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Effect of phenobarbital or phenagtycodol pretreatment on metabolism of meprobamate in relation to age of rats 
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Age Pretreatmen t Meprobamate concentration In vivo Variation Biological Variation 
serum ([zg/ml) brain (p~g/ml) metabolism (%) hail-life 

(y.g/lO0 g/2 h) (rain) 

Adult -- 108 -4- 4.1 (12) 97 4- 3.7 (12) 35 345 
Adult Phenobarbital 84 4- 3.5 (8) 72 4- 3.5 (8) 60 + 7I 150 × 0.44 
Adult Phenaglycodol 96 4- 4.0 (8) 84 -4- 3.4 (8) 49 + 40 - -  
Young -- 92 4- 3.4 (15) 79 4- 2.9 (16) 53 195 
Young Phenobarbital 40 =[= 2.1 (8) 31 4- 2.3 (8) 104 -b 96 58 × 0.30 
Young Phenaglycodol 59 4- 3.4 (8) 59 :~: 3.5 (7) 75 + 41 - -  

Immature -- 77 ~ 2.9 (16) 65 4- 2.7 (16) 67 130 
Immature Phenobarbital 3 i 0.9 (8) 4 4- 1.1 (8) 141 +110 31 x 0.24 
Immature Phenaglycodol 28 :h 2.2 (4) 21 4-  1.8 (4) 117 -J- 75 - -  

Meprobamatc concentration was determined 2 h after the injection of meprobamate (150 mg/kg). Metabolism in vivo is represented by meta- 
bolized meprobamate during ft h after the injection of meprobamate (150 mglkg) per 100 g body weight, The numbers in brackets show 

number of the determination. 
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Influence of different ages of rats on the induction of increase of 
meprobamate metabolism. Meprobamate (150 mg/kg) was injected 
intraperitoneally at 0 time. The abscissas show serum and brain 

meprobamate concentration. 

6.7 m g  for  i m m a t u r e  r a t s ;  t h e  biological  half- l i fe  of m e p r o -  
b a m a t e  was  345 m i n  in  a d u l t  ra t s ,  195 m i n  in y o u n g  r a t s  
a n d  130 ra in  in  i m m a t u r e  ra ts .  

I t  is also d e m o n s t r a t e d  t h a t  t h e  i n d u c t i o n  of inc reased  
m e p r o b a m a t e  m e t a b o l i s m  is m o r e  r e m a r k a b l e  in  y o u n g e r  
r a t s  t h a n  in o lder  ra ts .  F o r  example ,  t h e  m e p r o b a m a t e  
m e t a b o l i s m  in  a d u l t  r a t s  was  inc reased  71% b y  t he  pre-  
t r e a t m e n t  w i t h  p h e n o b a r b i t a l ,  whi le  in  y o u n g  r a t s  a n d  in  
i m m a t u r e  ra ts ,  t h e  m e t a b o l i s m  was inc reased  96% a n d  
110% respec t ive ly ,  a n d  aIso biological  half- l i fe  of  mepro -  
b a m a t e  was  s h o r t e n d  56% in  a d u l t  ra t s ,  70% in  y o u n g  
r a t s  a n d  76% in  i m m a t u r e  r a t s  b y  t h e  p r e t r e a t m e n t  w i t h  
p h e n o b a r b i t a l .  I t  is n o t  ye t  k n o w n  w h y  t h e  l iver  of y o u n g e r  
r a t s  is more  sens i t i ve  t h a n  t h a t  of o lder  ones  in  r e sponse  
to  t h e  p h e n o b a r b i t a l  p r e t r e a t m e n t .  On  t h e  o t h e r  h a n d ,  
r e c e n t l y  i t  was  r e p o r t e d  t h a t  no  d i f fe rence  in t h e  i n d u c t i o n  
of l iver  t r y p t o p h a n p e r o x y d a s e  exis ts  in  t he  d i f fe ren t  ages  
of t h e  r a t s  used  6 

Acco rd ing  to  o u r  resul ts ,  t h e  r e g e n e r a t i n g  l iver  of t h e  
a d u l t  r a t s  was  st i l l  less s ens i t i ve  t h a n  t h e  l iver  of y o u n g  
r a t s  in  t he  i nduc t ion ,  t he re fo re  t he  fac to rs  wh ich  de te r -  
m i n e  t h e  s ens i t i v i t y  of l iver  in  t he  i n d u c t i o n  of the  e n z y m e  
b y  p h e n o b a r b i t a l  a re  n o t  r e l a t ed  to  t he  age of t he  l iver  b u t  
i t  m i g h t  be  r e l a t ed  to  some  h u m o r a l  fac to rs  in  these  an imal s .  

Riassunto. Si 6 o s s e r v a t o  che  il m e t a b o l i s m o  det  m e p r o -  
b a m a t o  ~ t a n t o  p ih  r a p i d o  q u a n t o  p i t  g iovan i  sono  i r a t t i  
u s a t i  ed  a n c h e  ehe  l ' i nduz ione  d e l l ' a u m e n t o  del  me tabO-  
l i smo in vlvo ~ t a n t o  p ih  i n t e n s a  q u a n t o  p ih  g iovan i  sono  

i r a t t i  usa t i .  R.  KATO, E.  CHIESARA, a n d  G. FRONTINO 

Istituto di FarmacoIogia e di Terapia, Universit?~ degli Studi, 
Milano (Italy), July 4, 7961. 

6 R. I. GREGERMAN, Amer. J. PhysioL 197, 63 (1959). 

Effect  o f  A m y g d a l o i d  L e s i o n s  o n  P l a s m a  C o r t i c o -  
s t e r o n e  R e s p o n s e  of  the  A lb ino  Rat  to  E m o t i o n a l  

S t r e s s  

The  r i ch  p r o j e c t i o n  of t he  a m y g d a t o i d  nuc leus  to  t h e  
h y p o t h a l a m u s  (GLooRI), sugges ts  t h a t  t h i s  l imbic  s t ruc -  
t u r e  m a y  m o d u l a t e  t h e  h y p o t h a l a m i c - h y p o p h y s i a l  re-  
sponse  to  stress.  E x p e r i m e n t s  u n d e r t a k e n  to  d a t e  h a v e  
s u p p o r t e d  t h i s  a s s u m p t i o n ,  MASON 2 f o u n d  in  t he  m o n k e y  
t h a t  p a r t i a l  or c o m p l e t e  b i l a t e r a l  a m y g d a l e c t o m y  t e m p o -  
r a r i ly  i n h i b i t e d  t h e  p l a s m a  17 -hydroxyco r t i cos t e ro id  re-  

sponse  t o  e m o t i o n a l  s t r e s s  (ba r -p ress ing  to  avo id  e lect r ic  
shock) ,  d e l a y i n g  p e a k  o u t p u t  as  m u c h  as  6 h.  T h i s  ef fec t  
was  on ly  o b t a i n e d ,  howeve r ,  a t  4 weeks  fo l lowing t h e  
ope ra t i on .  Th i s  work  sugges t s  t h a t  t h e  a m y g d a l a  n o r m a l l y  
boos t s  A C T H  secre t ion  in  t h e  m o n k e y .  MARTIN ~ e t  al.  
f o u n d  h i g h  a d r e n a l  v e n o u s  co r t i cos te ro id  o u t p u t  in  dogs  

i p. GLOOR, EEG Clin. Neurophysiol. 7, 223 (1955); 7, 243 (1955). 
J. W. MASON, Amer. Psychosom. Soc., Montreal, March 26 (1960); 
Psychosom. Med., in press. 

3 j .  MARTIN', E. ENDROCZI, and G. BATA, Acta physio, Hung. 14, 
131 (1958). 
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w i th  prev ious  bi la tera l  r emova l  of the  amygda ta ,  suggest -  
ing an inh ib i to ry  inf luence of t he  a m y g d a l a  on  ACTH 
secret ion in th is  species. In  the  rat ,  a r ecen t  s t u d y  b y  
KNIGGE 4 showed  t h a t  amygda lo id  lesions depressed  the  
ra te  of p la sma  cor t icos te rone  response  to immobi l i za t ion  
stress,  t h o u g h  peak  o u t p u t  was  even tua l ly  comparab le  to  
t h a t  of normal  ra t s  undergoing  the  same exper ience.  

These  e x p e r i m e n t s  sugges t  t h a t  a more  precise s t u d y  of 
amygda lo id  func t ion  in s t ress ,  using re la t ive ly  c i rcum- 
scr ibed lesions wi th in  ce r ta in  amygda lo id  sub-nuclei ,  
would  p rov ide  in fo rma t ion  u n o b t a i n a b l e  f rom s tudies  
consis t ing of ex tens ive  or comple te  a m y g d a l e c t o m y .  

The plan of th is  s t u d y  was to  place bi la tera l  e lec t ro lyt ic  
lesions in the  amygda l a  of one r a t  of a pair ,  and  b i la te ra l  
cor t ical  lesions on the  bra in  c o n v e x i t y  in the  o the r  
(control) animal ,  t h e n  3 weeks la ter  sub jec t  b o t h  ra t s  to  
15 min of immobi l i za t ion  5. Blood samples  f rom each  ra t  
were  t h e n  to  be processed  t oge the r  af ter  GUILLEMIN'S 
m e t h o d "  to  de t e rmine  f luoromet r ica l ly  t he  p l a sma  cor- 
t i cos te rone  level in each  one. 

A series of 20 male  a lbino rats ,  Wis t a r  s t ra in ,  was  
ope ra t ed  on  in pairs  a t  a b o u t  90 days  of age, t he  ope ra t ion  
on each pair  being carr ied out  the  same day,  usual ly  w i th in  
an hour  or two.  The an imals  were anes the t i zed  by  Nem-  
buta l ,  in jec ted  in t raper i tonea l ly .  A bipolar  e lec t rode  was 
placed s t e reo tax ica l ly  in the  bra in  of each  e x p e r i m e n t a l  
an imal  a t  skull  coord ina tes  of 3 m m  pos te r io r  to  b regma ,  
4.5 m m  latera l  to  t he  midl ine  su ture ,  and  to  a d e p t h  of jus t  
beyond  8 m m  f rom the  skull surface.  The same coord ina tes  
were  used for t he  con t ro l  excep t  t h a t  the  d e p t h  f rom t h e  
skull was 1.5 mm.  Holes in t he  skull were m a d e  by  a 
den t a l  drill. Cur ren t  was appl ied  t h r o u g h  a W y s s  high-  
f r equency  gene ra to r  for 5 sec a t  each site, a f te r  p re l imina ry  
tr ials  in egg-whi te .  

Three  weeks  following ope ra t ion  of each  pair ,  exper i -  
m e n t a l  a n d  con t ro l  r a t s  were  (one a t  a t ime)  b o u n d  up in 
adhes ive  t ape  so t h a t  h indlegs  and  forelegs could no t  be 
moved ,  b u t  n o t  so t i gh t ly  as to  in ter fere  w i th  b rea th ing .  
Each  an imal  was t h e n  placed on i ts  back  in a whi te  bas in  
and  t a p e d  in th is  pos i t ion  for 15 rain. I t  was  t h e n  de-  
c ap i t a t ed  and  blood col lected in a 50 ml beaker  con ta in ing  
a d rop  of hepar in ,  care being t a k e n  to shake  the  beaker  
gen t ly  while col lect ing the  blood f rom the  r a t ' s  t runk .  

The blood sample  was  t h e n  cen t r i fuged  and  p r epa red  
for f l uo rome t ry  ~. P l a sma  from the  e x p e r i m e n t a l  ra t  and  
p l a sma  f rom the  con t ro l  were  t hen  processed  a t  t h e  s ame  
t ime,  t oge the r  wi th  one  b lank  (water) and  th ree  s t a n d a r d  
solut ions,  con ta in ing  k n o w n  a m o u n t s  of cor t icos te rone .  
A series of 10 ca l ib ra t ion  e x p e r i m e n t s  earl ier  had  y ie lded 
a recovery  ra te  of cor t icos te rone  f rom p la sma  of 104.7%, 
wi th  a s t a n d a r d  error  for the  mean  of 3.9%. The average  
p lasma  cor t icos te rone  level for these  uns t r e s sed  ra ts  was 
5.7 ~xg/100 ml of plasma.  

I m m e d i a t e l y  on decap i t a t ion ,  the  bra in  of each  r a t  was  
r e m o v e d  and  f ixed in a s o l u t i o n  of 10% formal in  for 
1 week. The bra ins  were t h e n  m o u n t e d  in paraff in ,  10 
sect ions  were  m a d e  t h r o u g h  each b ra in  a t  0.5 m m  in ter -  
vals, and  the  sect ions  were s ta ined  wi th  h e m a t o x y l i n  and  
eosin. 

All lesions men t ioned  here were ident i f ied  by  his to-  
logical e x a m i n a t i o n  7. The cor t ical  lesions in t he  con t ro l  
r a t s  were found  to be located  in t he  super ior  p a r t  of t he  
cort ical  convex i ty .  

A to t a l  of 18 ra t s  was avai lable  for immobi l iza t ion ,  one 
amygda lo id  lesion an imal  hav ing  died pos t -opera t ive ly .  
Of the  nine  remain ing  pairs,  two were e l imina ted  f rom the  
e x p e r i m e n t a l  resul ts ;  an error  in chemica l  p rocedure  was  
made  in the  case of one pair,  and  in the  case of t he  other ,  
t he  e x p e r i m e n t a l  ra t  r esor ted  to  abdomina l  b r ea th ing  
under  s t ress  and  appea red  near  dea th ,  unlike a n y  o t h e r  
ra t ,  a l t hough  as far as could be asce r t a ined  th i s  was  n o t  
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Lesions in region of central nucleus of amygdaloid complex, found 
most effective in inducing increased plasma corticosterone response 
of rat to brief immobilization, compared to response of paired control 

rat with cortical lesions (not shown). See Table for details. 

4 K. M. KNIGGE, Fed. Proc. 20, 185 (1961). 
5 C. FORTIER, in Endocrinology 49, 782 (1951), has shown immo- 

bilization requires participation of the central nervous system to 
effect a pituitary-adrenal response, and thus can be termed an 
emotional or neurogenie stress. 

e R. GmLLEmN, G. W. CLAYTON, H. S. LIVSCOMB, and J. D. SMITH, 
J. lab. olin. Med. 53, 830 (1959); Endocrinology 63, 349 (1958). 
In the ease of arnygdaloid lesions, this examination was under- 
taken without prior knowledge of the plasma corticosterone levels 
resulting in each experiment. 

Plasma eorticosterone response to immobilization stress of paired rats with amygdaloid lesions (E) and cortical lesions (C). Lesion damage 
indicated for experimental animals (E} only. Parentheses indicate minimal lesion damage to structures included. 

Exper- Lesion damage (E only) to amygdaloid nuclei and adjacent structures Plasma corticosterone level after 
iment stress in btg/1 O0 ml of plasma 
no. L side R side E C E - C 

l central central (basal, lateral, putamen) 38.50 21.75 16.75 
3 (cortical) (central), optic tract 27.00 20.75 6.25 
4 central, basal, (lateral) central, basal, (medial), optic tract 22.00 29.50 -- 7.50 
5 central, cortical, (hippoeampus) central, putamen, (hippocampus) 25.25 20.25 5.00 
6 (lateral), external capsule, (claustrum) central, (medial, putamen, cerebral peduncle), optic tract 24.50 17.25 7.25 
7 central (basal, putamen, optic tract) central (medial, optic tract) 33.75 17.00 16.75 
9 central, basal (putamen) 28.25 29.25 -- 1.00 
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due  to taping.  This  left a to ta l  of 14 rats ,  or seven pairs,  
for compar i son .  

The Table  shows t h a t  five of six ra t s  wi th  bi la tera l  
amygda lo id  lesions d i sp layed  a g rea te r  p la sma  cort ico- 
s te rone  response  to  the  s t ress  of immobi l iza t ion  t h a n  the i r  
respec t ive  pai red cont ro ls  wi th  cort ical  lesions. There  was  
a reversa l  in only  one case, e x p e r i m e n t  4. A uni la tera l  
lesion of the  a m y g d a l a  (exper iment  9) p roduced  no ap-  
preciable  difference in p lasma  cor t icos te rone  level. On 
being t aped  for immobi l iza t ion ,  t he  amygda lo id  lesion 
ra t s  were  in general  more  emot iona l ly  reac t ive  and  ha rde r  
to hand le  t h a n  the  controls .  

E x a m i n a t i o n  of effects of e lec t rode  p l acemen t  in in- 
d iv idua l  amygda lo id  sub-nuclei  showed tha t ,  when  the re  
was  subs t an t i a l  b i la tera l  d a m a g e  to  the  cen t ra l  nucleus,  
b u t  no bi la tera l  damage  to  any  o the r  amygda lo id  sub-  
nucleus,  as in expe r imen t s  1, 5, and  7, the  p lasma cort ico-  
s te rone  level was d i s t inc t ly  more  e leva ted  in the  ra t  wi th  
bi la tera l  amygda lo id  lesions. The m o s t  c lear-cut  sym-  
metr ica l  lesions of t he  cen t ra l  nucleus  were ob ta ined  in 
e x p e r i m e n t  1 (Figure),  where  the  ra t  wi th  amygda lo id  
lesions showed an increase in p l a sma  cor t icos te rone  
following s t ress  t h a t  was  16.75 ~tg/100 ml of p la sma  
g rea te r  t h a n  the  increase for the  control .  

These th ree  exper imen t s ,  1, 5, and  7, showed on the  
average  a difference of 12.83 ~xg of cor t icos terone  per  
100 ml of p la sma  in favor  of the  an imals  wi th  amygda lo id  
lesions, compared  to an  average  of 1.25 ptg in favor  of the  
ra t s  wi th  amygda lo id  lesions in t he  remain ing  four  ex-  
pe r iments ,  3, 4, 6, and  9. In  e x p e r i m e n t  4, where  as no ted  
above,  a reversal  occurred,  there  was subs tan t i a l  b i la tera l  
damage  to the  cen t ra l  nucleus, bu t  there  was in add i t ion  
b i la tera l  damage  to  the  basal  nucleus.  This  was the  only  
ins tance  in th is  series where  th is  occurred.  

These indiv idual  compar i sons  of h is to logical ly-deter-  
mined  damage  in ind iv idua l  amygda lo id  sub-nuclei  wi th  
the  p l a sma  cor t icos te rone  response  to  emot iona l  s t ress  of 
the  r a t  there fore  suggest ,  in pa r t i cu la r  for e x p e r i m e n t s  1, 
5, and  7, t h a t  b i la tera l  lesions conf ined to the  cent ra l  
nucleus of the  a m y g d a l a  resul t  in an increased p l a sma  
cor t icos te rone  response  to emot iona l  s t ress  in the  labora-  
t o r y  rat .  in v iew of t he  smal l  n u m b e r  of an imals  and of 
the  topograph ica l  s ca t t e r ing  of the  lesions among  var ious  
amygda lo id  sub-nuclei  (Table) s ta t i s t ica l  m e t h o d s  can-  
no t  be jus t i f iab ly  appl ied  to th is  seriesL These obser-  
va t ions  sugges t  t h a t  unde r  normal  cond i t ions  the  cent ra l  

nucleus in the  ra t  a m y g d a l a  may  exer t  an inh ib i to ry  
effect  upon  ACTH release. 

Our results ,  t aken  toge the r  wi th  previous  work  2,3 
suggest  the  possible exis tence  of sepa ra te  inh ib i to ry  and  
fac i l i ta tory  mechan i sms  for the  p i tu i t a ry -ad rena l  response  
to  s t ress  a t  t he  amygda lo id  level in the  rat .  Such in- 
h ib i to ry  and  fac i l i ta tory  mechan i sms  have  been found  at  
the  h y p o t h a l a m i c  level in the  dog 9 and  a t  the  mid-b ra in  
level in the  ra t  ~0. 

Zusammen[assung. Im  Vergleich zu Kont ro l l t i e ren  mi t  
zweisei t igen Rindenl~isionen ff ihrt  beidsei t ige  Zers t6rung 
des Nucleus centra l is  im Man d e l k e rn k o mp l ex  der  R a t t e  
zu e rh6h te r  P l a sma-Cor t i cos t e ron -P roduk t ion  nach  kurz- 
f r is t igem Stress  durch  e n t s p r e c h e n d e  immobi l i s ie rung .  

E. ~V. BOVARD 11 and P. GLOOR 

Department o/ Neurology and Neurosurgery, McGill Uni- 
versity, and the Montreal Neurological Institute, Montreal 
(Canada), June 5, 1961. 

a An overall comparison of plasma eortieosterone response between 
experimental and control rats was nevertheless made. This showed 
an average plasma eortieosterone level of '28.46 ff.g p(r 100 nl| of 
plasma for the seven experimental rats, compared to 2'2.25 ptg for 
the seven paired controls, a difference of 6.'21 ~tg. This difference 
was not statistically significant. However, since this sample, for 
reasons given above, does not tend itself to a meaningful statistical 
analysis, this negative result does not invalidate the findings. For 
the purposes of this study, effects of lesion placements in individual 
sub-nuclei are more relevant, but this work should be repeated on 
a larger series of animals to allow for the application of statistical 
methods. 

9 T. SUZUKI, E. B. I{OMANOFF, W. P. KOELLA, and C. K. LEvv, 
Amer. J. Physiol. 19,~, 1312 (1960). 

10 M. A. SLUSnER and V. CRITCI1LOW, Prec. S()e. exp. Biol. Med. 1o1, 
497 (1959). 

n This study was made possible by a special research fellowship to 
one of us, E. W. BOVAmg, from the United States Public Health 
Service, sponsored by the National Institute of Mental Health. The 
writers would like to acknowledge with thanks the interest and 
friendly cooperation of Dr. H. JASPER, Dr. HANNA PAPPIUS, 
Dr. MARmr~ K. BIRMINGHAM, and the medical and technical staff 
of Montreal Neurological Institute in this work. This paper was 
originally presented at a meeting of the Montreal Physiological 
Society, March 8, 1961. 
Present address of BOVARD : Department of Anatomy, Albert Ein- 
stein College of Medicine, New York (USA). 

P R O  E X P E R I M E N T I S  

Fine Tipped Metal Microelectrodes with Glass 
Insulation 

I t  is p rof i t ab le  to  use ve ry  fine t i pped  meta l  micro-  
electrodes,  w h e n  leading off ex t race l lu lar ly  act ion po ten-  
t ials  f rom single nerve  cells in the  brain,  because  the  finer 
the  e lec t rode  t ip,  the  g rea te r  is the  recorded  po ten t i a l  
f rom a nea rby  cell in respec t  to those  f rom uni t s  f a r the r  
away.  

W i t h  the  e lec t ropol ishing technique ,  it  is possible to 
make  ve ry  fine t i pped  microelec t rodes  of t u n g s t e n  x or 
s tee lL which  are  t h e n  insula ted  wi th  lacquer.  I t  is, how-  
ever,  ve ry  diff icul t  to  ob ta in  a th in ,  s m o o t h  lacquer  layer  
when  the  e lect rodes  have  a long sha f t  of less t h a n  20 [z in 
d iamete r .  Moreover,  the  mechanica l  s t r e n g t h  of the  
lacquer  layer  is unsa t i s fac to ry ,  and  when  coagula t ing  wi th  
h igh  f r equency  a l t e rna t i ng  cur ren t ,  t he  loss over  the  in- 
sula t ion (or t h r o u g h  minu te  cracks ?) is great .  A glass in- 

su la t ing  layer  would be much  more  sa t i s fac tory .  Indeed ,  
JOHNSON and  MANHOF 3 drew a coa t  of glass a round  a 
p l a t i n u m wire, b u t  the  t ips  of the i r  e lec t rodes  were no t  
t h i n n e r  t h a n  the  wire used and  blunt .  I therefore  deve loped  
a m e t h o d  for d rawing  a t h i n  layer  of pyrex  glass, unde r  
microscopical  inspect ion ,  a ro u n d  an e lec t ropol ished pla- 
t i n u m  wire and  so ob ta ined  t ip  sizes of control led,  ve ry  
small  d imensions .  

A length  of p l a t i n u m  wire (10 or 20 ~t d iameter ) ,  a l i t t le 
longer  t h a n  the  desi red sha f t  length,  is soldered wi th  s i lver  
solder to a sho r t  l eng th  of th icker  copper  wire to  faci l i ta te  
the  hand l ing  (Figure 1 a). 

Pol ish ing is done  in the  same way as wi th  t u n g s t e n  X: 
the  u t m o s t  t ip  of the  p t a t i n u m wire is d ipped  in s a t u r a t e d  
sod ium or po tas s ium ni t r i te  solut ion,  and  an a l t e rna t ing  

1 D. H. HVBEL, Science t25, 549 (1957). 
J. D. GREE.% Nature 182, 96"2 (1958). 

a M. W. JoHnsoN and L. J. MANHOFF, Science 113, 812 (1951). 


