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Effect of PCPA (100 mg/kg i.p. daily for 4 days) or 5,6-DHT (50 [xg into each ventricle) on monoamine concentrations in the hypothalamus 
and residual brain of the rabbit 

Treatment 5-HT ([~g/g 4- SE) NE ([xg/g -4- SE) DM (~xg/g 4- SE) 

Hypothalamus Rest of the brain Hypothalamus Rest of the brain Hypothalamus Rest of the brain 

Controls 0.97 -E 0.048 0.46 • 0.026 1.20 -4- 0.050 0.30 • 0.20 0.23 4- 0.010 0.21 • 0.010 
PCPA 0.29 ~= 0.010 b 0.19 • 0.006 b 1.07 4- 0.171 0.22 • 0.008 ~ 0.23 • 0.057 0.18 -t- 0.009 
5,6-DHT 0.58 4- 0.001 b 0.30 =t- 0.020 b 1.10 4- 0.120 0.25 ~= 0.009 0.28 4- 0.044 0.18 ~ 0.010 

Each value is the mean 4- SE of 6 determinations. ~P ~ 0.05; bp ~< 0.001 relative to controls. 

F ive  h a f t e r  py rogen  a d m i n i s t r a t i o n ,  t he  an ima l s  were 
ki l led b y  decap i t a t i on ,  t he  b r a i n s  were r e m o v e d  a n d  in 
some cases (see results)  t he  h y p o t h a l a m u s  was d issected  
out .  Ca techo lamines  were e s t i m a t e d  f luo romet r i ca l ly  in 
t h e  whole  b r a i n  or in t he  h y p o t h a l a m u s  accord ing  to t he  
m e t h o d  of SHELLEMBERGER a n d  GORDON 2~. Fo r  5 -HT 
d e t e r m i n a t i o n s  in  b lood p la te le ts ,  some of the  an ima l s  
were e x s a n g u i n a t e d  u n d e r  s l igh t  e t h e r  anes thes i a  t h r o u g h  
a p o l y e t h y l e n e  c a n n u l a  p laced  in t he  ca ro t id  a r t e r y  and  
b lood p la te le t s  were i so la ted  as descr ibed  b y  DA PRADA 
a n d  PLETSCHER 25'26. S igni f icance  of differences b e t w e e n  
g roups  was ca lcu la ted  b y  t he  S t u d e n t ' s  t - tes t  and  a 
p r o b a b i l i t y  of p _< 0.05 was accep ted  as s t a t i s t i ca l ly  
s ignif icant .  

Results and discussion. P C P A  or 5 , 6 - D H T  t r e a t m e n t ,  
per  se, d id  n o t  a l t e r  t he  n o r m a l  t e m p e r a t u r e  of t h e  r ab -  
b i t s ;  in  fact ,  i m m e d i a t e l y  before  py r ogen  in jec t ion ,  t he  
basa l  t e m p e r a t u r e  of t he  con t ro l  an ima l s  was  39.18~ 
whi le  an ima l s  wh ich  rece ived  P C P A  or 5, 6 - D H T  h a d  a 
m e a n  va lue  of 39.09 a n d  38.83 ~ re spec t ive ly  (p > 0.05). 

I n  c o n t r a s t  to  t he  resu l t s  o b t a i n e d  w i t h  P C P A  b y  
GIARMAN et  al. 11 a n d  MASEK, I~AgKOVA and  t~OTTA 12, t h e  
F igure  shows how, u n d e r  our  e x p e r i m e n t a l  condi t ions ,  
P C P A  as well  as 5 , 6 - D H T  p r e t r e a t m e n t  was u n a b l e  to  
mod i fy  t h e  h y p e r t h e r m i c  response  induced  b y  Pyr i fe r  VI I .  

The  levels of t he  amines  were d e t e r m i n e d  in t h e  hypo-  
t h a l a m u s ,  in t he  res t  of t he  b r a i n  and,  in  t he  case of 
5-HT, also in b lood pla te le ts ,  5 h a f t e r  py rogen  admin i s -  
t r a t i on .  

The  resu l t s  are s h o w n  in t h e  Tab le :  5, 6 - D H T  reduced  
the  5 -HT c o n t e n t  in  t he  h y p o t h a l a m u s  a n d  in t he  res t  of 
t he  b r a i n  to  a b o u t  60% of t he  con t ro l  va lue ,  whereas  t h e  
n o r e p i n e p h r i n e  a n d  d o p a m i n e  levels were on ly  s l igh t ly  
modif ied.  The  cen t r a l  se ro ton in  dep le t ion  induced  b y  
P C P A  t r e a t m e n t  was  also qu i te  specific a n d  even  more  
p r o n o u n c e d  (60 -70% deple t ion) .  F u r t h e r m o r e ,  P C P A  
was able  to  reduce  t h e  5 -HT levels in b lood p la te le t s  
f rom 97 • 10 .6 q- 10 to  35 • 10 .6 4- 6 m m o l e s / m g  p ro t e in  
(64% deplet ion) .  

I n  s u m m a r y ,  our  resu l t s  do n o t  seem to  s u p p o r t  t he  
h y p o t h e s i s  t h a t  5 -HT p lays  a n  i m p o r t a n t  role in t he  
h y p e r t h e r m i c  response  induced  b y  pyrogens  ill r abb i t s .  
I n  fact ,  a se lect ive  r e d u c t i o n  of 5 -HT h y p o t h a l a m i c  
levels i nduced  b y  P C P A  or b y  5, 6 - D H T  p r e t r e a t m e n t s ,  
d id  no t  mod i fy  s ign i f i can t ly  py rogen  h y p e r t h e r m i a .  
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Altered Brain Cyclic A M P - R e s p o n s e s  in Rats  Reared in Enriched or I m p o v e r i s h e d  E n v i r o n m e n t s  
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Summary. The  accum ul a t i on  of r ad ioac t ive  cyclic A M P  elici ted b y  va r ious  n e u r o h o r m o n e s  has  been  e x a m i n e d  in ade-  
n ine- labe led  t e l encepha lon  slices f rom r a t s  ra ised  in en r i ched  or impove r i shed  e n v i r o n m e n t s .  Basa l  levels o i  cyclic 
A M P  a n d  responses  of t he  b r a i n  slice cyclic A M P - g e n e r a t i n g  sys t ems  to  no rep inephr ine ,  i sopro te renol  a n d  adenos ine  
did  n o t  differ  b e t w e e n  t h e  two  g roup  of rats ,  whi le  responses  to  p r o s t a g l a n d i n  E I were s ign i f i can t ly  g rea te r  w i t h  t he  
i m p o v e r i s h e d  g roup  and  responses  to  h i s t a m i n e  appea red  to  be g rea te r  w i t h  t he  enr iched  group.  

B r a i n  cyclic A M P - g e n e r a t i n g  sys tems  h a v e  been  s h o w n  
to  be  capab le  of a d a p t i v e  responses  to  chron ic  a l t e r a t i ons  
in  s y n a p t i c  i n p u t  2. Thus ,  w h e n  neocor t ica l  levels of t he  
n e u r o t r a n s m i t t e r ,  no rep inephr ine ,  are ch ron ica l ly  de-  
p le t ed  b y  reserpine ,  6 - h y d r o x y - d o p a m i n e  or lesions of t i le 
med ia l  fo rebra in  bundle ,  t h e  p o s t s y n a p t i c  no r ep i neph r ine -  
sens i t ive  cyclic A M P  sys t ems  of t he  neoco r t ex  b e c o m e  
hype r - r e spons ive3 -L  Similar ly ,  r e d u c t i o n  of neocor t i ca l  
levels of h i s t a m i n e  a n d  se ro ton in  b y  lesions of t he  m e d i a l  
fo reb ra in  b u n d l e  resu l t s  in  hype r - r e spons iveness  of h i s t -  
a m i n e  a n d  p r o b a b l y  se ro ton in - sens i t ive  cyclic A M P -  
sys t ems  in r a t  cor t ica l  slices 7. Conversely ,  t r e a t m e n t s  w i t h  

d rugs  such  as a m p h e t a m i n e ,  ch lo rp romaz ine ,  de s ip ramine  
a n d  i m i p r a m i n e  wh ich  increase  p o s t s y n a p t i c  ava i l ab i l i t y  
of n o r e p i n e p h r i n e  r e su l t  in a sub - sens i t i v i t y  of b r a i n  slice 
cyclic A M P - s y s t e m s  to no rep ineph r ine  s -n .  Thus ,  in- 
ve s t i ga t i on  of t he  respons iveness  of cyclic A M P - g e n e r a t i n g  
sys t ems  in b r a i n  slices would  a p p e a r  to  p rov ide  a va luab l e  
m e t h o d  for  p r o b i n g  t he  effects of chron ic  d rug  or en- 
v i r o n m e n t a l  m a n i p u l a t i o n s  on  t he  s y n a p t i c  a c t i v i t y  of 
d i f fe ren t  n e u r o t r a n s m i t t e r  p a t h w a y s  in t he  cen t r a l  ner-  
vous  sys tem.  

R a t s  ra i sed  in en r i ched  versus  impove r i shed  env i ron-  
m e n t s  h a v e  been  s h o w n  to  cons i s t en t ly  differ  in a n u m b e r  
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Cyclic AMP formation in telencephalon slices from rats raised in 
enriched (EC) or impoverished (IC) environments 

Agent No. of 
pairs of rats 

Cyclic AMP (% conversion) 

IC EC 

None 5 0.26 -1- 0.02 0.31 ~ 0.09 
Norepinephrine 6 3.75 -4- 0.41 3.58 • 0.39 
Isoproterenol 6 1.90 • 0.34 2.36 ~ 0.30 
Adenosine 6 2.31 • 0.24 1.99 • 0,12 
Prostaglandin E 1 7 2.24 -t- 0.19 1.51 • 0.27" 
Histamine 8 0.58 ~ 0.08 0.80 ~_ 0.12 

In 8 separate experiments, telencephalon slices from pairs of EC and 
IC rats were divided into several portions and incubated with agents 
for 20 min. All agents were at 100 [xM. ~p < 0.01, two-tail matched 
pair t-test. 

of ana tomica l  and biochemical  bra in  pa rame te r s  (cf. ref. 1~ 
and  ref. therein).  We have  now examined  the  effects of 
env i ronmen ta l  en r i chmen t  versus i m p o v e r i s h m e n t  on the  
responsiveness  of bra in  slice cyclic AMP-genera t ing  sys- 
t ems  to var ious  neu ro t r ansmi t t e r s  and  modula tors .  

Methods .  Male weanl ing  ra ts  (Sprague-Dawley,  ob- 
t a ined  f rom NIH)  were reared under  previous ly  descr ibed 
condi t ions  12. 

Enr i ched  condi t ions  (EC): Groups of 8 r a t s  were 
housed  in wire mesh  cages ( 2 5 " • 2 1 5  and  fed ad 
l ibi tum.  E a c h  cage con ta ined  4 ' toys '  ( test  tube  racks, 
wire tunnels ,  jars, wooden  blocks, etc.) which  were chang-  
ed daily.  5 days  each week the  ra t s  were allowed to ex- 
plore for 30-45 min a Hebb-Wi l l i ams  field maze in which  
the  barr iers  w e r e  changed daily. 

Impove r i shed  condi t ions  (IC): Ra t s  were housed  
indiv idual ly  in opaque  cages (11" • 8" • 8") and fed ad 
l ibi tum. R a t s  were hand led  only  br ief ly once a week, 
while changing l i t ter  and adding  food. IC ra ts  were kep t  
in same r o o m  as EC rats,  bu t  ill an area screened f rom 
direct  ligl~t. 

Af te r  30-60 days  of control led env i ronment ,  EC and IC 
ra ts  were sacrificed in pai rs ;  the i r  bra ins  rap id ly  removed,  
and the  te lencepha lon  chopped  on a McIlwain  t issue 
chopper  (260 tzm spacing). Telencephalon  slices were in- 
cuba ted  for 20 min a t  37 ~ in Krebs -R inge r  b ica rbona te  
m e d i u m  aera ted  wi th  t95% O2-5 % CO2, collected b y  
pour ing  over  nylon mesh  and  t r ans fe r red  to med ium con- 
t a in ing  13 ~xM [14C 1 adenine  (10 ~Ci) for an incubat ion  of 
45 min.  Slices were washed  twice,  collected on nylon 
mesh,  incuba ted  in fresh m e d i u m  for 20 min,  collected, 
and  div ided in equal  por t ions  which  were placed in sep- 
a ra te  beakers.  Agents  under  s t u d y  were added  to each 
beaker  and af ter  20 min incubat ions  w i th  these  agents  
were t e r m i n a t e d  by  collection of slices on nylon mesh  and 
homogen iza t ion  in cold 5% tr ichloroacet ic  acid. The per- 
cen t  convers ion of to ta l  r ad ioac t iv i ty  in the  slice to radio- 
act ive cyclic AMP was de t e rmined  as previous ly  describ-  
ed la except  t h a t  Dowex and  a lumina  column chromatogra -  
p h y  as descr ibed by  SALOMAN et al. 14 was used for isola- 
t ion of radioact ive  cyclic AMP. This  prelabel ing t echn ique  
wi th  r a t  b ra in  slices has been shown to give resul ts  com- 
p le te ly  comparab le  under  a va r i e ty  of condi t ions  to  those  
ob ta ined  by  m e a s u r e m e n t  of endogenous  levels of cyclic 
AMP ~, 15-IL 

Resu l t s  a n d  d i scuss ion .  Telencephalon  slices were in- 
cuba ted  wi th  5 agents  which  produce  modera te  to large 
s t imula t ion  of cyclic AMP format ion  in ra t  bra in  slices. 
A l though  no s t anda rd  e n v i r o n m e n t  ra ts  were included as 

controls  in this  s tudy,  s t imula ted  accumula t ions  of cyclic 
AMP were similar  to those  found in numerous  pr ior  
inves t iga t ions  a, s, ~, is. No s ignif icant  differences were 
found be tween  EC and  IC ra ts  in basal  levels of cyclic 
AMP or in the  accumula t ions  of cyclic AMP elicited b y  
max imal ly  effective concen t ra t ions  of norepinephr ine ,  
isoproterenol ,  or adenosine  (Table). However ,  p ros ta -  
g landin  E 1 (PGE1) p roduced  a 60% greater  accumula t ion  
of cyclic AMP in IC bra in  slices t h a n  in EC slices. This 
resul t  was h igh ly  Significant (p < 0.01); in each of the  
seven separa te  expe r imen t s  the  IC bra in  slices were more  
responsive  to  P G E  v The accumula t ion  of cyclic A M P  
elicited in bra in  slices f rom EC ra ts  by  P G E  1 appeared  
comparab le  to t h a t  observed  previous ly  wi th  s t an d a rd  
e n v i r o n m e n t  Sprague-Dawley  ra ts  15. In  contras t ,  cyclic 
A M P  s t imula t ion  b y  h i s t amine  averaged 70% higher  in 
EC t h a n  in IC te lencepha lon  slices. However ,  in b o t h  
groups of animals,  the  s t imula t ion  p roduced  by  h i s tamine  
was so small  t h a t  the  var iab i l i ty  prec luded f i rm conclu- 
sions abou t  the  s ignif icante  of this  EC versus  IC differ- 
ence. I t  would appear  to the  h i s tamine- response  in IC ra ts  
was comparab le  to t h a t  observed previous ly  in th is  
l abora to ry  wi th  s t an d a rd  e n v i r o n m e n t  Sprague-Dawley  
ra ts  7. 

In  the  p resen t  exper iments ,  cyclic AMP fo rmat ion  was 
normal ized  for differences in t issue concen t ra t ions  by  
dividing by  the  up take  of to ta l  I~4C]radioactivity in each 
sample.  Conceivably,  the  EC versus IC differences m i g h t  
r ep resen t  d i f fe rent  incorpora t ion  of r ad ioac t iv i ty  into 
precursor  co mp a r t men t s .  However ,  when  normal iza t ion  
was ins tead  accompl ished b y  dividing by  pro te in  con- 
cen t ra t ion  in each sample  the  same EC-IC differences 
were a p p a r e n t  (data no t  shown).  Thus, these  a l te ra t ions  
m u s t  r epresen t  e i ther  enhanced  ac t iv i ty  of p ros tag land in-  
sensi t ive adeny la te  cyclases or decreased ca tabol i sm of 
cyclic AMP in th is  c o m p a r t m e n t  by  phosphodies te rase .  

The bra ins  of EC and IC ra ts  have  been  shown to  
differ in a n u m b e r  of pa rame te r s :  dens i ty  of cort ical  
synap t ic  dendri tes ,  n u m b e r  and size of synap t i c  connec-  
t ions, R N A  to D N A  ratios,  glial to  neuron  ratios,  and  
act ivi t ies  of acetylchol ines terase  and chol ineacetylase  12. 
The mechan i sms  by  which  these  differences develop and 
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t he i r  f unc t iona l  s ignif icance h a v e  no t  been  de t e r m i ned .  I t  
h a s  been  sugges ted  t h a t  enr iched  e n v i r o n m e n t s  would  
g rea t ly  e x p a n d  l ea rn ing  experience,  a n d  these  changes  
m i g h t  ref lect  n e u r o n a l  a l t e r a t ions  assoc ia ted  w i t h  learn-  
ing 12. The  b r a i n  slice cyclic A M P  s y s t e m  is a logical  
ex t ens ion  of these  s tud ies  because  i ts  r espons iveness  has  
been  s h o w n  to  unde rgo  a d a p t a t i o n  to  a l t e red  synap t i c  
i n p u t  in  vivo.  F u r t h e r m o r e ,  t he  a c t i v i t y  of neu roho r -  
mone- sens i t i ve  cyclic A M P - g e n e r a t i n g  sys t ems  would  be  
expec t ed  to increase  w i t h  n u m b e r  of s y n a p t i c  concen t r a -  
t ions .  However ,  mos t  EC-IC differences in  b r a i n  pa ra -  
me te r s  h a v e  been  r epo r t ed  to be  qu i te  smal l  ( <  10%) ;  
such  smal l  dif ferences  in synap t i c  n u m b e r s  would  p rob-  
ab ly  n o t  be  de t ec t ab l e  in  t he  b r a i n  slice sys tem.  The  com- 
p a r a t i v e l y  large (60-70%)  a l t e r a t i ons  seen here  in re- 
spons iveness  of cyclic A M P - g e n e r a t i n g  sys t ems  suggests  

t h a t  e n v i r o n m e n t a l  e n r i c h m e n t  m a y  be  a l t e r ing  chron ic  
f u n c t i o n a l  s y n a p t i c  a c t i v a t i o n  of a d e n y l a t e ' c y c l a s e s  
respons ive  to ce r t a in  p u t a t i v e  n e u r o h o r m o n e s ;  i.e., 
p r o s t a g l a n d i n  and  h i s t amine .  This  poss ib i l i ty  would  no t  
be  u n i q u e  : a l t e r a t i ons  in e n v i r o n m e n t a l  l i gh t ing  h a v e  been  
shown to con t ro l  no rad rene rg ic  i n p u t  to  t he  p inea l  
gland,  p roduc ing  co r re spond ing  hype r - r e spons iveness  or 
hypo- re spons iveness  of p o s t - s y n a p t i c  cyclic A M P  s y s t e m  is. 
Possible  cor re la t ions  of hype r -  a n d  hypo- sens i t i ve  b r a i n  
cyclic A M P  sys t ems  in EC a n d  IC r a t s  w i t h  b e h a v i o r a l  
profi les and  d rug  effects on  b e h a v i o r  are u n d e r  inves t iga-  
t ion.  

18 j .  AXELROD, Science 78d, 1341 (1974}. 

Brain Glycogen Following Experimental Cerebral Ischemia in Gerbils (Meriones unguiculatus) 
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Summary. Cort ica l  g lycogen levels decreased a f te r  b o t h  1 and  3 h of un i l a t e ra l  ischemia.  Af te r  i h of rec i rcula t ion ,  t h e  
levels of g lycogen were res to red  to con t ro l  va lues  in b o t h  groups.  Subsequen t ly ,  g lycogen increased  above  n o r m a l  levels 
a f te r  1 week  of rec i rcu la t ion  in the  1 h ischemic group,  and  a f t e r  5 h in t he  3 h i schemic  group.  Thus ,  t he  onse t  of t he  
excess glycogen a c c u m u l a t i o n  appea r s  to  be d e p e n d e n t  on  t he  i n t e n s i t y  of t he  ischemic insul t .  

Glycogen  a c c u m u l a t i o n  in t he  cen t r a l  ne r vous  s y s t e m  is 
a c o m m o n  occurrence  fol lowing a v a r i e t y  of b r a i n  in- 
juries.  A b n o r m a l  depos i t s  of glycogen h a v e  been  shown  in 
t r a u m a t i z e d  b ra ins  w h e t h e r  the  t i ssue  showed  his to log-  
ical ev idence  of i n j u r y  2-7 or notS, 9. H i s tochemica l  in- 
ve s t i ga t i ons  h a v e  d e m o n s t r a t e d  t h a t  t he  glycogen de- 
pos i ts  fol lowing b r a i n  i n j u r y  were localized p r i m a r i l y  in  
t he  a s t rocy te s  a n d  neuropi110,11. 

The  suscep t ib i l i ty  of Mongol ian  gerbils  (Meriones 
unguiculatus) to  un i l a t e r a l  i s chemia  has  p rov ided  a 
su i t ab le  model  for t h e  b iochemica l  i nves t i ga t i on  of pro-  
longed ischemia,  and  also t he  l ong - t e rm  r e c o v e r y  pro- 
cessl~, la. Us ing  ti le gerbi l  model ,  ITO e t  al. la h a v e  shown  
his to logica l ly  t h a t  ce r t a in  pa tho log ica l  changes  in b r a i n  
appea red  ill t h e  pos t - i schemic  period.  F u r t h e r ,  t h e  
ev idence  ind ica t ed  t h a t  t he  t i m e  of a p p e a r a n c e  of these  
his to logical  changes  in t he  pos t - i schemic  per iod is re la ted  
to t he  l e n g t h  of t h e  i schemic  insu l t ;  t h e  br ie fe r  t he  per iod  
of i schemia,  t h e  longer  t h e  i n t e r v a l  before  pa tho log ica l  
changes  occur. The  re l a t ionsh ip  b e t w e e n  t he  d u r a t i o n  of 
i schemia  and  t h e  d e v e l o p m e n t  of a de t ec t ab l e  lesion has  
been  descr ibed  as t he  m a t u r a t i o n  p h e n o m e n o n l 4 .  

I n  t h i s  s t u d y  we d e m o n s t r a t e  t h a t  t he  onse t  of pos t -  
i schemic  a c c u m u l a t i o n  of glycogen also depends  on  t he  
d u r a t i o n  of t he  ischemic episode. The  resu l t s  p rov ide  bio-  
chemica l  ev idence  for t he  ex is tence  of the  m a t u r a t i o n  
p h e n o m e n o n .  

Materials and methods. Mongol ian  gerbils  (Tumble-  
b r o o k  F a r m ,  W e s t  Brookfield ,  Mass.) we igh ing  50 60 g 
were a n e s t h e t i z e d  w i t h  sod ium p e n t o b a r b i t a l  (35 mg/kg ,  
i.p.) a n d  t h e  un i l a t e r a l  i schemia  was p roduced  b y  occlud-  
ing t he  lef t  c o m m o n  ca ro t id  a r t e r y  w i t h  an  a n e u r y s m  
clip. Those  an ima l s  exh ib i t i ng  neurologica l  s y m p t o m s  of 
ce rebra l  infarct ion15 a t  1 or 3 h of i schemia  were e i t he r  
f rozen i m m e d i a t e l y  in  l iquid  n i t rogen  or a t  t imes  r ang ing  
f rom 1 h to  1 week  a f te r  t h e  clip was removed .  T he  ou te r  
2-3  m m  of ce rebra l  cor tex  ips i la te ra l  and  con t ra la te ra l "  

to  the  occluded a r t e r y  was excised s epa ra t e ly  in a c r y o s t a t  
m a i n t a i n e d  a t  20 ~ S h a m - o p e r a t e d  an ima l s  were used 
for t he  con t ro l  levels of glycogen.  The  frozen t i ssue  was 
e x t r a c t e d  in 0.03 N HC1 and  t he  glycogen was m e a s u r e d  
enzymica l ly  accord ing  to t he  m e t h o d  of PASSONNEAU a n d  
LAUDERDALE 16. The  p ro t e in  c o n c e n t r a t i o n s  were deter -  
m ined  accord ing  to  LowRY et  al.lL S ta t i s t i ca l  s ignif icance 
was d e t e r m i n e d  b y  t he  S t u d e n t ' s  t- test .  
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