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An Alternative Route for Biosynthesis of Methylhistamine: In vitro and in vivo Formation Through 
Decarboxylation of L-3-Methylhistidine 

M e t h y l h i s t a m i n e  (MHA) (1-methyl -4  ( f i -aminoethyl  im-  
idazole) is k n o w n  as one of t h e  m a i n  m e t abo l i t e s  of h i s t a -  
m ine  (HA), r e su l t ing  f rom t h e  ac t ion  of h i s t a m i n e - N -  
m e t h y l t r a n s f e r a s e  ~,2. T he  p r e s en t  work  offers ev idence  
for an  a l t e rna t i ve  rou te  for t he  b io syn thes i s  of M H A  which  
consis ts  in  t h e  d e c a r b o x y l a t i o n  of t h e  na t u r a l l y - occu r ing  
amino  acid, L-3-methy lh i s t id ine  (Mehis). T he  e n z y m e  in- 
vo lved  appea r s  to  be  h i s t id ine  deca rboxy lase  (HD). 

Methods.  Severa l  p r e p a r a t i o n s  k n o w n  to  posses h igh  I-ID 
ac t iv i t ies  in  v i t ro  were t e s t ed  for t h e i r  ab i l i ty  to  deear-  
b o x y l a t e  L-his t id ine  (His) or Mehis :  1. T he  s u p e r n a t a n t  
f luid o b t a i n e d  b y  h o m o g e n i z a t i o n  of r a t  g l andu la r  s tom-  
ach  in 5 vo lumes  of 0 . 0 8 M  p h o s p h a t e  buffer  p H  7, fol- 
lowed b y  cen t r i f uga t i on  for 20 m i n  a t  10,000 g~. 2. Mast-  
cells i so la ted  f rom r a t  pe r i t onea l  f luid accord ing  to the  
p rocedure  of J o ~ N s o ~  a n d  MORAN 4. 3. A soluble  p repa ra -  
t ion  of bac te r i a l  H D  o b t a i n e d  f rom a n  ace tone-dr ied  
powder  of Cl. welchii  ~, ~. 

I n c u b a t i o n s  were pe r fo rmed  in t he  presence  of t r ace r  
a m o u n t s  of label led  a m i n o  acids, i.e. 1~1.5 ~.Ci/ml of 
~H-tI is  (The r ad iochemica l  Center,  A m e r s h a m ;  sp. act.  
9.1 Ci /mmole)  or aH-Mehis (New E n g l a n d  Nuc lea r  Corp;  
sp. act.  4.34 Ci/mmole) .  B o t h  t he  chemica ls  h a v e  pre-  
v ious ly  been  pur i f ied  b y  passage  on to  co lumns  of A m b e r -  
l i te  CG 50 followed b y  e v a p o r a t i o n  u n d e r  r educed  pres-  
sure in  order  to  r emove  t races  of ~H-amines  and  ~H-water ;  
t he i r  p u r i t y  (~> 98%) was checked  b y  t h i n - l a y e r  chro- 
m a t o g r a p h y  in severa l  so lven t  sys tems.  

A t  t he  end  of 1 h- or 2 h - incuba t ions ,  t he  ~H-h i s tamine  
fo rmed  was assayed  b y  i so tope  d i l u t i o n t  a l l , m e t h y l -  
h i s t a m i n e  was i so la ted  b y  passage  on to  an  Amber l i t e  CG 
50 co lumn  followed b y  so lven t  e x t r a c t i o n  a. I n  th i s  two-  
s tep  pur i f i ca t ion  procedure ,  t h e  r ecovery  for aH-MHA 
was 4 5 - 5 5 %  while  c o n t a m i n a t i o n  b y  ~H-Mehis was  less 
t h a n  0.01~ Accordingly ,  SH-MHA levels were  cor rec ted  
for these  values.  The  i d e n t i t y  of t h e  label led  chemica l  
i so la ted  in th i s  way,  a t  t he  end  of a 2 h - i n c u b a t i o n  w i th  
t he  r a t  s t o m a c h  H D  p repa ra t i on ,  was assessed b y  ch r oma-  
t o g r a p h y  on  cellulose t h i n q a y e r s :  in  t he  2 so lven t  sys- 
tems,  i.e. ch lo roform - m e t h a n o l  - a m m o n i a  (12: 7:1) a n d  
n -bu tano l - ace tone -d ie thy lamine -wa te r  (70: 70:14:  35), used 
e i t he r  mono-o r  b i -d imens ional ly ,  t h e r e  was only  one radio-  
ac t ive  peak,  r ep r e sen t i ng  a t  l eas t  80% of t he  t o t a l  ~H, 
which  m i g r a t e d  in to  t h e  same  area  as a u t h e n t i c  MHA.  
Addi t iona l ly ,  e x t r a c t i o n  f rom an  a lka l ine  m e d i u m  in to  
ch lo roform and  r e - ex t r ac t i on  in to  0.1 N HC1 were per-  
fo rmed  a n d  t h e y  gave  t h e  same  recovery  for a u t h e n t i c  
M H A  and  for t h e  p r e s u m e d  ~H-MHA. 

Results .  W i t h  all  t h e  3 p r e p a r a t i o n s  d e c a r b o x y l a t i o n  of 
Mehis  was  a p p a r e n t  b u t  occurred  more  slowly t h a n  t h a t  
of His, especial ly  w i t h  t h e  bac te r i a l  enzyme  (Table  I). 
T h a t  H D  (EC 4.1.1.22) is p r o b a b l y  invo lved  was  ind ica t ed  

b y  t he  fac t  t h a t  add i t i on  of N.S.D.  1055, a p o t e n t  i n h i b i t o r  
of t h i s  e n z y m e  9, comple te ly  p r e v e n t e d  a t  10 -~M the  for- 
m a t i o n  of a H - M H A  b y  t h e  r a t  s t o m a c h  p r epa ra t i on ,  al- 
t h o u g h  c<-methyl D O P A ,  an  i n h i b i t o r  of L - a r o m a t i c  ami -  
noac id  deca rboxy lase  (EC 4.1.1.26) h a d  no effect  a t  t he  
same concen t r a t ion .  

I t  was  also obse rved  t h a t  d e c a r b o x y l a t i o n  of IVlehis oc- 
cu r r ed  in  vivo.  Male r a t s  were p r e t r e a t e d  w i t h  t r a n y l c y -  
p r o m i n e  (10 mg/kg,  i.p.) in  order  to  p r e v e n t  t h e  d e a m i n a t i o n  
of M t I A  b y  m o n o a m i n e  oxidase  ~~ Two h later ,  50 ~Ci of 
SH-Mehis were in jec ted  i.v. a n d  t he  an ima l s  were sacr i f iced 
30 m i n  or 90 m i n  the rea f t e r .  ~H-MHA was as sayed  in 0.4 N 
C104H ex t r ac t s  f rom severa l  o rgans :  levels found  in l iver  
a n d  ur ine  were no t  s ign i f i can t ly  h ighe r  t h a n  the  b l a n k s  
b u t  were apprec iab le  in  t h e  b r a i n  a n d  especia l ly  in  t h e  
s t o m a c h  (Table  I I )  wh ich  is k n o w n  to be  b y  far  t he  r i ches t  
r a t  o rgan  for t I D  3H-Mt tA  was c lear ly  iden t i f i ed  on  bi- 
d imens iona l  t h i n - l a y e r  c b r o m a t o g r a m s  of s t o m a c h  ex- 
t rac t s .  

Discuss ion .  Our  resu l t s  show t h a t  3H-MHA can  be  
s y n t h e t i z e d  in v i t ro  as well  as in  v ivo  t h r o u g h  deca rboxy-  
l a t i on  of 3H-Mehis. The re  is ev idence  for th i s  m e t a b o l i c  
p a t h w a y  in  m a m m a l i a n  t i ssues  k n o w n  for t h e i r  h igh  H A  
fo rming  capac i ty  ; moreover ,  t h i s  r eac t ion  was  b locked  b y  
a n  H D  inh ib i to r .  Hence,  i t  could  be  in fe r red  t h a t  H D  is 
p r o b a b l y  respons ib le  for  Mehis  deca rboxy la t ion .  

I n  vi t ro ,  d e c a r b o x y l a t i o n  of t r ace r  a m o u n t s  of Mehis  in 
r a t  s t o m a c h  a n d  m a s t  ceils was  a p p r o x i m a t e l y  5 t imes  
s lower t h a n  t h a t  of His,  sugges t ing  t h a t  t h i s  r eac t ion  
could be  on ly  of m i n o r  biological  i m p o r t a n c e .  N e v e r t h e -  
less, free Mehis  is k n o w n  to be p r e sen t  in  m a m m a l i a n  
t issues,  p I a s m a  a n d  ur ine  and,  in  some cases, i ts  levels 
a p p e a r e d  to  be  o n l y  s l igh t ly  infer ior  to  those  of His~k 
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Table I. Decarboxylation of 8H-His and 3H-Mehis in vitro 

Preparation Incubation time (h) Decarboxylation of 
3H-His (%) 

Decarboxylation of 
~H-Mehis (%) 

Rat stomach supernatant 

Rat mast-cells (from peritoneal fluid) 

Bacterial HD (from Cl. wdchii) 

2 1.74~=0.06 0.32~0.05 

1 0.42~0.05 0.09=~0.01 

1 100:L7 0.15:~0.02 

Incubations were performed at 37~ in the presence of 1-1,5 ~xCi/ml of either ~H-His or ~H-Mehis. Results are expressed as percentages of the 
total radioactivity recovered as the corresponding 3H-amines. Means!S.E.M. of 5-7 experiments. 



15.8. 1972 Specialia 

Table II. Formatioi1 of aH-MttA after administration of 3H-Mehis in tranylcypromine-treated rats 

905  

Organ ~ Time (min) Total 3H (cpm • 10 -a) 3H-MHA (cpm) 8H-MHA/Total ~H (%) 

Stomach 30 174~13 4,2934-356 2.494-0.13 
90 1184-25 3,59021= 1,263 3.38-E 1.52 

Brain 30 1904-15 2 0 1 i  16 0.11:t=0.01 
90 1684- 8 1554- 13 0.09J20.01 

Male rats (150--200 g) received an i.p. injection of tranylcypromine (10 mg/kg). 2 h later, they were injected with 50 /*Ci oI 3H-Mehis 
(i.v.). Means 4- S.E.M. from 4 experiments. 

Therefore ,  i t  seems l ike ly  t h a t  M H A  f o r m a t i o n  in  v i v o  
occurs,  a t  leas t  to  a c e r t a i n  ex t en t ,  b y  d e c a r b o x y l a t i o n  of 
Mehis,  i.e. b y - p a s s i n g  t h e  h i s t a m i n e  s tep.  T he  re l a t ive  
c o n t r i b u t i o n  of t h i s  p a t h w a y  in  t he  overa l l  b io syn thes i s  
of M H A  would  p r e s u m a b l y  be  the  g rea t e s t  in  species, such  
as t h e  ra t ,  in  wh ich  H A  m e t h y l a t i o n  is k n o w n  to  be  low 1, ~. 

This  f i nd ing  m a y  exp la in  w h y  t he  r a t io  of endogenous  
M H A / I I A  in t he  u r ine  of severa l  species has  been  repea t -  
ed ly  found  to be  m u c h  h ighe r  t h a n  t he  co r r e spond ing  ra t io  
of t he  r ad ioac t i ve  amines  e v a l u a t e d  a f t e r  in j ec t ion  of 
tdC_HA 12, is. T h u s  i t  m a y  be in fe r red  t h a t  m e t h y l h i s t a m i n e  
(or m e t h y l i m i d a z o l a c e t i c  acid) level  in  u r ine  is no t  a spe- 
cific i n d e x  of h i s t a m i n e  release.  

A l t h o u g h  M H A  is k n o w n  to  exh i b i t  a lower  biological  
a c t i v i t y  t h a n  H A  in m o s t  organs,  on i o n t o p h o r e t i c  ap-  
p l i ca t ion  to  ce rebra l  neurones ,  i t  mod i f i ed  t h e i r  f i r ing  r a t e  
as d id  H A  ~. Moreover ,  b r a i n  M H A  was found  to be  s tored  
in  t h e  s ame  subce l lu la r  f r ac t ions  as t h e  p u t a t i v e  neuro-  
t r a n s m i t t e r ,  H A  15. I n  c o n f o r m i t y  w i t h  t h e  above  f inding,  
p r e l i m i n a r y  e x p e r i m e n t s  in  t h i s  l a b o r a t o r y  i nd i ca t ed  t h a t  
~H-MHA s y n t h e t i z e d  f rom 3H-Mehis could be  re leased 
f rom severa l  t i s sues  u n d e r  t h e  s ame  cond i t ions  as HA.  

T a k e n  toge the r ,  t hese  o b s e r v a t i o n s  sugges t  t h a t  m e t h y l -  
h i s t a m i n e  should  no t  be d i sca rded  as a mere  i n a c t i v a t i o n  
p r o d u c t  of h i s t amine .  

Rdsurad. On a mis  en 6vidence chez le R a t  une  f o r m a t i o n  
de m 6 t h y l h i s t a m i n e - a H  p a r  d6ca rboxy l a t i on  de la L-3- 
m6thy lh i s t id ine -3H.  Cet te  r6ac t ion  se p r o d u i t  i n  v i t ro  et  in 
v ivo  d a n s  des t i ssus  r iches  en h i s t id ine  d6carboxylase  et  
elle es t  p r 6 v e n u e  p a r  u n  i n h i b i t e n r  de ce t te  enzyme.  Les 
imp l i ca t ions  biologiques  de  l ' ex i s t ence  de ce t t e  nouvel le  
vote m 6 t a b o l i q u e  son t  envisag6es.  
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Serum Dopamine-/3-Hydroxylase in Spontaneously Hypertensive Rats 

S p o n t a n e o u s l y  h y p e r t e n s i v e  (SH) r a t s  (a W i s t a r  s t ra in ,  
wh ich  h a d  been  deve loped  b y  OKAMOTO a n d  AOKI 1) seem 
to  be  a good mode l  for h u m a n  essent ia l  hype r t ens ion .  
The  r e l a t ionsh ip  of essent ia l  h y p e r t e n s i o n  to a b n o r m a l  
adrenerg ic  func t i on  is no t  ye t  clear,  b u t  t h e r e  are  severa l  
i nd i ca t i ons  t h a t  SI I  r a t s  m a y  h a v e  a b n o r m a l i t y  in  t he  
enzymes  of n o r e p i n e p h r i n e  b io syn thes i s  a n d  m e t a b o l i s m .  
S H  r a t s  were  more  sens i t ive  to  t he  h y p o t e n s i v e  effect  of 
a t y ros ine  h y d r o x y l a s e  inh ib i to r ,  oudenone  ~-4, a n d  a 
dopamine - f i -hydroxy la se  inh ib i to r ,  fusar ic  acidS, ~, a n d  
h a d  2-fold increase  in  t y ro s ine  h y d r o x y l a s e  and  d o p a m i n e -  
f l -hydroxylase  ac t iv i t i e s  a n d  a b o u t  1.3-fold increase  in 
D O P A  deca rboxy la se  a n d  p h e n y l e t h a n o l a m i n e - N - m e t h y l -  
t r an s f e r a se  ac t iv i t i e s  in  ad r ena l  glandsT, s. I n  con t ras t ,  
t y ro s ine  h y d r o x y l a s e  a c t i v i t y  in  mesen te r i c  a c t i v i t y  was  
decreased  9 t h a t  in  b r a i n s t e m  a n d  h e a r t  was  n o r m a U ,  9,10, 
and  D O P A  deca rboxy la se  a c t i v i t y  in  b r a i n s t e m  was  
decreased  10. 

Dopamine - f l -hyd roxy la se  ha s  been  f o u n d  in r a t  se- 
r u m / / ,  ~.  The  e n z y m e  is supposed  to  be  secre ted  f rom 
s y m p a t h e t i c  ne rves  a n d  ad r ena l  m edu l l a  t o g e t h e r  w i t h  
n o r e p i n e p h r i n e  or  ep i neph r i ne  a n d  could be a n  i n d i c a t o r  
of the  a c t i v i t y  of p e r i p h e r a l  s y m p a t h e t i c  nerves .  To 

i nves t i ga t e  w h e t e r  t h e r e  is a n y  c h a n g e  in  t h e  ac t i v i t y  of 
p e r i p h e r a l  s y m p a t h e t i c  ne rves  in  S H  rats ,  t h e  ac t i v i t y  of 
s e rum dopamine- /~-hydroxylase  of S I t  r a t s  ha s  been  
c o m p a r e d  to t h a t  of n o r m o t e n s i v e  W i s t a r  ra ts .  

The  SII  r a t s  were 16 weeks old, w i t h  b lood  pressures  
be tween  160 and  200 m m H g .  N o r m o t e n s i v e  W i s t a r  r a t s  
of t he  same  age ra ised  in t h e  same condi t ions  were used 
as controls .  S e r u m  dopamine- f i -hydroxy lase  a c t i v i t y  was 
m e a s u r e d  b y  t he  r ad ioassay  of WEINSI~ILBOUM a n d  
AXELRODll. Blood  samples  were o b t a i n e d  f rom the  r a t s  
b y  d e c a p i t a t i n g  a n d  e x s a n g u i n a t i n g  t h e m  in to  a t e s t  t u b e  
k e p t  on  ice. Se rum was r e m o v e d  a f t e r  cen t r i fug ing  t he  
b lood  a t  10,000 •  for  10 rain.  To 0.5 m l  of s e rum were 
a d d e d  2 m i  of a s a t u r a t e d  a m m o n i u m  su lpha t e  so lu t ion  
(pH 6.7). The  m i x t u r e  was cen t r i fuged  a t  15,000 •  for  
15 rain.  T h e  p r ec ip i t a t e  was  dissolved in 0.5 ml  of 20 m M  
p o t a s s i u m  p h o s p h a t e  buffer  (pH 6.8) and  d ia lyzed  aga ins t  
11 of t h e  s ame  buf fe r  for 15 h. T h e  d ia lyzed  so lu t ion  was  
cen t r i fuged  a t  15,000 •  for  15 rain,  a n d  t h e  s u p e r n a t a n t  
was  a d j u s t e d  to  1.0 m l  w i t h  t h e  buffer .  Th i s  pa r t i a l  
i so la t ion  p rocedure  of dopamine- /%hydroxy lase  e l imina te s  
some endogenous  inh ib i to r s  a n d  pe rmi t s  t h e  d e t e r m i n a t i o n  
of t he  e n z y m e  a c t i v i t y  wh ich  is p r o p o r t i o n a l  to  t h e  


