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Maximal sizes of secretory potentials (the difference between the 
maximal level of the membrane potential after stimulation and the 
resting membrane potential) and secretion as a function of time after 
start  of perfusion in experiment No. 39. 

Table I. Maximal sizes of secretory potentials in mV during per- 
fusion with control and TEA Locke solutions 

Experiment No. Control (n) TEA (n) t-test 

28 37.6 (3) 39.2 t5) - 
37b 23.2 (6) 31.6 (3) 
38b 31.6 (5) 44.6 (5) - 
39 34.2 (11) 51.6 (6) 
Total 31.4 -L 1.6 (25) 43.3 @ 2.5 (19} p <" 0.00[ 

Table lI. Maximal sizes of secretory potentials in mV during per- 
fusion with control and potassium-free Locke solutions 

Experiment No. Control (n) Potassium- t-test 
free (n) 

p o t a s s i u m - f r e e  s o l u t i o n  w e r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h e  s izes  o f  t h o s e  r e c o r d e d  d u r i n g  p e r f u s i o n  w i t h  c o n t r o l  
L o c k e  s o l u t i o n .  

Discussion. D u r i n g  p e r f u s i o n  w i t h  a 10 m M  ~ o r  a 
20 m M  4 p o t a s s i u m  L o c k e  s o l u t i o n ,  t h e  s izes  o f  t h e  
s e c r e t o r y  p o t e n t i a l s  w e r e  s i g n i f i c a n t l y  d i m i n i s h e d  c o m -  
p a r e d  w i t h  t h o s e  r e c o r d e d  d u r i n g  p e r f u s i o n  w i t h  c o n t r o l  
L o c k e  s o l u t i o n .  T h u s  t h e  s ize  o f  t h e  s e c r e t o r y  p o t e n t i a l  
s e e m s  to  d e p e n d  o n  t h e  s ize  of  t h e  p o t a s s i u m  e q u i l i b r i u m  
p o t e n t i a l  a c r o s s  t h e  b a s a l  a c i n a r  cel l  m e m b r a n e .  T h e  re -  
s u l t s  o b t a i n e d  w i t h  t h e  low s o d i u m  T E A  s o l u t i o n  s u g g e s t  
t h a t  t h e  o u t w a r d  p o t a s s i u m  c u r r e n t  is  n o r m a l l y  f o l l o w e d  
b y  a n  i n w a r d  s o d i u m  c u r r e n t .  I n  t h e  r a t  s u b m a n d i b u l a r  
g l a n d ,  t h e  a c i n a r  s e c r e t o r y  p o t e n t i a l  m a y  e i t h e r  c o n s i s t  
i n  a h y p e r -  o r  d e p o l a r i z a t i o n  6. T h e  d i f f e r e n c e  b e t w e e n  
t h e s e  s e c r e t o r y  p o t e n t i a l s  a n d  t h o s e  f o u n d  in  t h e  c a t  1, 7, 8 
a n d  d o g  ~ m a y  o n l y  be  d u e  to  d i f f e r e n t  s i zes  of  t h e  s o d i u m  
a n d  p o t a s s i u m  c u r r e n t s ,  t h e  s o d i u m  c u r r e n t  b e i n g  t h e  
m o s t  i m p o r t a n t  in  t h e  d e p o l a r i z i n g  cel ls  a n d  t h e  p o t a s s i u m  
c u r r e n t  d o m i n a t i n g  in  t h e  h y p e r p o l a r i z i n g  a c i n a r  cells.  
T h i s  c o n c e p t  a g r e e s  wel l  w i t h  t h e  r e c e n t  f i n d i n g  9 t h a t  
d i n i t r o p h e n o l  in  a c o n c e n t r a t i o n  s u f f i c i e n t  t o  i n h i b i t  
s a l i v a r y  s e c r e t i o n  a n d  a c t i v e  u p t a k e  of  p o t a s s i u m  i n t o  t h e  
g l a n d  h a s  no  e f f ec t  on  t h e  s ize  of  t h e  s e c r e t o r y  p o t e n t i a l s  
if t h e  g l a n d  h a s  n o t  l o s t  t o o  m u c h  p o t a s s i u m .  

Zusammen/assung. W ~ i h r e n d  d e r  P e r f u s i o n  d e r  S u b -  
m a n d i b u l a r d r i i s e  de r  K a t z e  m i t  k a l i u m f r e i e r  L o c k e l 6 s u n g  
o d e r  m i t  e i n e r  L o c k e l 6 s u n g ,  in  d e r  d a s  m e i s t e  K o c h s a l z  
d u r c h  T e t r a e t h y l a m m o n i u m c h l o r i d  e r s e t z t  w u r d e ,  s i n d  
d ie  s e k r e t o r i s c h e n  P o t e n t i a l d i f f e r e n z e n  d e r  b a s a l e n  
A z i n u s z e l l m e m b r a n  v e r g r 6 s s e r t .  E i n  K a l i u m s t r o m  a u s  d e r  
A z i n u s z e l l e ,  d e r  t e i lwe i se  y o n  e i n e m  N a t r i u m s t r o m  in  d ie  
Zel le  k u r z g e s c h l o s s e n  wi rd ,  k 6 n n t e  d ie  s e k r e t o r i s c h e n  
P o t e n t i a l d i f f e r e n z e n  e rk l / t ren .  

O. H .  PETERSEN 10 
University o/ Copenhagen, 
Institute o/Medical Physiology C, 
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29 27.2 (4) 28.0 (7) - 
35 23.8 (7) 31.0 (7) 
36 23.t) (4) 29.0 (4) - 
37a 21.7 (3) 32.5 (6) 
38a 28.3 (4) 42.0 (4) - 

Total 24.8 j -  1.0 (22) 32.2 • 1.3 (28) p < 0.001 
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A His tamine -Dependent  Increase of 5 -Hydroxytryptamine  in the Rat Brain in vivo 

I n  a p r e v i o u s  r e p o r t  I we  h a v e  p r o d u c e d  e v i d e n c e  s u g -  
g e s t i n g  t h a t  t h e  c e r e b r a l  a c e t y l c h o l i n e ,  r e l e a s e d  d u r i n g  
c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a t i o n ,  is t r i g g e r i n g  a 
m e c h a n i s m  to  i n d u c e  a n  e n h a n c e m e n t  of  t h e  r a t e  of  s y n -  
t h e s i s  of  h i s t a m i n e  in  t h e  r a t  b r a i n .  T h e  p r e s e n t  d a t a  
s h o w  t h a t  t h e  i n c r e a s e  of  c e r e b r a l  h i s t a m i n e  d u r i n g  
c e n t r a l  n e r v o u s  s y s t e m  s t i m u l a t i o n  is in  t u r n  i n d u c i n g  a n  
i n c r e a s e  in  c e r e b r a l  5 - h y d r o x y t r y p t a m i n e .  

Material and method. A l b i n o  r a t s  of  e i t h e r  sex ,  7 0 - 1 2 0  g 
of b o d y  w e i g h t ,  we re  p l a c e d  in  i n d i v i d u a l  w o o d e n  c a g e s  
( 9 • 2 1 5  5 i nches )  p r o v i d e d  w i t h  a c o p p e r  w i r e d  g r i d  
b o t t o m  c o n n e c t e d  to  a n  e l ec t ron i c  s t i m u l a t o r .  E l e c t r i c a l  
s t i m u l a t i o n  w a s  a p p l i e d  to  t h e  p a w s  of  t h e  r a t  o v e r  a 
p e r i o d  of 5 m i n ,  8 c /sec ,  20 m s e c  d u r a t i o n ,  a n d  o v e r  a 
p e r i o d  of  30 m i n ,  4 c /sec ,  20 m s e c  d u r a t i o n .  A v o l t a g e  w a s  

e m p l o y e d  h i g h  e n o u g h  to  c a u s e  a d i s c r e t e  c o n t i n u o u s  
j u m p i n g  of  t h e  a n i m a l .  A t  t h e  e n d  o f  t h e  s t i m u l a t i o n  
p e r i o d ,  t h e  r a t s  we re  s ac r i f i c ed  b y  d e c a p i t a t i o n ,  t h e  b r a i n s  
w e r e  r e m o v e d  as  s o o n  as  p o s s i b l e  ( less  t h a n  3 ra in)  a n d  
t h e  c e r e b r a l  h e m i s p h e r e s  a n d  b r a i n  s t e m  h o m o g e n i z e d  in  
i ce -co ld  ac id  e t h a n o l .  A f t e r  e x t r a c t i o n ,  h i s t a m i n e  a n d  5- 
h y d r o x y t r y p t a m i n e  we re  s e p a r a t e d  b y  d e s c e n d i n g  p a p e r  
c h r o m a t o g r a p h y  u s i n g  \ V h a t m a n  p a p e r  No.  1 a n d  a sol-  
v e n t  s y s t e m  of  i s o p r o p a n o l - O . 1 N  H C I :  7 :3 .  C h r o m a t o -  
g r a m s  w e r e  r u n  for  18 h a t  r o o m  t e m p e r a t u r e  a n d  t h e  
e l u a t e s  a s s a y e d  in  t h e  g u i n e a - p i g  i l e u m  a n d  t h e  r a t  
s t o m a c h  r e s p e c t i v e l y .  Spec i f i c  a n t a g o n i s t s  w e r e  e m p l o y e d .  

l H. A. CAMPOS and H. JURUPE, Experientia, in press. 
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Changes in the levels of histamine and 5-hydroxytryptamine in the rat brain under various conditions 

EXPERIENTIA 26/6 

Treatment Histamine 

Cerebral hemispheres Brain stem 
(~g/g of 

5-hydroxytryptamine 

Cerebral hemispheres 
fresh tissue, Mean 4- S.E. b) 

Brain stem 

Controls (14) 1.74 q- 0.08 1.87 4- 0.06 0.34 • 0.01 0.41 • 0.02 
Elect. stim. 5 min (8) 2.48 4- 0.09 2.59 4- 0.05 0.43 4- 0.02 0.58 ~ 0.01 

(+43) (+39) (+26) (+41) 
Parathion (7) 2.42 4- 0.05 2,51 • 0,06 0.42 4- 0.01 0.56 4- 0.01 

(+39) (+34) (+24) (+37) 
Parathion + Elect. stim. 5 min (8) 3.60 -4- 0.21 4.09 4- 0.28 0.87 4- 0.08 1.11 4- 0.10 

(+107) (+119) (+156) (+171) 
L-Histidine (7) 2.03 4- 0.10 c 2.56 4- 0.11 0.45 4- 0.04 0.60 4- 0.03 

(+17) (+37) (+32) (+46) 
Parathion + L-Histidine (7) 4.05 4- 0.14 4.88 4- 0.15 0.72 -4- 0.10 0.94 -4- 0.10 

(+133) (+161) (+112) (+129) 
Elect. stim. 30 rain (6) 3.25 -t- 0.05 3.33 4- 0.05 0.84 4- 0.02 1.05 4- 0.02 

(+86) (+78) (+147) (+156) 
~-m-Histidine (8) 1.42 -r 0.04 1.56 4- 0.07 0.32 4- 0.02 a 0.44 4- 0.03 a 

(--18) (--17) (--6) (+7) 
~-m-Histidine + Elect. stim. 30 rain (8) 1.35 4- 0.04 1.50 4- 0.04 0.35 -4- 0.02 a 0.45 4- 0.01 a 

(--22) (--20) (+ 3) (+ 10) 
L-Tryptophan (8) 1.65 4- 0.07 a 1.87 -4- 0.07 0.88 -4- 0,02 0.97 4- 0.04 

(--5) (00) (+ 159) (+ 137) 

a For schedules and dosages see text. b In brackets under treatment, number of experiments. Other numbers in brackets, percent change of 
controls. All values for treated groups are different from controls, P < 0.01, except where indicated, c Different from controls, P < 0.05. 
a Not different from controls, P > 0.05. 

The h i s t amine  pur i f ica t ion included boil ing t h e  eluate.  
Moreover,  incuba t ion  wi th  c h y m o t r y p s i n  and  de t e rmina -  
t ion  of the  mel t ing  po in t  of t he  p ic ra te  der iva t ive  ob- 
t a ined  f rom pooled eluates  were also carr ied out.  Re-  
coveries were  over  65% for amoun t s  added  to  sample  
homogena t e s  in t he  range of concen t ra t ions  s tudied.  
Drugs  used for t r e a t m e n t s  added  to  sample  homogena te s  
did n o t  in ter fere  w i th  t he  procedure.  F u r t h e r  detai ls  will 
be publ i shed  elsewhere as pa r t  of a mul t i -assay  t echn ique  2. 

Results and discussion. The electrical  s t imula t ion  for 
5 min  induces  a s ignif icant  increase in h i s t amine  and  5- 
h y d r o x y t r y p t a m i n e  b o t h  in t he  cerebral  hemispheres  and  
bra in  s t em of t he  r a t  (Table). W h e n  para th ion ,  a cholin-  
es te rase ' inh ib i to r  3, is adminis te red ,  0.2 mg/kg  i.p., 30 min  
before sacrifice, t he  bra in  h i s t amine  s ignif icant ly  in- 
creases, and  th is  is accompanied  by  a s ignif icant  increase 
of t he  bra in  5 -hyd roxy t ryp t amine .  The physiological ly  
released cerebral  ace ty lchol ine  migh t  be  accumula ted  be-  
cause of t he  chol inesterase  inh ib i t ion  and  enhanc ing  th is  
way  the  syn thes i s  of h i s t amine  1 and  5 - h y d r o x y t r y p t -  
amine,  since the  la t t e r  amine  ha rd ly  t r averses  the  b lood-  
bra in  bar r ie r  4, 5. These effects are m u c h  be t t e r  observed  
w h e n  p a r a t h i o n  is combined  wi th  electr ical  s t imula t ion  
for 5 rain, when  p r e s u m a b l y  more  acety lchol ine  is re- 
leased e. The  cerebral  acetylchol ine  m i g h t  be simul-  
t aneous ly  speeding the  syn thes i s  of h i s t amine  and  5- 
h y d r o x y t r y p t a m i n e  or t he  increase of one amine  would be 
inducing t h e  increase of t h e  other .  W h e n  L-histidine, t he  
precursor  of h i s t amine  is adminis te red ,  1000 mg/kg  i.p. 
60 min  before sacrifice, b o t h  the  cerebral  h i s t amine  and  
5 - h y d r o x y t r y p t a m i n e  increase s ignif icant ly.  Moreover,  
when  the  syn thes i s  of h i s t amine  f rom L-hist idine is en- 
hanced  t h rough  the  p ro tec t ion  of ace ty lchol ine  wi th  
pa ra th ion  1, there  is also a larger increase of 5 -hydroxy-  
t r y p t a m i n e .  This  suggests  tha t ,  under  our  expe r imen ta l  
condi t ions ,  the  increase of b ra in  5 - h y d r o x y t r y p t a m i n e  
depends  on the  increase of b ra in  h i s tamine .  

Elec t r ica l  s t imula t ion  for 30 min  induces  m a r k e d  incre-  
m e n t s  of b o t h  amines  in the  brain.  Admin i s t r a t i on  of a- 
methyl -h is t id ine ,  a specific inhib i tor  of h is t id ine  decar-  
boxylase  ~, a t  t he  dose of 120 mg/kg  i.p. 60 m i n  before 

sacrifice, induces  a s ignif icant  deple t ion of the  b ra in  
h i s t amine  wi th  no change  in t he  levels of 5 -hydroxy t ryp t -  
amine.  Previous  admin i s t r a t i on  of ~-methyl -h is t id ine  
blocks the  o u t s t a n d i n g  inc remen t s  of b o t h  amines  in- 
duced by  the  electr ical  s t imula t ion  appl ied over  a per iod 
of 30 min.  This  f inding gives fu r ther  suppor t  to t he  
a s sumpt ion  t h a t  t he  5 - h y d r o x y t r y p t a m i n e  increase d e -  
pends  on the  h i s t amine  increase in the  bra in  dur ing cent ra l  
nervous  sys t em s t imula t ion .  Admin i s t r a t i on  of L- 
t r y p t o p h a n ,  600 mg/kg  i.p. 60 min  before sacrifice, in- 
duces  a m a r k e d  increase of cerebral  5 - h y d r o x y t r y p t a m i n e  
wi th  no change  in h is tamine ,  which  suggests  t h a t  t h e  
re la t ionship  be tween  the  changes  of h i s t amine  and 5- 
h y d r o x y t r y p t a m i n e  works  only  in one direction.  F r o m  
this  and  the  previous  repor t  x, a sequence of even ts  can be 
es tabl ished for acetylcholine,  h i s t amine  and 5-hydroxy-  
t r y p t a m i n e  in t he  cerebral  hemispheres  and bra in  s t em of 
the  rat ,  under  our  expe r imen ta l  condit ions,  dur ing  cent ra l  
nervous  sys t em s t imula t ion .  This  sequence can be 
schemat ized  as follows: ACh -~  HIST.--> 5-HT. 

Rdsumd. P e n d a n t  l ' exc i ta t ion  du sys teme  ne rveux  
cent ra l  du rat ,  on cons ta t e  une a u g m e n t a t i o n  de l 'h is t -  
amine  et  de la s6rotonine c6r6brales. L ' a u g m e n t a t i o n  de 
la s6rotonine d6pend de celle de l 'h i s tamine .  
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