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var ious  t y p e s  of  sp ina l  co rd  neu rones ,  a n d  ha s  found  i t  n o t  
to a f fec t  i n t e r n e u r o n e s ,  R e n s h a w  ceils or  m o t o n e u r o n e s .  
The l a t t e r  two  o b s e r v a t i o n s  are  in  accord  w i t h  t h e  r e su l t s  
presented here ,  a n d  i t  is poss ib le  t h a t  t hose  i n t e r n e u r o n e s  
s tudied b y  C u R t i s  were  al l  of t h e  t y p e  w h i c h  h a v e  b e e n  
found to  be  u n i n f l u e n c e d  in t he  p r e s e n t  e x p e r i m e n t s  also. 
The re su l t s  w h i c h  h a v e  been  o b t a i n e d  here  would  sugges t  
t h a t  a poss ible  e x p l a n a t i o n  of t h e  ac t ion  of app l i ed  3- 
h y d r o x y t y r a m i n e  r e p o r t e d  ear l ier  ~, is t h a t  i t  l eads  to  t h e  
exc i t a t ion  of i n h i b i t o r y  i n t e r n e u r o n e s  w h i c h  m a k e  
synap t i c  c o n t a c t  w i t h  t h e  m o t o n e u r o n e s  of t h e  cord.  

t i on  v o n  DCI  n i c h t  v e r h i n d e r t :  o b w o h t  die H e m m u n g  n a c h  
R e i z u n g  de r  bu lb / i r en  r e t iku l / i r en  F o r m a t i o n  ausb t e ib t .  
3 - H y d r o x y t y r a m i n e ,  dessen  r e f i e x h e m m e n d e  V¢i rkung  
bei  d i r e k t e r  A p p l i k a t i o n  a m  e n t b l 6 s s t e n  R t i c k e n m a r k  
Irf iher  gezeig t  wurde ,  v e r u r s a c h t  e ine  ges te iger te  E r r e g -  
b a r k e i t  m a n c h e r  I n t e r n e u r o n e  de r  r e t i ku lo sp ina l en  L e i -  
t u n g s b a h n ,  w o d u r c h  seine  h e m m e n d e  VvSrkung e rk lg r t  
w e r d e n  k6nn t e .  
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Antidiuretic Hormone Concentration in Blood 
Perfusing the Adenohypophysis 

The  c o n c e p t  of t h e  a n t i d i u r e t i c  h o r m o n e  (ADH,  vaso-  
pressin) as a phys io log ica l  s t imu lus  for a d e n o h y p o p h y s i a l  
ACTH secre t ion  ha s  been  q u e s t i o n e d  r ecen t l y  ~-4. A n  ar-  
g u m e n t  o f ten  e m p l o y e d  aga i n s t  t h i s  once a t t r a c t i v e  h y p o -  
thesis  is based  u p o n  the  fac t  t h a t  t he  c o n c e n t r a t i o n  of in-  
jec ted  P i t r e s s in  or  vasopres s in  wh ich  s t i m u l a t e s  A C T H  
secre t ion  is m u c h  la rger  t h a n  t h a t  m i m i c k i n g  phys io log ica l  
an t id iures is .  Because  a h i g h  c o n c e n t r a t i o n  is n o t  n o r m a l l y  
e n c o u n t e r e d  in  p e r i p h e r a l  blood,  t h i s  ac t ion  of va sop re s s in  
on  t h e  a d e n o h y p o p h y s i s  is i n t e r p r e t e d  as pha rmaco log ic ,  
Imp l i c i t  in  th i s  i n t e r p r e t a t i o n  is t h e  a s s u m p t i o n  t h a t  h i g h  
a d e n o h y p o p h y s i a l  a n d  low p e r i p h e r a l  b lood  concen-  
t r a t i o n s  of A D H  are  phys io log ica l ly  m u t u a l l y  exclus ive .  

The  p u r p o s e  of th i s  p a p e r  is to  d e m o n s t r a t e  t h a t  b o t h  
cond i t ions  do, in  fact ,  n o r m a l l y  exis t .  O u r  r ea son ing  
follows a n d  is ba sed  on  a ca l cu la t ion  of ~he A D H  c o n t e n t  
in  b lood  l eav ing  t he  n e u r a l  lobe a n d  d i r ec t ly  pe r fus ing  a 
m a j o r  p o r t i o n  of  t he  a d e n o h y p o p h y s i s .  T he  d a t a  used in 
our  ca l cu la t ions  a re  our  o w n  m e a s u r e m e n t s  of n e u r a l  lobe 
b lood  flow ~, coup led  w i t h  GINSBURG'S e s t i m a t e  of t he  ha l f -  
life of c i r cu l a t i ng  ADH~,  HEELER'S m e a s u r e m e n t s  of t h e  
r e s t i ng  A D H  level  in  t h e  r a t e  a n d  DE \VIED'S d a t a  for t h e  
A D H  response  to  h a e m o r r h a g e  in t h e  r a t  s, 

T h e  r e s t i n g  level  of A D H  in t h e  a d u l t  a lb ino  r a t  is 
2.3 txU/mI whole  b lood  ~. A 300 g r a t  w i t h  a b o u t  15 m l  
b lood  v o l u m e  the re fo re  h a s  a t o t a l  c i r cu l a t i ng  A D H  
c o n t e n t  of a b o u t  35 ~xU. Accord ing  to  GINSBURG 8 t h e  
half- l i fe  of c i r cu l a t i ng  A D H  in  a r a t  u n d e r  s imi la r  con-  
d i t ions  is a b o u t  42 sec. A s s u m i n g  t h a t  t he  n e u r a l  lobe  is 
t h e  on ly  source  of A D H ,  t h i s  m e a n s  t h a t  th i s  g l and  m u s t  
add  2.5 X 10 -5 U to  b lood  pe r fus ing  i t  e ach  m i n u t e .  I f  t he  
b lood  f low f r ac t i on  t h r o u g h  t h e  n e u r a l  lobe is 5 × I0  -s 
t i m e s  t h e  ca rd iac  o u t p u t ,  w h i c h  is a b o u t  90 m l / m i n  in ou r  
u n a n e s t h e t i z e d  ra ts ,  t h e  b lood  flow t h r o u g h  t h e  g l and  is 
a b o u t  4.5 )< 10 -3 m l / m i n  5. T h e  c o n c e n t r a t i o n  of A D H  in  
t he  n e u r a l  lobe  e f f luen t  of t h e  r e s t i ng  r a t  m u s t  t he r e fo re  
exceed  t h a t  in  t he  a r t e r i a l  i n p u t  b y  

2.5 X 10 -5 U/ ra in / (4 .5  X 10 -s m l / m i n )  -- 5.6 X 10 -a U /ml .  

D u r i n g  t h e  las t  20  sec of a s u b s t a n t i a l  h a e m o r r h a g e  
(5 ml  in  90 sec) DE WIED'S d a t a  i nd i ca t e  t h a t  t h e  c h a n g e  
in p e r i p h e r a l  c o n c e n t r a t i o n  of A D H  is a p p r o x i m a t e l y  
3 × 10 -2 U/2  X 10 '  ml  whole  b lood]20  sec or  4.5 X 10 -4 
U / m l  whole  b l o o d / m i n  s. R e p e a t i n g  t h e  ear l ier  ca lcu la t ions ,  
the  a m o u n t  of A D H  a d d e d  to  t he  genera l  c i r cu la t ion  u n d e r  
these  c i r c u m s t a n c e s  m u s t  be 15 ml  × 4,5 × 10 -* U / m l / m i n  
or 6.75 × 10 -s U/ ra in .  Since t he  n e u r a l  lobe b lood  f low is 
4.5 × 1 0 - a m l ] m i n  t h e  c o n c e n t r a t i o n  of A D H  in  t h i s  
blood m u s t  exceed t h a t  in  t he  a r t e r i a l  i n p u t  b y  

(6.75 × 10 -s U/rain)l(4,5 X 10 -3 ml /min )  = 1.5 U /ml .  

Cor rec t ion  for t h e  half- l i fe  of A D H  in t he  genera l  c i rcu-  
l a t i on  would  raise  th i s  va lue  b y  some 25%,  or close to  
2 U]ml .  Th i s  r ep re sen t s  a 300 fold increase  in A D H  o u t p u t  
ove r  t h e  r e s t i ng  level ;  and ,  s ince A D H  can  be  suppres sed  
be low th i s  level,  t h e  d y n a m i c  r a n g e  of t he  A D H  secre t ing  
m e c h a n i s m  s h o u l d  be  in excess  of 300. 

The  a d e n o h y p o p h y s i s  ha s  no  (or a l m o s t  no) d i r ec t  
a r t e r i a l  supply ,  i n s t ead  rece iv ing  i ts  v a s c u l a r  i n p u t  f rom 
a g roup  of e l egan t ly  con t ro l l ab l e  para l le l  p o r t a l  s y s t e m s  
d r a i n i n g  p a r t s  of t he  n e u r o h y p o p h y s i s  °-1~. T h a t  a sub-  
s t a n t i a l  f r ac t ion  of t h e  a d e n o h y p o p h y s i s  receives  i t s  i n p u t  
f rom the  n e u r a l  lobe ha s  also been  e s t ab l i shed  is. Since i t  
is r ea sonab le  to  e x p e c t  all  n e u r a l  lobe e f f l u e n t - - w h e t h e r  
p o r t a l  or  s y s t e m i c - t o  c a r r y  t h e  same  c o n c e n t r a t i o n  of 
A D H ,  th i s  f r ac t ion  of t he  a d e n o h y p o p h y s i s  m u s t  i ndeed  
'see '  a v e r y  h i g h  A D H  c o n c e n t r a t i o n ,  wh ich  is s u b s e q u e n t l y  
d i l u t ed  more  t h a n  20000 t imes  in t h e  genera l  c i rcu la t ion .  

I n  v iew of o u r  ca lcu la t ions ,  i n t e r p r e t a t i o n s  sugges t ing  a 
p h a r m a c o l o g i c  (as opposed  to  physiologic)  ac t ion  of vaso-  
p ress in  on  A C T H  sec re t ion  w h i c h  are  based  p r i m a r i l y  on  
responses  to  s y s t e m i c  in j ec t ions  m u s t  be  r e e v a l u a t e d .  T h e  
p h e n o m e n a  occu r r i ng  b e t w e e n  t h e  n e u r o h y p o p h y s i s  a n d  
a d e n o h y p o p h y s i s  a re  local  a n d  no t  r ep roduc ib l e  b y  e v e n t s  
occu r r ing  in t h e  genera l  c i rcu la t ion .  I n  o rde r  to  ach ieve ,  
b y  p e r i p h e r a l  i n t r a v e n o u s  in jec t ion ,  levels of local  vaso-  
p ress in  or  P i t r e s s in  c o n c e n t r a t i o n  e q u i v a l e n t  to  t hose  here  
c a l c u l a t e d  i t  w o u l d  be  necessa ry  to a d m i n i s t e r  hero ic  
doses :  in  a 300 g r a t ,  80 m U  for t h e  basa l  s t a t e ,  28 U n i t s  
for e x t r e m e  stress.  T h e  f i rs t  dose is well  w i t h i n  t h e  r a n g e  
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p rovok ing  ACTH release2; t h e  la t te r ,  le thal .  Clearly, 
even t s  w i th in  t he  hypophygis  are more  app rop r i a t e ly  
s tud ied  b y  such  m e t h o d s  as local i m p l a n t a t i o n  of c rys ta l -  
line or h igh ly  c o n c e n t r a t e d  solut ions  of vasopress in  xa. 

das  A D H  in einer  ftir die normale  S t imula t ion  der  adeno- 
hypophysAren  Sekre t ion  des ACTH ungeni igenden  Kon- 
zen t r a t i on  v o r h a n d e n  ;st, k a n n  n ich t  aufrechterhal ten 
bleiben.  

Zusammen[assung. Der an t id iu re t i sche  H o r m o n - ( A D H ,  
Vasopres s in )Geha l t  des  die A d e n o h y p o p h y s e  durch-  
s t r 6 m e n d e n  Blutes  wird  fiir die R u h e p h a s e  mi t  6 m U / m t  
und  nach  schwerem Blu tve r lu s t  m i t  2 U / m l  be rechne t .  
Die b i sher  a t lgemein ve r t r e t ene  Auffassung,  n a c h  welcher  

I-t. GOLDMAN und  L. LINDNER 

Research .Division, Columbus Psychiatric Institute and 
Hospital, The Ohio State University College o/ Medicine, 
Columbus (Ohio, U, S. A .), )~Jarch 5, t952. 

P y r u v a t e  M e t a b o l i s m  
i n  E p i l e p t i c  T u b e r c u l o u s  P a t i e n t s  

Introduction. In  a r ecen t  pape r  ~ we have  s tud ied  the  
p r e v e n t i o n  of the  convu l san t  and  le tha l  effects  of iso- 
niazid b y  py ruv ic  acid. We have  shown  t h a t  isoniazid 
reduces  the  levels of b lood py ruva te ,  combin ing  wi th  it to  
form an hydrazone ,  and  t h a t  th is  r educ t ion  was  respons ib le  
for t he  acute  tox ic i ty  of t h a t  drug. 

The  convu l san t  effect  of isoniazid has  been  known  since 
the  f i rs t  s tudies  on its tox ic i ty  ~, as well as the  risks in- 
volved  in t he  t r e a t m e n t  of tubercu lous  epi lept ic  pa t i en t s  
wi th  t h a t  d rug  a. The fact  t h a t  epi lept ic  seizures are ag- 
g r a v a t e d  by  isoniazid,  t oge the r  w i th  our  own resul ts  on its 
e o n v u l s a n t  effect ,  led us to  s t u d y  the  py ruv ic  acid c o n t e n t  
of t he  b lood  of epi lept ic  tubercu lous  pa t i en t s  and  its 
modi f ica t ion  dur ing  i son iaz id - the rapy .  

Material and Methods. The  resul ts  we are  a b o u t  to  
descr ibe  were  o b t a i n e d  f rom epi lept ic  tubercu lous  pa t i e n t s  
t rom the  San  Sebas t i an  Sana to r ium of Rio  de Jane ; to  
(Brazil), a cont ro l  g roup  of non-epi lep t ic  tubercu lous  
p a t i e n t s  h a v i n g  been  examined  on the  same occasion.  

P y r u v i c  acid was  assayed  according to  FRIEDEMAN and  
HAUGI~N4." Blood samples  were col lected as descr ibed  by  
these  au thors ,  f rom the  fas t ing  pa t i en t s  and,  w h e n e v e r  
possible,  i m m e d i a t e l y  a f te r  t h e  crisis. 

Clinical no tes  on the  pa t i en t s  u n d e r  e x a m i n a t i o n :  (a) 
Epileptic patients. GRS,  female,  34 years ;  g rand  real  epi- 
leptic  seizures since chi ldhood,  p re sen t ly  ve ry  f requent .  
The rapeu t i c  scheme:  p-aminosal icyl ic  acid (15 g/day) ,  
isoniazid (300 m s / d a y )  and  s t r e p t o m y c i n  (1 g/day) .  - NAS,  
female,  27 years ;  f r e quen t  epi lept ic  seizures since child-  
hood.  The rapeu t i c  scheme:  p-aminosal icyl ic  acid (15 g/ 
day) ,  isoniazid (300 rag/day) ,  and  s t r e p t o m y c i n  (1 g / d a y ) . -  
DA, female,  22 years ;  occasional  epi lept ic  seizures since 
chi ldhood.  The rapeu t i c  scheme:  I soxyl  ~ (3 g/day) .  (b) Non- 
epileptic patients. DMM, female,  32 years.  The rapeu t i c  
scheme:  p-aminosa l icy l ic  acid (15 g/day) ,  isoniazid (300 
m s / d a y )  and  s t r e p t o m y c i n  (1 g /day ) . - -AS ,  female,  38 

years,  and  MD, female,  31 years.  The rapeu t i c  scheme: 
I soxyl  (3 g /day) . - -NC,  female,  24 years,  and  EO,  female, 
16 years.  The rapeu t i c  scheme:  th iosemica rbazone  (100 
mg/day)  a n d  p-aminosal icyl ic  acid (10 g/day) .  

The  epi lept ic  s t a tu s  of pa t i en t s  G R S  and  N A S  was con- 
f i rmed by  psych ia t r i c  examina t i on  and  E E G  tracings, 
wh ich  were nea r ly  n o r ma l  for p a t i e n t  DA. T rea tmen t  
w i th  Lumina l  was suspended  dur ing  the  expe r imen t .  

Results and Discussion. Py r u v i c  acid was assayed in 
blood samples  col lected f rom epi lept ic  and  non-epi lept ic  

p a t i e n t s  dur ing  a per iod  of 42 days  ( S e p t e m b e r - O c t o b e r  
1961), a t  d i f fe rent  in tervals ,  according to  t he  case. The 
non-epi lep t ic  p a t i e n t s  of the  contro l  g roup  were examined  
once a week, epi lept ic  pa t i en t s  N A S  and  DA twice a week 
and  p a t i e n t  GRS,  due  to  t he  h igh  f r equency  of seizures, 
had  blood samples  d r a w n  e v e r y  morn ing  and  a f te r  each 
crisis. 

The  resul ts  o b t a i n e d  f rom non-epi lep t ic  and  f rom epi- 
lept ic  pa t i en t s  N A S  a n d  DA are shown  in t he  Table.  All 
t he  resul ts  q u o t e d  in the  Table  are f rom fas t ing  subjects ,  
and  i t  can be seen t h a t ,  for t he  non-ep i lep t ic  pa t i en t s ,  the 
concen t r a t ion  of b lood p y r u v a t e  keeps  well w i th in  the 
n o r m a l  levels ~,L 

As for epi lept ic  p a t i e n t s  N A S  and  DA, the re  was a 
s h a r p  increase in blood p y r u v a t e  coinciding wi th  each 
crisiS. In  t he  case of p a t i e n t  NAS it  can be seen t h a t  the 
concen t r a t i on  of blood p y r u v a t e  d r o p p e d  s teadi ly  after- 
wards,  t i l l  no rma l  levels were a t t a ined .  A t  th is  po in t  a 
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Pyruvate levels in the blood of epileptic and non-epileptic tuberculous patients (C = crisis) 

Name Period of observation (days) Notes 
I ~ 3 8 11 t3 15 17 23 ~26 28 30 36 39 40 4I 4g 

NAS 0.31 C 0.89 0.62 0.45 C 0.71 0 .51  0.48 C - -  0.75 0.39 C 1.55 - -  - -  Epileptic 
DA 0.35 - -  0.45 0 .45  0.45 - -  0.35 0.45 0.40 - -  C 0.71 0.35 - -  C 0.75 Epileptic 
EO - -  - -  ~ 0.53 . . . .  0.37 - -  - -  - -  0.42 . . . . . . . . . . . . . . .  Non-epileptic 
DMM 0 .45  . . . . . . . . . . . . .  0.45 --  0.51 - -  ~ 0.37 0 .35  . . . . .  Non-epileptic 

-AS 0.53 - -  - -  0.53 . . . . . . .  0.45 - -  0.37 - - -  0.47 0 .42  . . . . .  Non-epileptic 
MD 0.53 - -  - -  0,53 . . . . . . . .  0.45 - -  0.45 - -  - -  0.45 0.35 - -  - -  - -  Non-epileptic 
NC 0.53 - -  - -  0.53 - -  - -  0.53 - -  0.38 - -  - -  0.55 0 .37  . . . .  Non-epileptic 


