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The e f f e c t s  of t h e  h i s t a m i n e  Ha r e c e p t o r  l i g a n d s  t h i o p e r a m i d e  and ( R ) - a -  

m e t h y l h i s t a m i n e  on t h e  h i s t i d i n e  d e c a r b o x y l a s e  (HDC) a c t i v i t y  and h i s t a m i n e  c o n -  

t e n t  of  mouse b r a i n  were examined.  T h i o p e r a m i d e ,  a h i s t a m i n e  H3 a n t a g o n i s t ,  

s i g n i f i c a n t l y  i n c r e a s e d  t he  HDC a c t i v i t y  in  t he  b r a i n  of  ddY, W/W v and ICR mice 

2-6 hr  a f t e r  i t s  i n t r a p e r i t o n e a l  ( i . p . )  i n j e c t i o n .  On t he  o t h e r  hand,  ( R ) - a -  

m e t h y l h i s t a m i n e ,  a h i s t a m i n e  H 3 - r e c e p t o r  a g o n i s t ,  c a u s e d  no s i g n i f i c a n t  c h a n g e  

in  t h e  HDC a c t i v i t y .  The whole b r a i n  h i s t a m i n e  c o n t e n t  of  ddY mice d e c r e a s e d  

s i g n i f i c a n t l y  to  6 0 - 7 0  % of  t h e  c o n t r o l  l e v e l  2 -8  h r  a f t e r  i n j e c t i o n  o f  

t h i o p e r a m i d e  (25 mg/kg, i . p ) ,  bu t  t h e n  i n c r e a s e d  to 90 % of t he  c o n t r o l  l e v e l  10 

h r  a f t e r  t h e  i n j e c t i o n .  T h e s e  in  v i v o  r e s u l t s  showed  t h a t  b t o c k a d e  of  t h e  

p r e s y n a p t i c  h i s t a m i n e  a 3 - r e c e p t o r ,  w h i c h  c a u s e s  r e l e a s e  of  p r e s y n a p t i c  h i s -  

t amine ,  i n c r e a s e d  t he  HDC a c t i v i t y .  ® 1992 Academic Press, Inc. 

Recently, the presence of histamine as a neurotransmitter or neuromodulator 

in  t he  ONS has  been e s t a b l i s h e d  ( 1 - 6 ) ,  and t he  p r e s e n c e  of  the  p r e s y n a p t i c  H3 

r e c e p t o r  h a s  b e e n  p r o v e d  by t h e  d e v e l o p m e n t  of  t h e  s p e c i f i c  a n t a g o n i s t  and 

a g o n i s t ,  t h i o p e r a m i d e  and ( R ) - a - m e t h y l h i s t a m i n e ,  r e s p e c t i v e l y  ( 7 , 8 ) .  A r r a n g  e t  

a l. showed t h a t  h i s t a m i n e  f o r m a t i o n  was i n c r e a s e d  by t h i o p e r a m i d e  and d e c r e a s e d  

by ( R ) - a  - m e t h y l h i s t a m i n e  in  s l i c e s  of r a t  b r a i n  (8) .  However, s i n c e  t he  e f -  

f e c t s  of  H 3 - r e c e p t o r  l i g a n d s  on t he  a c t i v i t y  of h i s t i d i n e  d e c a r b o x y l a s e  (HDC, L- 

h i s t i d i n e  c a r b o x y l y a s e ,  E . C . 4 . 1 . 1 . 2 2 )  h a v e  not  been s t u d i e d ,  t he  p o s s i b l e  in  

v i v o  r e l a t i o n s h i p  b e t w e e n  i n t r i n s i c  h i s t a m i n e  r e l e a s e  and HDC a c t i v i t y  i s  

unknown. 

A b b r e v i a t i o n  u s e d :  HDC, h i s t i d i n e  d e c a r b o x y l a s e ,  L - h i s t i d i n e  c a r b o x y l y a s e ,  

E.C. 4. 1. 1 .22.  
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We p r e v i o u s l y  r e p o r t e d  t h e  e f f e c t s  of  t h i o p e r a m i d e  on t h e  b e h a v i o r  and 

b r a i n  h i s t a m i n e  c o n t e n t  of  W/W ~ mice,  which were shown to  be m a s t - c e l l - d e f i c i e n t  

by K i t amura  e t  a l .  ( 9 ) :  At lower  d o s e s  (12 .5  and 25 mg/kg, i . p . ) ,  t h i o p e r a m i d e  

i n d u c e d  i n c r e a s e d  l o c o m o t o r  a c t i v i t y  of  t h e  mice,  p o s s i b l y  m e d i a t e d  by H~ a n d / o r  

H 2 - r e c e p t o r s ,  w i t h  c o n c o m i t a n t  d e c r e a s e  in  t h e  b r a i n  h i s t a m i n e  l e v e l ,  1 hr  a f t e r  

i n j e c t i o n  (10) .  S u b s e q u e n t l y ,  we r e p o r t e d  t h a t  t h i o p e r a m i d e  i n c r e a s e d  t h e  HDC 

a c t i v i t y  in  t h e  h y p o t h a l a m u s  of W/W ~ mice (11) .  Based on t h e s e  r e s u l t s ,  we a s -  

sumed t h e  e x i s t e n c e  of  a mechanism f o r  u p - r e g u l a t i o n  of  i n t r i n s i c  h i s t a m i n e  s y n -  

t h e s i s  in  t he  p o s t e r i o r  h y p o t h a l a m u s .  To c o n f i r m  t h i s  a s s u m p t i o n ,  we m e a s u r e d  

t he  HDC a c t i v i t y  in  t h e  b r a i n  of  t h r e e  s t r a i n s  of  mice,  ddY, W/W v and ICR mice,  

a f t e r  i n j e c t i o n s  of  t h i o p e r a m i d e  and ( R ) - a - m e t h y l h i s t a m i n e  and a l s o  m e a s u r e d  

t h e  b r a i n  h i s t a m i n e  c o n t e n t  of  ddg mice a f t e r  t h i o p e r a m i d e  i n j e c t i o n .  

MATERIALS AND METHODS 

Anima l s  and Drug T r e a t m e n t  

Male ddY, W/W~ and ICR mice  of  5 weeks o ld  were  p u r c h a s e d  f rom F u n a b a s h i  

Farm ( F u n a b a s h i ,  Chiba ,  J a p a n ) .  They were housed  a t  a c o n s t a n t  t e m p e r a t u r e  of  

22 + 2 °C wi th  c o n t r o l l e d  l i g h t i n g  ( 7 : 0 0 - 1 9 : 0 0 )  and had f r e e  a c c e s s  to  food and 

w a t e r .  T h i o p e r a m i d e  was d i s s o l v e d  in 1M ~Cl, d i l u t e d  and a d j u s t e d  to pH 7 w i t h  

sodium b i c a r b o n a t e ,  w h i l e  ( R ) - ~ - m e t h y l h i s t a m i n e  was d i s s o l v e d  in s a l i n e .  These  

d r u g s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  ( i . p . )  d u r i n g  l i g h t  p e r i o d .  At t he  i n d i -  

c a t e d  t imes ,  mice were k i l l e d  by d e c a p i t a t i o n  and t h e i r  b r a i n s  were  q u i c k l y  

removed and s t o r e d  a t  -80°C u n t i l  use .  

Measurement  oJ_f HDC A c t i v i t y  of  Mouse B r a i n  

The HDC a c t i v i t y  o f  mouse  b r a i n  w a s { e a s u r e d - a s  d e s c r i b e d  by Watanabe  e t  

a l .  (12) .  B r i e f l y ,  b r a i n s  were homogenized  in 10 volumes  of  HDO s o l u t i o n  [100 

mM p o t a s s i u m  p h o s p h a t e ,  pH 6 . 8 ,  0 . 2  mM d i t h i o t h r e i t o l ,  0 .01 mM p y r i d o x a l  5 ' -  

p h o s p h a t e ,  1 %  p o l y e t h y l e n e g l y c o l  ( a v e r a g e  m o l e c u l a r  we igh t  300) and 100 Z g/ml 

p h e n y l m e t h a n e s u l f o n y l f l u o r i d e ]  in  a P o l y t r o n  h o m o g e n i z e r  ( K i n e m a t i c a ,  Lucern ,  

S w i t z e r l a n d )  a t  a maximum s e t t i n g  f o r  two 1 0 - s e e  p e r i o d s  in  an i c e  b a t h .  The 

h o m o g e n a t e  was c e n t r i f u g e d  a t  1 0 , 0 0 0  x g f o r  30 min and t he  s u p e r n a t a n t  was 

d i a l y z e d  a g a i n s t  ~DC s o l u t i o n  o v e r n i g h t .  The HDC r e a c t i o n  was s t a r t e d  by a d d i n g  

0 .5  mM L - h i s t i d i n e  ( f i n a l  c o n c e n t r a t i o n )  and a f t e r  4 hr  t he  h i s t a m i n e  p r o d u c e d  

was m e a s u r e d  by t h e  H P L e - f l u o r e s c e n c e  me thod  d e s c r i b e d  by Yamatoadani  e t  a t .  

(13) .  S h o r t l y ,  h i s t a m i n e  was s e p a r a t e d  by t he  HPLC sys tem,  p o s t l a b e l l e d  w i th  o-  

p h t h a l a l d e h y d e  and d e t e c t e d  f l u o r o m e t r i c a l l y  w i t h  an F S - 8 0 1 0  f l u o r o m e t e r  

(Tosoh,  Tokyo, J apan )  u s i n g  e x c i t a t i o n  and e m i s s i o n  w a v e l e n g t h s  of  360 and 450 
nm, r e s p e c t i v e l y .  

Measurement  of  H i s t a m i n e  C o n t e n t  of Mouse B r a i n  

B r a i n s  were homogen ized  in 2.6 ml of 3 % p e r c h l o r i c  a c i d  c o n t a i n i n g  5 mM 

BDTA-Na2 in  a P o l y t r o n ,  and t h e  homogena te  was c e n t r i f u g e d  a t  12 ,000 x g f o r  20 

min. The h i s t a m i n e  in t he  r e s u l t i n g  s u p e r n a t n a t  was t h e n  measu red  by t he  HPLC- 

f l u o r e s c e n c e  method as d e s c r i b e d  above.  
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S t a t i s t i c s  

Data were a n a l y z e d  by S t u d e n t ' s  L - t e s t  and v a l u e s  of  P < 0 . 0 5  were t aken  as 

s i g n i f i c a n t .  

KESOLTS 

E f f e c t  of  H3-Ligands on the  HDC A c t i v i t y  of Mouse Bra in  

As shown in Fig.  1A and B, t h i o p e r a m i d e  (25 mg/kg, i . p . )  s i g n i f i c a n t l y  i n -  

c r e a s e d  the  HDC a c t i v i t y  in the  b r a i n  of ddY and W/W ~ mice, r e s p e c t i v e l y ,  2 hr 

a f t e r  i t s  a d m i n i s t r a t i o n ,  and t h i s  i n c r e a s e d  a c t i v i t y  p e r s i s t e d  u n t i l  a t  l e a s t  6 

hr a f t e r  t r e a t m e n t ,  r h i o p e r a m i d e  a l s o  i n c r e a s e d  the  HDC a c t i v i t y  in t he  b r a i n  

of  ICR mice 6 h r s  a f t e r  i t s  a d m i n i s t r a t i o n  at  25 mg/kg ( d a t a  not  shown).  On the  

c o n t r a r y ,  ( R ) - a  - m e t h y l h i s t a m i n e  had no s i g n i f i c a n t  e f f e c t  on t h e  HDC a c t i v i t y  

of  ddY mouse b r a i n  ( d a t a  not  shown). As shown in Table  1, 3 hr a f t e r  i n j e c t i o n  

of  t h i o p e r a m i d e  ( 6 . 2 5 ,  12 .5  and 25 mg/kg,  i . p . )  t h e  HDC a c t i v i t y  was s i g -  

n i f i e a n t l y  i n c r e a s e d  in both  the  c o r t e x  and m i d b r a i n  of ddY and W/W" mice,  con -  

s i s t e n t  w i th  p r e v i o u s  r e s u l t s  (11).  

E f f e c t  of H3-Ligands on the  H i s t a m i n e  Con ten t  o f  Mouse Bra in  

As shown in Fig.  2, the  whole b r a i n  h i s t a m i n e  c o n t e n t  of  ddY mice was s i g -  

n i f i c a n t l y  d e e r e a s e d  2 hr  a f t e r  i n j e c t i o n  of  t h i o p e r a m i d e  (25 mg/kg,  i . p . ) ,  
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Fig. i. Time course of inc rease  in HDC a c t i v i t y  induced by thioperamide,  ddY 
(k) and W/W ~ (B) mice were t r e a t e d  i . p .  with 25 mg/kg of t h i o p e r a m i d e  and 
k i l l e d  by d e c a p i t a t i o n  at the i n d i c a t e d  t imes .  Thei r  b r a i n s  were qu ick ly  
taken out and HDC a c t i v i t y  was measured as descr ibed  in Mater ia l s  and Methods. 
*P < 0.05. 
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T a b l e  1. HDC a c t i v i t y  in  t he  b r a i n  of mice 

t r e a t e d  wi th  t h i o p e r a m i d e  

S t r a i n  Region Dose of t h i o p e r a m i d e  HDC a c t i v i t y  

(mg) (pmol/min/mg p r o t . )  

ddy Cortex 0.0 0.216 L 0.016 
6.25 0.264 + 0.040 

12.5 0.838 + 0.029" 

ddy Midbra in  0.0 0.607 ± 0.101 

6.25 0.665 + 0.056 

12.5 0.664 + 0.094 

25 0.953 + 0.075" 

W/W v Cor tex  0.0 0.390 ± 0.059 

25 0.414 + 0.084 

Midbra in  0.0 0.559 + 0.056 

25 0.832 + 0.321" 

Mice were i n j e c t e d  i . p .  wi th  s a l i n e  or t h i o p e r a m i d e  and k i l l e d  

by d e c a p i t a t i o n  3 hr l a t e r .  The i r  b r a i n s  were q u i c k l y  taken  

out and HDC a c t i v i t y  was measured as d e s c r i b e d  in M a t e r i a l s  

and Methods. " P < 0 . 0 5 ,  n= 4. 
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Fig.  2. Time c o u r s e  of changes  in  b r a i n  h i s t a m i n e  c o n t e n t  of ddg mice a f t e r  

t h i o p e r a m i d e  i n j e c t i o n ,  ddY m i c e  w e r e  t r e a t e d  i . p .  w i t h  25 m g / k g  o f  

t h i o p e r a m i d e  and k i l l e d  by d e c a p i t a t i o n  a t  the  i n d i c a t e d  t imes .  B r a i n s  were 

q u i c k l y  t aken  out and h i s t a m i n e  c o n t e n t  was measured as d e s c r i b e d  in M a t e r i a l s  

and Methods. "P< 0.05.  

124 



Vol. 185, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

r e m a i n e d  a t  a r e d u c e d  l e v e l  u n t i l  8 hr  a f t e r  t he  i n j e c t i o n ,  and t h e n  i n c r e a s e d  

to  90 % of  t h e  c o n t r o l  l e v e l  a f t e r  10 hr .  

DISCUSSION 

Intrinsic histamine is thought to have an important role in the CN$ (I-3). 

I t s  r e l e a s e  i s  h i g h l y  c o n t r o l l e d  by H 3 - r e c e p t o r s  (4 -8 )  and i t  i s  r e p l e n i s h e d  by 

a h i s t a m i n e - s y n t h e s i z i n g  enzyme, HDC, p r e s e n t  in  the  t u b e r o m a m m i l l a r y  n u c l e u s  of  

t he  p o s t e r i o r  h y p o t h a l a m u s  (14) .  S e v e r a l  r e p o r t s  have  shown a r e l a t i o n s h i p  be -  

tween i n t r i n s i c  h i s t a m i n e  and t he  c i r c a d i a n  rhy thm ( 1 5 - 1 9 ) ,  bu t  t h e r e  a r e  o n l y  a 

few r e p o r t s  on t he  r e l a t i o n s h i p  be tween  h i s t a m i n e  r e l e a s e  and s y n t h e s i s  ( 2 0 , 2 1 ) .  

T h i o p e r a m i d e ,  an H 3 - a n t a g o n i s t ,  has  been  found to e n h a n c e  h i s t a m i n e  r e l e a s e  from 

h i s t a m i n e r g i c  p r e s y n a p s e s ,  t h u s  a f f e c t i n g  t he  l e v e l s  of  h i s t a m i n e  and i t s  m e t a -  

b o l i t e s  in t h e  b r a i n  ( 22 ,23 )  and m o d i f y i n g  t h e  a c t i v i t y  o f  t h e  h i s t a m i n e r g i c  

n e u r o n  sys tem ( 7 , 8 ) .  

We have  r e p o r t e d  t h a t  t h i o p e r a m i d e  i n c r e a s e d  t he  l o c o m o t o r  a c t i v i t y  of  W/W" 

m i c e  w i t h  c o n c o m i t a n t  d e c r e a s e  of  the  h i s t a m i n e  l e v e l  and i n c r e a s e  of  t he  HDC 

a c t i v i t y  ( 1 0 , 1 1 ) .  These  o b s e r v a t i o n s  were  c o n f i r m e d  in  two o t h e r  s t r a i n s  of  

mice  in  t h e  p r e s e n t  s t u d y .  In t he  p r e s e n t  s t u d y ,  we f o l l o w e d  t he  change  in  t he  

b r a i n  h i s t a m i n e  c o n t e n t  f o r  a l o n g  p e r i o d  a f t e r  t h i o p e r a m i d e  i n j e c t i o n .  We 

f o u n d  t h a t  t h e  h i s t a m i n e  c o n t e n t  of t he  b r a i n  d e c r e a s e d  to 60-70 % of  t h a t  of  

c o n t r o l s  f o r  6 hr  a f t e r  t h i o p e r a m i d e  i n j e c t i o n ,  but  was r e s t o r e d  to  90 % of t he  

c o n t r o l  l e v e l  a f t e r  10 hr .  Thus, we assumed t h a t  t he  e n h a n c e m e n t  of  b r a i n  HDC 

a c t i v i t y  a f t e r  t h i o p e r a m i d e  i n j e c t i o n  was to  r e p l e n i s h  t h e  h i s t a m i n e  in  t e r -  

m i n a l s  a f t e r  i t s  p r e s y n a p t i c  r e l e a s e .  

We f o u n d  t h a t  a f t e r  t h i o p e r a m i d e  i n j e c t i o n ,  t he  b r a i n  h i s t a m i n e  l e v e l  of  

ddY mice d e c r e a s e d ,  and t h e n  t he  b r a i n  HDC a c t i v i t y  g r a d u a l l y  i n c r e a s e d .  The 

i n c r e a s e  of  h i s t a m i n e  i0 hr  a f t e r  t h i o p e r a m i d e  a d m i n i s t r a t i o n  may be caused  by 

u p - r e g u l a t i o n  of  HDC a c t i v i t y  t r i g g e r e d  by d e c r e a s e  of  h i s t a m i n e  in p r e s y n a p s e s .  

In t h i s  e x p e r i m e n t ,  t he  r e c o v e r y  of  t he  h i s t a m i n e  c o n t e n t  of  t he  b r a i n  was slow, 

b e c a u s e  h i s t a m i n e  r e l e a s e  i n d u c e d  by t h i o p e r m i d e  c o n t i n u e d  in s p i t e  of  t h e  up-  

r e g u l a t i o n  of  t h e  HDC a c t i v i t y ,  On t he  c o n t r a r y ,  ( R ) - a  - m e t h y l h i s t a m i n e  i n j e c -  

t l o n  c a u s e d  no s i g n i f i c a n t  change  in HDC a c t i v i t y ,  a l t h o u g h  i t  c a u s e d  marked i n -  

c r e a s e  in t he  b r a i n  h i s t a m i n e  l e v e l s  (Saka i  e t  a I . ,  s u b m i t t e d  to  Eur. J. P h a r -  

m a c o l . ) .  As i t  i s  p o s s i b e  t h a t  a sma l l  d e c r e a s e  in  HDC a c t i v i t y  in  t he  b r a i n  

c a u s e d  by ( R ) - a  - m e t h y l h i s t a m i n e  would not  be d e t e c t e d  w i t h  ou r  a s s a y  s y s t e m ,  

s t u d i e s  on change  in  l e v e l  of HDC mRNA l e v e l  would be i n t e r e s t i n g .  

In t h i s  work, we s t u d i e d  t he  HDC a c t i v i t y  a f t e r  t h i o p e r a m i d e  i n j e c t i o n  to  

d e t e r m i n e  w h e t h e r  h i s t a m i n e  r e l e a s e  i s  r e l a t e d  w i t h  i n t r i n s i c  h i s t a m i n e  s y n -  

t h e s i s .  Our ' r e s u l t s  showed a c l o s e  r e l a t i o n s h i p  be tween  d e c r e a s e  in  h i s t a m i n e  

and i n c r e a s e  in HDC a c t i v i t y  i n d u c e d  by t h i o p e r a m i d e :  a f t e r  i n j e c t i o n  of  t h i s  

d rug ,  t h e  amount of h i s t a m i n e  r e l e a s e d  was s y n t h e s i z e d  w i t h i n  10 hr  owing to  t h e  

e n h a n c e m e n t  of  HDC a c t i v i t y .  
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