te rmina ls )  to  y o u n g  SHR re ta rds  the  d e v e l o p m e n t  of  
hype r t ens ion  [ 2 ] .  Thus  it wou ld  seem reasonab le  to  infer  

t ha t  the  d i f fe rences  in b ra in  5-HT tu rnove r  b e t w e e n  SHR 
and n o r m o t e n s i v e  Wistar an imals  could be i m p o r t a n t  in the  
d e v e l o p m e n t  a n d / o r  m a i n t e n a n c e  of  the  hype r t ens ive  con- 
di t ion.  However ,  t he re  are two fac tors  which  mus t  t e m p e r  
such specula t ion .  The  first is the  se lec t ion of  a s t andard  
no rmo tens ive  Wistar  con t ro l  s t ra in  wi th  which  to compa re  
SHR. The  K y o t o  Wistar  is the  s t ra in  f rom which  the  SHR 
were ini t ial ly derived and  is p r o b a b l y  the  bes t  s t rain for  
cardiovascular  compar i sons  wi th  the  SHR [ 2 2 ] .  Such a 
s t ra in  was no t  available f rom the  suppl ier  at  the  t ime  of  this  
s tudy.  Secondly ,  it has  also been  shown t h a t  in t ravent r i -  
cular admin i s t r a t i on  of  6 - h y d r o x y d o p a m i n e  (a c o m p o u n d  
which  des t roys  cent ra l  noradrenerg ic  nerves)  also re ta rds  
the  d e v e l o p m e n t  of  h y p e r t e n s i o n  in SHR [7 ] .  Therefore ,  it 
is qu i te  possible t h a t  the  more  rapid bra in  5-HT tu rnove r  
d e m o n s t r a t e d  in the  SHR is no t  at  all re la ted to the  
hyper tens ive  cond i t i on  or may  be jus t  one  of  m a n y  
b iochemica l  defec ts  leading to the  d e v e l o p m e n t  of  elevated 
b lood  pressure.  

In summary ,  the  p resen t  s tudy  has d e m o n s t r a t e d  an 
enhanced  5-HT tu rnove r  ra te  in several b ra in  areas of  the  
SHR when  compared  to  a n o r m o t e n s i v e  Wistar strain.  
Corre la ted wi th  this  b iochemica l  a l t e ra t ion  were behaviora l  
changes which  ind ica ted  t ha t  SHR animals  may  less readi ly  
h a b i t u a t e  to  a novel  e n v i r o n m e n t ,  suggesting t h a t  5-HT 
sys tems may  serve to inh ib i t  h a b i t u a t i o n  as measured  in this  
s tudy.  While ini t ial  s p o n t a n e o u s  act ivi ty was less in SHR 
than  in Wistar  rats,  t he  inh ib i t i on  of act ivi ty  el ici ted by  a 
cond i t i oned  s t imulus  was also less which  is cons i s ten t  wi th  
the  observa t ions  of  o thers  t ha t  5-HT sys tems suppress  
responses  to  ex te rna l  st imuli .  Ini t ia l  s p o n t a n e o u s  act ivi ty  
data  suggested t h a t  SHR were more  e m o t i o n a l  t han  Wistar 
rats. However ,  the  obse rva t ion  t ha t  SHR exh ib i t ed  a h igher  
avoidance  rate  in an uns ignaled  cond i t i oned  avoidance  
p rocedure  is cons i s t en t  wi th  the  behav ior  of  low e m o t i o n a l  
animals.  
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