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frogs. Since th i s  decrease  of g lycogen c o n t e n t  in  t he  frog 
l iver  was  obse rved  in a u t u m n  (November ) ,  a t  a t i m e  
w h e n  - in  a g r e e m e n t  w i t h  o t h e r  a u t h o r s  - we h a v e  found  
a cons iderab le  g lycogen a c c u m u l a t i o n  in severa l  exper i -  
m e n t s  6, we h a v e  r e p e a t e d  t h e  e x p e r i m e n t  in  Spr ing  
(April). I n  t h e  r epea t ed  expe r imen t ,  a f t e r  orot ic  acid 
t r e a t m e n t  a s l ight  b u t  n o t  s ign i f ican t  decrease  of g lycogen 
c o n t e n t  in  t h e  l iver  was  ob ta ined .  

The  obse rva t i on  of some a u t h o r s  t h a t  insu l in  enhances  
t h e  a c t i v i t y  of g lycogen s y n t h e t a s e  7-9, a n d  t he  f ind ing  
t h a t  a l loxan  d iabe tes  c an  be  no rma l i zed  b y  orot ic  acid ~0, 
ra ises  t h e  poss ib i l i ty  t h a t  orot ic  acid m a y  s t i m u l a t e  
g lycogen a c c u m u l a t i o n  t h r o u g h  insu l in  secre t ion  as well. 
Since a n  i m p o r t a n t  role is a t t r i b u t e d  to  leucine in t he  
p r o d u c t i o n  of insulin,  and  i t  is k n o w n  t h a t  leucine in- 
f luences t h e  b lood  sugar  l eve l ,  even  if i ts  role in g lycogen 
p r o d u c t i o n  is st i l l  d iscussed n-~v, we h a v e  i n v e s t i g a t e d  
t he  effect  of DL-leucine on  t h e  glycogen level  of t h e  
a n i m a l  species m e n t i o n e d  above,  b y  g iv ing  DL-leucine 
a lone  and  t o g e t h e r  w i t h  orot ic  acid. 

As can  be  seen f rom t h e  Figure,  in a l m o s t  all  a n i m a l  
species DL-leucine inf luenced,  in  one w a y  or in o ther ,  t h e  
effect  of orot ic  acid. W i t h  r a t s  a n d  ca t f i sh  DL-leucine 
depressed  t h e  l iver  g lycogen level  increased  b y  orot ic  
acid. On t h e  o t h e r  h a n d ,  g lycogen c o n t e n t  in  t h e  l iver  of 
mice  a u g m e n t s  cons ide rab ly  on  c o m b i n e d  orot ic  acid 
and  DL-leucine t r e a t m e n t  as c o m p a r e d  to  t h e  l iver  gly- 
cogen c o n t e n t  of an ima l s  t r e a t e d  on ly  w i t h  orot ic  acid. 
I t  is also r e m a r k a b l e  t h a t  in  frogs DL-leucine m o d e r a t e s  
t he  decrease  of g lycogen level  due  to  orot ic  acid.  Usual ly ,  
c o m b i n e d  a d m i n i s t r a t i o n  of orot ic  acid a n d  DL-leucine 
exer t s  a c o n t r a r y  effect  on  l iver  g lycogen of t he  species 
s tudied ,  as c o m p a r e d  to  t h e  va lues  o b t a i n e d  in cont ro ls  
a n d  orot ic  acid t r e a t e d  animals .  Therefore ,  i t  m a y  be  

supposed  t h a t  b o t h  subs t ances  h a v e  a n  inf luence  on  
glycogen s y n t h e t a s e  e n z y m e  as well. I t  is i n t e r e s t i ng  t h a t  
genera l ly  t he  s i m u l t a n e o u s  a d m i n i s t r a t i o n  of orot ic  acid 
and  DL-leucine f avours  t he  a c c u m u l a t i o n  of glycogen,  
even  if t h i s  a c c u m u l a t i o n  is n o t  a lways  of h igh  degree. 

A l t h o u g h  DL-valine differs in one CH2-grou p f rom DL- 
leucine,  s t i l l  i t  exer t s  a f u n d a m e n t a l l y  d i f fe ren t  effect  on  
l iver  g lycogen in ce r t a in  species, b o t h  in c o m b i n a t i o n  
w i t h  orot ic  acid or g iven  alone, t h a n  does DL-leucine. 

F r o m  t h e  resul t s  o b t a i n e d  i t  m a y  be  c o n c l u d e d  t h a t  
a m i n o  acids c o n t a i n i n g  an  SH-g roup  m a y  p l ay  an  im- 
p o r t a n t  role in  t he  p r o d u c t i o n  of glycogen,  p r o b a b l y  as 
e n z y m e  componen t s .  I n  add i t i on  to  t he  s t i m u l a t o r y  ef- 
fect  of L-cysteine on  glycogen p r o d u c t i o n  (even w i t h  
frogs t he  decrease  of g lycogen due  to  cys te ine  t r e a t m e n t  
is n o t  s ignif icant) ,  i t  also modif ies  t he  effect  of orot ic  acid 
in  a l m o s t  all  species s tudied .  
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Summary. Sero ton in  per  se, r a t h e r  t h a n  i ts  metabo l i t e s ,  was  shown  to  p roduce  h y p o t h e r m i a  in mice. This  effect  was 
m e d i a t e d  w i t h i n  t h e  CNS a n d  could  be  a t t e n u a t e d  b y  me thyse rg ide .  

The  i n v o l v e m e n t  of t he  cen t r a l  se ro tonerg ic  s y s t e m  in 
neu ra l  r egu la t ion  of b o d y  t e m p e r a t u r e  in  m a m m a l s  ha s  
been  t h e  sub j ec t  of n u m e r o u s  r epo r t s  (for rev iew see 
MYERS3). Severa l  po in t s  of c o n t r o v e r s y  are  read i ly  ap-  
p a r e n t  w i t h i n  t h e  l i t e ra tu re .  T he  m a j o r  p o i n t  ha s  been  
t h e  lack of a g r e e m e n t  as to  w h e t h e r  se ro ton in  ac t s  in  t h e  
CNS to  p roduce  a h y p o t h e r m i c  or h y p e r t h e r m i c  response  
in  core t e m p e r a t u r e .  M a n y  of t he  s tudies  a imed  a t  eluci- 
d a t i n g  th i s  p o i n t  h a v e  used  i n t r a c e r e b r a l  a d m i n i s t r a t i o n  
of s e ro ton in  a n d  m o n i t o r e d  rec ta l  t e m p e r a t u r e  ~-7, a n d  
lack of a g r e e m e n t  b e t w e e n  s t u d i e s  ha s  been  a t t r i b u t e d  
to  species differences*,  5, a n d  locale a n d  rou t e  of ad-  
min i s t r a t ion6 ,  ~. A n o t h e r  possible  e x p l a n a t i o n  for t he  
con t rove r s i a l  resu l t s  ha s  been  i n t r o d u c e d  b y  BAROFSKY 
a n d  FELDSTEIN S. The i r  s tud ies  i nd i ca t e  t h a t  t h e  se ro ton in  
m e t a b o l i t e  5 - h y d r o x y t r y p t o p h o l  p roduces  h y p o t h e r m i a  
in mice. T:he poss ib i l i ty  t h u s  ar izes t h a t  5 -HT m a y  pro-  
duce  h y p e r t h e r m i a  whi le  i ts  m e t a b o l i t e s  p roduce  hypo-  
t he rmia .  The  convers ion  in b r a i n  of exogenous ly  ad-  
min i s t e r ed  5 -HT to  a m e t a b o l i t e  wh ich  also m o d u l a t e s  
t e m p e r a t u r e  m a y  be  respons ib le  for  some of t he  con-  

f l ic t ing resul ts .  Our  s tud ies  were, therefore ,  a imed  a t  
e luc ida t ing  w h e t h e r  t h e  effects of 5-HT, a d m i n i s t e r e d  
in to  t he  CNS, were a resu l t  of t h e  ac t ion  of t he  amine  or 
p r i m a r i l y  due  to  i ts  metabo l i t e s .  

Materials and methods. C57B1/6J male  mice, 60-80 
days  old, were used for  all  expe r imen t s .  Fo r  a t  leas t  6 
days  p r io r  to  in ject ions ,  mice were housed  in a cont ro l led  
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Fig. 1, I~ice were injected intraventricularly with either artificial 
CSF (n = 6, Q--@) or artificial CSF containing 5-HT, 2.5 nmoles 
(n = 6, A--A) or 25.0 nmoles (n = 6, [~--D) or 5-HIAA, 25.0 
nmoles (n = 6, �9169 o)r 5-HTOL 125.0 nmoles (n = 6, i - - i ) .  
Rectal temperature was recorded just prior to injection and at the 
various times thereafter. Results are expressed as change from 
preinjection temperature • SD. Standard deviations are not in- 
cluded with certain points to facilitate the presentation of the data. 
*p < 0.05; **p < 0.01 compared to animals receiving only artificial 
CSF. 
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Fig. 2. In experiment I (n = 6, 0--O) serotonin 2.5 nmoles was 
injected intraventrieularly at time 0. In experiment II (n = 6, 
A -- &) pargyline 75 mg/kg was injected i.p. at time 0. In experiment 
I n  (n = 6, i - i )  pargyline, 75 mg/kg was injected i.p. at time 0 
and 30 mill following the injection of pargyline (~), serotonin 2.5 
nmoles was injected intraventricularly. Temperature was recorded 
immediately prior to injection and at various times thereafter. 
Results are expressed as change from the preinjection temperature 
• SD. **p < 0.001; *p < 0.01 compared to animals tr<eated only 
with pargyline. 

e n v i r o n m e n t  w i th  a 700-1900 h l ight  cycle and  a t  a 
t e m p e r a t u r e  of 22 =k 1 ~ wi th  ad l ib i tum access to food 
and  water .  All expe r imen t s  were pe r fo rmed  a t  22 • 1 ~ 
and  were in i t ia ted  a t  1000 h. All chemicals  were of t he  
h ighes t  commerc ia l ly  available qual i ty .  Serotonin  creat i-  
nine sulfate,  5-hydroxyindoleace t ic  acid, and  creat in ine  
sulfate were ob ta ined  f rom Sigma Chemical  Co. l~egis 
Chemical  Co. suppl ied the  5 -hydroxy t ryp topho l ,  and  
Sandoz Pha rmaceu t i ca l  Co. suppl ied  the  Sanser t  | 
(methysergide) .  Pargyl ine  w, as k indly  d o n a t ed  b y  A b b o t t  
Laborator ies .  Drugs for i .p.  in jec t ion  were dissolved in 
sodium chloride (USP),  and  admin i s t e red  in a volume of 
0.1 ml  per  10 g of mouse.  Drugs admin i s t e red  in t ra-  
vent r icu lar ly  were con ta ined  in art if icial  CSF,  MERLIS 9 
solut ion p H  7.4, and  were admin i s t e red  in 10 ~1 to ta l  
volume.  In t r aven t r i cu l a r  in ject ions  were pe r fo rmed  b y  
m e t h o d s  used previous ly  in our  laboratories1~ 11 and  the  
si te of in ject ion was de te rmined  in a separa te  group of 
exper iments  b y  inject ion of me thy lene  blue. 

Rec ta l  t e m p e r a t u r e  was mon i to red  using a Tele- 
T h e r m o m e t e r  (Yellow-Springs I n s t r u m e n t  Co.). The 
lubr ica ted  t h e r m o m e t e r  probe  was inser ted  2.0 cm into 
t he  r ec t u m and  the  i n s t r u m e n t  was al lowed to stabil ize 
app rox ima te ly  30 sec before t he  read ing  was noted .  As- 
says for monoamine  oxidase  ac t iv i ty  were pe r fo rmed  as 
descr ibed b y  TABAKOFF and  ALIVISATOS 12. S ta t i s t ica l  
significance of the  resul ts  was calculated using the  s tu-  
den ts  t - tes t  and  a p-value  of 0.05 or less served as cr i ter ion 
for significance. 

"Results and discussion. In t r aven t r i cu l a r  in jec t ion  of 
sero tonin  creat in ine  sulfate (5-HT) p roduced  a dose 
d e p e n d e n t  drop  in t he  rectal  t e m p e r a t u r e  of t he  animals  
(Figure 1). The t e m p e r a t u r e  r e tu rned  to  wi th in  t he  
normal  range in ap p ro x i ma t e l y  1 h af ter  t he  admin i s t ra -  
t ion  of 5-HT. No signif icant  change f rom pre in jec t ion  
t e m p e r a t u r e  was no ted  in animals  receiving in t raven t r i e -  
ular in ject ions  of iV~ERLIS solut ion or MEI~LIS solut ion 
conta in ing  creat in ine  sulfate (25 n moles/10 ~1). An i .p.  
in ject ion of 25 nmoles  5-HT had  no effect  on recta l  t em-  
pera tu re  ind ica t ing  a cent ra l  ac t ion of in t raven t r i cu la r ly  
in jec ted  5-HT. In  con t r a s t  to  t he  h y p o t h e r m i a  p roduced  
by  in t raven t r icu la r  in ject ion of 5-HT, no change  in 
rectal  t e m p e r a t u r e  was found  when  5 -HIAA (25 nmoles) 
or 5 -HTOL in doses of 2.5, 25, or 125 nmoles  per  mouse  
were in jec ted  in t raven t r i cu la r ly  (Figure 1). F u r t h e r  evi- 
dence to  impl ica te  5-HT, r a the r  t h a n  its metabol i tes ,  as 
t he  agent  responsible  for the  h y p o t h e r m i a  was ob ta ined  
b y  p re t r ea t ing  animals  w i t h  a monoamine  oxidase in- 
hibi tor ,  pargyline,  prior  to t he  in t r aven t r i cu la r  adminis -  
t r a t i on  of the  amine.  Such p r e t r e a t m e n t  grea t ly  enhanced  
the  h y p o t h e r m i a  p roduced  b y  low doses of 5-HT (Fig- 
ure 2). The admin i s t r a t ion  of pargyl ine  (75 mg/kg) i .p.  
30 rain before sacrif icing the  an imal  was found  to  resul t  
in a 91 • 5% (n = 3) inhib i t ion  of bra in  MAO act iv i ty .  
Thus,  a block in t he  ma jo r  metabol ic  p a t h w a y  for 5-HT 
po ten t i a t e s  r a the r  t h a n  blocks the  effect  of in t r aven t r i c -  
ularly admin i s t e red  5-HT. The h y p o t h e r m i a  p roduced  b y  
i.p. in ject ion of pargyl ine  m a y  also reflect  t he  accumula-  
t ion of endogenous  5-HT wi th in  t he  t e m p e r a t u r e  regulat-  
ing centers  of brain.  Studies  in our  l abo ra to ry  (TABAI~OFF 
and MosEs, unpubl i shed  observat ions)  indicate  a l inear 
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increase  in 5 -HT levels in  mouse  b ra in ,  r each ing  188% 
of n o r m a l  levels 45 m i n  a f t e r  an  i. p. i n j ec t ion  of pargyl ine .  

The  a d m i n i s t r a t i o n  of m e t h y s e r g i d e  to  mice  (Figure  3) 
r e su l t ed  in a p ro longed  h y p e r t h e r m i a  w h i c h  fol lowed t h e  
in jec t ion  ar t i fac t .  Th i s  h y p e r t h e r m i a  did  not ,  however ,  
r each  s t a t i s t i ca l  s ignif icance.  On t he  o t h e r  h a n d ,  w h e n  
m e t h y s e r g i d e  was in j ec t ed  i n~ raven t r i cu l a r ly  concomi-  
t a n t l y  w i t h  5 -HT (25 nmoles)  i t  s ign i f i can t ly  a t t e n u a t e d  
t h e  h y p o t h e r m i a  p roduced  b y  5 -HT (Figure 3). The  b lock  
of t h e  h y p o t h e r m i c  response  to  5 -HT b y  me thyse rg ide ,  
wh ich  ha s  been  s h o w n  to  be  a 5 -HT recep to r  b locker  in  
t h e  CNS 13, a g a i n  ind ica tes  t h a t  t h e  5-HT induced  h y p o -  
t h e r m i a  is p r o b a b l y  a d i rec t  ef fec t  of t h i s  a m i n e  on  
cen t r a l  se ro tonerg ic  receptors .  The  d a t a  o b t a i n e d  w i t h  
m e t h y s e r g i d e  would  also w e a k e n  t he  a r g u m e n t  t h a t  t h e  
effects  of i n t r a v e n t r i c u l a r l y  in j ec ted  5 - H T  would  be  
m e d i a t e d  b y  a d i s p l a c e m e n t  of o t h e r  a m i n e s  (e. g., ca te-  
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Fig. 3. ~ethysergide, 20 nmoles (n = 4, O--O), or serotonin, 25 
nmoles(n = 6, m--II), or a solution containing both methysergide 
and serotonin at these same dose levels (n = , - - A )  in artificial CSF, 
were injected intraventricularly in mice. Rectal temperature was 
recorded just prior to injection and at various times thereafter and 
results are expressed as change from preinjeetion temperature 
SD. **p < 0.001; *p < 0.05 as compared to animals receiving 
serotonin and methysergide. 

cholamines)  f rom s torage  sites. The  poss ib i l i ty  r ema ins  
t h a t  t h e  loca t ion  of va r ious  recep tors  for  5 -HT m a y  p l ay  
a p r i m a r y  role in  d e t e r m i n i n g  w h e t h e r  t h e  response  to  
i n t r a c e r e b r a l  a d m i n i s t r a t i o n  of 5 -HT is h y p o -  or h y p e r -  
t h e r m i a .  Severa l  s tud ies  14,1~ h a v e  i nd i ca t ed  t h a t  5 -HT 
in jec ted  in to  ce rebra l  ventr ic les ,  reaches  on ly  a l imi ted  
d i s t r i b u t i o n  in t i ssue  s u r r o u n d i n g  t he  v e n t r i c u l a r  s y s t e m  
in b ra in .  A l t h o u g h  m o s t  of t h e  5 -HT sens i t ive  t h e r m o -  
r e g u l a t o r y  areas  h a v e  been  found  to  reside in t h e  a rea  of 
t he  t h i r d  ven t r i c l e  t he  diffusion g r a d i e n t  p roduced  a f te r  
i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  of 5 -HT m a y  p roduce  
resu l t s  d i f fer ing f rom those  p roduced  b y  ins t i l l ing 5 -HT 
d i rec t ly  in to  p a r t i c u l a r  areas  of t h e  h y p o t h a l a m u s .  

The  recen t  explanations16,17 t h a t  changes  in b o d y  
t e m p e r a t u r e ,  a f t e r  a d m i n i s t r a t i o n  of drugs,  are  due  to  a 
b lock  in t h e  p r o d u c t i o n  of 5 -HT me tabo l i t e s  in  t h e  CNS 
should,  however ,  be  reconsidered.  The  func t i on  of such  
m e t a b o l i t e s  (e.g., 5 -HTOL)  was  p o s t u l a t e d  to  be  pro-  
duc t ion  of h y p o t h e r m i a .  Our  resul t s  do n o t  s u p p o r t  suctl  
a pos tu la te ,  a n d  ind ica te  t h a t  these  me tabo l i t e s  of 5 -HT 
h a v e  no  effect  on  b o d y  t e m p e r a t u r e  even  w h e n  admin i s -  
t e r ed  in to  t h e  CNS in doses well  above  t h e  levels n o r m a l l y  
found  in bra in .  P rev ious  d a t a  s showing  a h y p o t h e r m i c  
response  to 5 - h y d r o x y t r y p t o p h o l  in  doses of 0.8 or  1.2 g/ 
kg  m a y  h a v e  been  a n  express ion  of a more  genera l  pheno-  
m e n o n  of a lcohol  i nduced  lower ing  of b o d y  t e m p e r a t u r e  is. 
Hydroxy~cryptophol ,  m a y  h a v e  also been  oxid ized  to  5- 
h y d r o x y i n d o l e a c e t a l d e h y d e  w h i c h  could h a v e  ind i rec t ly  
in f luenced  b o d y  t e m p e r a t u r e .  Our  r ecen t  s tudies  h a v e  
ind ica t ed  t h a t  th i s  a l d e h y d e  i nh ib i t s  b r a i n  A T P a s e  
a c t i v i t y  19. 

Our  c u r r e n t  d a t a  s t r ong ly  suppo r t s  t he  d i rec t  invo lve-  
m e n t  of 5 -HT in m e d i a t i n g  t he  t e m p e r a t u r e  response  
p roduced  a f t e r  a d m i n i s t r a t i o n  of t h i s  n e u r o t r a n s m i t t e r  
in to  t h e  CNS a n d  ind ica tes  t h e  presence  of r ecep tors  for  
5 -HT in  b r a i n  which,  w h e n  ac t iva t ed ,  p roduce  h y p o -  
t h e r m i a  in t he  mouse.  
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Paroxysmal Discharges in the Electroencephalogram of the E1 Mouse 
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Summary. The  spike d ischarges  in  t he  E E G  of t he  E1 mouse,  a se izure-suscept ib le  s t ra in ,  were r ecorded  d u r i n g  con-  
vu l s ive  seizures.  Th i s  fac t  p rov ides  ev idence  t h a t  those  seizures are rea l ly  epi lept ic  convuls ions .  

Since an  E l  mouse  was found  and  deve loped  b y  W h e r e a s  some n e u r o c h e m i c a l  s tud ies  were car r ied  o u t  t, 
IMAIZU•I e t  al.2,3, i t s  seizure ha s  been  r ega rded  as epi lept i -  neurophys io log ica l  ef for ts  were n o t  successful.  The re  has  
form a u d i t  ha s  appea red  to be  a su i t ab le  m o d e l o f  a h u m a n  been  no  ev idence  t h a t  an  E1 mouse  m i g h t  be  rea l ly  
genuine  or h e r e d i t a r y  epilepsy.  N ow  i t  is ava i l ab le  as a epi lept ic ,  n a m e l y  t h a t  i t  m i g h t  h a v e  t he  d isorders  of 
gene t i ca l ly  pure  s t r a i n ;  all  t h e  mice  of t h i s  s t r a i n  d i sp lay  p a r o x y s m a l  ce rebra l  d y s r h y t h m i a  5. Recen t ly ,  I was  able  
ep i l ep t i fo rm seizures,  so fa r  as t he  p r o p e r  care  is t a k e n  ~, ~. to  record  t he  p a r o x y s m a l  d i scharge  p a t t e r n s  in t h e  e lectro-  


