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SUMMARY 

I n  o r d e r  t o  s tudy  some a s p e c t s  of  t h e  c e n t r a l  metabolism of  h i s t amine  

r 3  3 w e  have prepared N - [ H]methylhistamine d ihydroch lo r ide  from [ Hlmethyl i o d i d e  

by chemical s y n t h e s i s  and NT-methyl [a,8,2,4,5-14C51histamine d ihydroch lo r ide  

from [ ~ , 8 , 2 , 4 , 5 - ’ ~ c  ]his tamine d ihydroch lo r ide  by an enzymatic method. 

Key words: N - [ H]methylhistamine d ihydroch lo r ide ,  NT-methyl [ a ,@,2 ,4 ,5 -  C5]- 

h i s t amine  d ihydroch lo r ide ,  chemical s y n t h e s i s ,  enzymatic  s y n t h e s i s .  
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INTRODUCTION 

A major r o u t e  of ca t abo l i sm of t h e  b i o l o g i c a l l y  important  subs t ance  

h i s t amine  (L) (’”) i s  by methylat ion t o  y i e l d  NT-methylhistamine c a t a l y z e d  

by t h e  enzyme h i s t amine  N-methyl t ransferase (EC 2.1.1.8)(3)  w i th  the  

coenzyme S-adenosylmethionine as methyl group donor.  

appears  t o  be v i r t u a l l y  devoid of p h y s i o l o g i c a l  a c t i v i t y ,  t h i s  pathway 

r e p r e s e n t s  an i n a c t i v a t i o n  rou te  f o r  h i s t amine .  A s  p a r t  of our  i n v e s t i g a t i o n  

of t h e  f u n c t i o n  of h i s t amine  i n  the  b r a i n ,  w e  wished t o  s tudy  some a s p e c t s  of  

t h e  c e n t r a l  metabolism of t iT-methylhistamine. (4)  During the  course of 

t h i s  work w e  have p repa red  r a d i o l a b e l l e d  f l -methylhis tamine by chemical 

and enzymatic  methods. 

T 
Since N -methylhistamine 
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Rothsch i ld  and S ~ h a y e r ' ~ )  p repa red  low s p e c i f i c  a c t i v i t y  (178pCi/mmol) 

NT-methy1[14C]histamine d i h y d r o c h l o r i d e  chemica l ly  i n  unquoted y i e l d  by 

me thy la t ion  of ace ty l [14C]h i s t amine ,  s e p a r a t i n g  t h e  co-product Nn-methy1[14C] - 
h i s t amine  by r e c r y s t a l l i s a t i o n  of t h e  d i p i c r a t e  s a l t s .  We wish  t o  d e s c r i b e  

an  unambiguous chemical s y n t h e s i s  of NT-me t h y  l h i s  t arnine d ihydroch  l o r i d e  (1) 
l a b e l l e d  s p e c i f i c a l l y  i n  t h e  NT-methyl p o s i t i o n  based  on t h e  method developed  

by Durant and co-workers . ( 6 )  

from u n l a b e l l e d  h i s t amine  d ihydroch lo r ide  (L) v i a  t h e  c y c l i c  u r e a  (3) u s i n g  

t r i t i a t e d  methyl i o d i d e  as shown i n  Scheme 1. 

3 Thus we have p repa red  NT-  [ Hlmethylh is tamine  (2-) 

SCHEME 1 

* deno tes  t r i t i u m  r a d i o l a b e l  
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We cons ide red  t h i s  s y n t h e t i c  r o u t e  t o  be p a r t i c u l a r l y  s u i t a b l e  

a s  t h i s  method of amine p r o t e c t i o n  would e n s u r e  an unambiguous 

me thy la t ion  a t  t h e  NT-pos i t ion  a t  a s u f f i c i e n t l y  l a t e  s t a g e  i n  t h e  

s y n t h e s i s  t o  e n s u r e  a r easonab le  r ad iochemica l  y i e l d .  Using t h i s  

method t h e  product  (2) was o b t a i n e d  a t  a s p e c i f i c  a c t i v i t y  o f  

66.9 mCi/mmol and ,  a f t e r  e x t e n s i v e  p u r i f i c a t i o n ,  i n  a 21% o v e r a l l  

r ad iochemica l  y i e l d .  

d ihydroch lo r ide  (2) was c o n f i r E d  by co-chromatography w i t h  a u t h e n t i c  

material and a r ad iochemica l  p u r i t y  of 98% was e s t a b l i s h e d .  

3 The a u t h e n t i c i t y  of t h e  NT- 1 Hlmethylh is tamine  

We have a l s o  p repa red  by an enzymat ic  method a h igh  s p e c i f i c  

a c t i v i t y  carbon-14 l a b e l l e d  NT-methylhistamine d i h y d r o c h l o r i d e  (i), 
l a b e l l e d  i n  t h e  h i s t amine  moiety r a t h e r  t han  t h e  NT-methyl group. 

Th i s  a f f o r d e d  a h i g h e r  s p e c i f i c  a c t i v i t y  and r ad iochemica l  y i e l d  

than  could  be  ob ta ined  u s i n g  a m u l t i s t a g e  chemica l  s y n t h e s i s  such  

as t h a t  d e s c r i b e d  above. 

i n  v i v o  and i n  v i t r o  enzymat ic  p r e p a r a t i o n s  of r a d i o l a b e l l e d  

NT-methylhistamine. 

d e s c r i b e d  by Beaven and Jacobsen  

h i s t amine  d i h y d r o c h l o r i d e  from [B-3Hlhistamine u s i n g  a 3 hour  i n c u b a t i o n  

w i t h  a h i s t amine  m e t h y l t r a n s f e r a s e  p r e p a r a t i o n  and e x c e s s  

S-adenosylmethionine.  The p roduc t  was p u r i f i e d  by t h e  a d d i t i o n  of d i l u t e  

sodium hydroxide  t o  t h e  r e a c t i o n  medium, e x t r a c t i o n  i n t o  ch loroform 

and back-ex t r ac t ion  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d .  Although t h e  p roduc t  

was shown t o  be of h igh  p u r i t y  no rad iochemica l  y i e l d  w a s  quo ted .  

S e v e r a l  workers (7-10) have d e s c r i b e d  b o t h  

The method most a p p r o p r i a t e  t o  o u r  needs  w a s  t h a t  

3 who p repa red  NT-methyl [B - H I  

We have developed t h i s  method u s i n g  [a,B,2,4,5-14C ]h is tamine  

d ihydroch lo r ide  (5) and e s t a b l i s h e d  c o n d i t i o n s  which g ive  v i r t u a l l y  

q u a n t i t a t i v e  convers ion  t o  t h e  r e q u i r e d  Nr-methyl [a,B,2,4,5- 

5 

14 
c51 

h i s t amine  d ihydroch lo r ide  (5) a s  shown i n  Scheme 2 .  
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SCHEME 2 

7=YH2CH2NH2 .2HC 1 

HN+N 

* denotes  carbon-14 r a d i o l a b e l  

I s o l a t i o n  of t h e  product  was achieved by t h i n  l a y e r  chromatography 

on c e l l u l o s e  t o  y i e l d  a product  of s p e c i f i c  a c t i v i t y  290 mCi /mol  i n  

an o v e r a l l  radiochemical  y i e l d  of 60%. 

was confirmed by co-chromatography wi th  a u t h e n t i c  m a t e r i a l  and 

radiochemical  p u r i t i e s  of over  95% were ob ta ined .  

d ihydroch lo r ide  (5) i f  p r e s e n t  accounted f o r  less than 0.5% of t h e  

t o t a l  r a d i o a c t i v i t y .  , 

The a u t h e n t i c i t y  of t he  product  (4) 

[u,5,2,4,fi-14Cj1Histamine 

A major depa r tu re  from t h e  method of Beaven and Jacobsen'lO'was 

i n  t h e  method of i s o l a t i o n  of t h e  r a d i o l a b e l l e d  NT-methylhistamine (4>. 
We found t h a t  t h e  e x t r a c t i o n  procedure u s i n g  chloroform and s t r o n g l y  

a l k a l i n e  s o l u t i o n s  on a mic rosca le  r e s u l t e d  i n  s u b s t a n t i a l  conversion 

of t h e  N'-methylhistarnine (5) t o  an u n i d e n t i f i e d  p roduc t .  

was no t  formed when the  p u r i f i c a t i o n  was c a r r i e d  ou t  by t h i n  l a y e r  

chromatography. 

This  product  
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EXPERIMENTAL 

Genera l  

14 T r i t i a t e d  methyl i o d i d e  and [ a , B , 2 , 4 , 5 -  C51histamine d i h y d r o c h l o r i d e  

were s u p p l i e d  by t h e  Radiochemical Cent re  L td .  S-Adenosylmethionine 

i o d i d e  (Grade 1) was s u p p l i e d  by Sigma. N,N-Dimethylformamide 

(F i sons  Ltd)  was d r i e d  over  molecular  s i e v e s  type  3A (BDH Chemicals Ltd)  

b e f o r e  use .  Un labe l l ed  methyl i o d i d e  (May and Baker Ltd) and a l l  

o t h e r  r e a g e n t s  were of a n a l y t i c a l  g rade .  

The s i l i c a  g e l  ( t y p e  60F254) and c e l l u l o s e  (Av ice l )  chromatography 

p l a t e s  were s u p p l i e d  by E .  Merck and Anachem Ltd .  r e s p e c t i v e l y .  E l u a n t  

sys tems used f o r  t h e  deve lop ren t  of t h e  chromatography p l a t e s  con ta ined  

ch loroform,  methanol and 0.88  ammon a s o l u t i o n  i n  t h e  fo l lowing  r a t i o s  

by volume. 

Bystem A ;  10:7:1,  System B; 1 0 : 5 : 1 ,  System C ;  2 5 : 2 5 : 2  

Liqu id  s c i n t i l l a t i o n  coun t ing  was c a r r i e d  o u t  u s i n g  Nuclear  

E n t e r p r i s e s  L iqu id  S c i n t i l l a t i o n  Spec t romete r  models 8310 o r  8312 

and m i c e l l a r  s c i n t i l l a t o r  NE260. D i g e s t i o n  of s i l i c a  g e l  p r i o r  t o  

l i q u i d  s c i n t i l l a t i o n  coun t ing  was e f f e c t e d  u s i n g  40% h y d r o f l u o r i c  a c i d  

(BDH Chemicals Ltd)  . The r a d i o a c t i v e  scann ing  of t h i n - l a y e r  chromatograms 

was performed u s i n g  a Panax  Thin Layer Scanner  (Type RTLS-1A). 

pho tograph ic  pape r  (Kodak Ltd . )  w a s  used f o r  au to rad iog raphy .  

Kodi rex  

3 NT - [ HI  Me thy  l h i  s t amine d i  hy d r  o ch 1 o r  i de ( 2 )  

765 

3 N T - [  HlMethylhistamine d ihydroch lo r ide  (2) was p repa red  by a method 

( 6 )  based on t h a t  d e s c r i b e d  by Durant and co-workers. 

Un labe l l ed  methyl i o d i d e  ( 3 2 . 4  p1, 74.2  mg, 0.52  mmol) w a s  t r a n s f e r r e d  
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3 via a vacuum manifold into a limb containing [ Hlmethyl iodide 

(0.93 ul, 2.1 mg, 0.015 mmol, 25 mCi, 1.68 Ci/mnol). 
3 The resulting isotopically diluted [ Hlmethyl iodide was transferred 

under vacuum into dry N,N-dimethylformamide (200 ~ 1 ) .  After careful 

venting of the apparatus under dry nitrogen at -70' the [3H]methyl 

iodide was transferred with further dry N,N-dimethylformamide (300 ~ 1 )  

into a glass vial containing 5-0~0-5,6,7,8-tetrahydroimidazo- 

[l,S-c]pyrimidine (3) (33 .8  mg, 0.25 mmol) which had been prepared by 

the method of Mechoulam and Hirshfeld. (11) 

The sealed vial was heated at 85OC for 24 hours. At the end of this 

time the reaction mixture was cooled to 2OoC and dry ether (3ml) was 

added causing 2-[ H]methyl-5-0~0-5,6,7,8-tetrahydroimidazo- 

[1,5-c]pyrimidinium iodide (6) to precipitate as a buff coloured solid. 
The supernatant liquid was removed and the residual solid was dried 

for 1 hour in vacuo and then heated at 100°C in the dark for 20 hours 

in 6M hydrochloric acid (300 ul). 

3 

Thin layer chromatography of the freeze-dried product on silica 

gel using System A as eluant showed the presence of the required 

N -[ Hlmethylhistamine dihydrochloride (2) together.with several 

radiochemical impurities. 

T 3  

The product was purified by preparative layer chromatography on 

silica gel using system A as eluant, the product being extracted from the 

silica gel with 0.1M hydrochloric acid. The acid extract was basified 

with excess sodium bicarbonate and freeze-dried. 

(2) was extracted from the freeze-dried solid by repeated washing with 

chloroform, which was in turn evaporated to dryness under a stream 

of nitrogen. 

acid which was then freeze-dried tp yield the required 

N'I-[ 3H] methylhistamine dihydrochloride (2) in 21% radiochemical yield 

3 The Nr-[ Hlmethylhistamine 

The resulting oil was dissolved in 1M hydrochloric 
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(15.6 mg, 0.080 mmol, s p e c i f i c  a c t i v i t y  (12) 66.9 m C i / m o l )  . 
The r ad iochemica l  p u r i t y  of t h e  product  w a s  de te rmined  by t h i n  

l a y e r  chromatography on s i l i c a  g e l  u s i n g  System A a s  e l u a n t  fo l lowed by 

r a d i o a c t i v e  scann ing .  Th i s  i n d i c a t e d  t h a t  t h e  product  (2) was 

ch romatograph ica l ly  i d e n t i c a l  w i t h  a u t h e n t i c .  NT-methylhistamine and had  

a rad iochemica l  p u r i t y  g r e a t e r  t han  98%. 

H i  s t amine N-me thy  1 t r ans f e r a s e  

The enzyme was p repa red  from guinea-p ig  b r a i n  u s i n g  t h e  method 

of M i l l e r  and co-workers (13 ) ,  excep t  t h a t  t h e  f i n a l  p e l l e t  was d i s s o l v e d  

i n  0 . 0 1  M phosphate  b u f f e r  ( 6 0  m l ,  pH 7.4) f o r  ove rn igh t  d i a l y s i s .  

The d i a l y s a t e  ( 6 . 8  mg p r o t e i n  p e r  ml) was n o t  f r e e z e - d r i e d  b u t  was 

f r o z e n  i n  a l i q u o t s  u s i n g  l i q u i d  n i ' t rogen  and s t o r e d  a t  -4OOC. 

14 "-Methyl [a,B,2,4,5- C ]h i s t amine  d ihydroch lo r ide  ( 4 )  5 -- 

[ a  , B  , 2 , 4  ,5-14C51Histaminc d ihydroch lo r ide  (5) (0 .033  mg, 0.17 ,mol, 

5OuCi, 290 mCi/mmol), S-adenosylmethionine i o d i d e ( 3  mg, 0.006 mmol) and 

h i s t amine  N-methyl t ransferase  d i a l y s a t e  ( 1  ml) were incuba ted  i n  0.05M 

phosphate  b u f f e r  (pH 7.4, t o t a l  volume 20 ml) f o r  7 hours  a t  37OC, 

a f t e r  which t i m e  t h i n  l a y e r  chromatography on s i l i c a  g e l  u s i n g  sys t em B 

as  e l u a n t  i n d i c a t e d  a v i x t u a l l y  q u a n t i t a t i v e  convers ion  t o  t h e  r e q u i r e d  

NT-methyl [a,B ,2 ,4 ,5-  C5]his tamine  d ihydroch lo r ide  (4). The r e a c t i o n  

mixture  was f r e e z e - d r i e d  and t h e  r e s i d u e  t aken  up i n  a small  volume of 

wa te r  f o r  p u r i f i c a t i o n  by t h i n  l a y e r  chromatography on c e l l u l o s e  u s i n g  

sys tem C as e l u a n t .  The area on t h e  developed chromatogram c o n t a i n i n g  

NT-methyl[a,B ,2,4,5-14C5]histamine (4) - was e x t r a c t e d  w i t h  0 . 0 1  M 

h y d r o c h l o r i c  a c i d  which was then  f r e e z e - d r i e d .  

14 
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The residue was redissolved in 0.01 M hydrochloric acid and re-chromatographed 

using the same chromatographic system. 

extract of the NT-methylhistamine band was freeze-dried and the product 

(4)  was isolated as a solution in 0.01 M hydrochloric acid (7 ml) to give 

30 VCi of radioactivity in a 60% radiochemical yield (specific activity 

assumed to be unchanged at 290 mCi/mol). 

The 0.01 M hydrochloric acid 

Thin layer chromatography on silica gel using eluant system B and 

cellulose using eluant system C indicated that the product (5) was 
chromatographically identical with authentic NT-methylhistamine 

dihydrochloride with a radiochemical purity of not less than 95%. 

[a,8,2,4,5-14c ]Histamine dihydrochloride (5) if present accounted 

for less than 0.5% of the total radioactivity. 
5 
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