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Effect of the protein free parathyroid extract on concentration of 
vitamin A in the sera of rats 

Group Daily dose Serum vitamin A concentration 
([zg) (~xg/100 ml) 

1 - 10.10 :tz 0.18 
2 30 14.33 :J= 0.17" 
3 50 15.80 =k 0,09" 
4 100 14.90 ~ 0.18" 
5 300 14.10 ~ 0.17" 
6 600 13.30 ~ 0.09* 
7 1500 11.60 ::L 0.25* 
8 3000 10.90 ~ 0.17 
9 6000 9.60 :]= 0.11 

Values are the mean 4- SE of 20. * p < 0.001. The third group in- 
dicates the maximum level of the dose-response curve. 

of each  a n i m a l  was  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y ,  
accord ing  to  t h e  m e t h o d  of Neeld  a n d  PearsonS.  
D a t a  of t h e  t ab le  show  t h a t  a d m i n i s t r a t i o n  of t h e  p ro te in -  
free e x t r a c t  of p a r a t h y r o i d  g l a nd  p o w d e r  to  r a t s  r e su l t s  
in a s ign i f i can t  inc rease  of t he  s e r u m  v i t a m i n  A concen-  
t r a t ion .  Th i s  s u g g e s t s  t h a t  t he  in f luence  obse rve d  on t h e  
s e r u m  v i t a m i n  A level  is c onne c t e d  w i th  t he  p resence  of a 
n e w  b ioac t ive  s u b s t a n c e  ill t h e  p a r a t h y r o i d  powder .  
A t t e m p t s  to  i so la te  t h i s  s u b s t a n c e  are  in progress .  
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Summary. Afte r  i.v. in jec t ion  of z4C-histamine to  chicken,  we ident i f ied  one of t he  h i s t a m i n e  m e t a b o l i t e s  as N-ace ty l -  
m e t h y l h i s t a m i n e  in t h e  ur ine .  Th i s  new m e t a b o l i t e  a c c o u n t e d  for a b o u t  20% of t he  u r i n a r y  or 14% of the  a d m i n i s t e r e d  
r ad ioac t iv i ty .  

B a s e d  on a n a l y s e s  of faeces f rom ch ickens  fed large 
a m o u n t s  of h i s t a m i n e ,  Shifr ine et  al. 3 conc luded  t h a t  
a c e t y l a t i o n  s eem s  to be t he  pr inc ipa l  p a t h w a y  for h i s t a -  
m in e  d e t o x i c a t i o n  in th i s  species.  Since ace ty l a t i on  is of 
m i n o r  q u a n t i t a t i v e  i m p o r t a n c e  for t h e  i n a c t N a t i o n  of 
h i s t a m i n e  in o t h e r  species,  i t  was  d e e m e d  of i n t e r e s t  to  
e x a m i n e  w h e t h e r  a c e t y l a t i o n  is of m a j o r  i m p o r t a n c e  also 
in t h e  i n a c t i v a t i o n  of p a r e n t e r a l l y  a d m i n i s t e r e d  h i s t a -  
m i n e  in ch ickens .  

Materials and methods. I n  p r e l i m i n a r y  e x p e r i m e n t s ,  
i so tope  d i lu t ion  t e c h n i q u e  as well  as  p a p e r  c h r o m a t o -  
g raph ic  m e t h o d s  were used  u n s u c c e s s f u l l y  in  a n  a t t e m p t  
to  e s t ab l i sh  t he  ca tabol ic  p a t t e r n  of h i s t a m i n e .  However ,  
w h e n  t h e  i o n - e x c h a n g e  c h r o m a t o g r a p h i c  m e t h o d  of 
B e r g m a r k  a n d  G r a n e r u s  4 was  s u b s t i t u t e d  for t he  above  
m e n t i o n e d  m e t h o d s ,  i t  was  poss ible  to  i de n t i f y  more  t h a n  
90% of t h e  u r i n a r y  r a d i o a c t i v i t y  a f t e r  i.v. a d m i n i s t r a t i o n  
of l ' C -h i s t a mine .  5 -10  ~zCi of r ing-2-z*C-his tamine  w i th  
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Fig. 1. Chromatographic analysis of radioactive histamine metabo- 
lites excreted in the 24-h urine after i.v. injection of ring-2A4C - 
histamine, using an Alninex 6 resin column (0.9 • 60 cm). Eluation 
speed, 1.1 ml]min; fractions volumes, 2.2 ml and 1.1 ml for acid 
and basic eluates, respectively. A, unidentified metabolite A; 
lmAA-R, imidazoleacetic acid riboside; MeImAA, 1.4-methylimida- 
zoleacetic acid; ImAA, ilnidazoleacetic acid; B, unidentified metab- 
olite B; AcHi, N-aeetylhistamine; AcMeHi, N-acetyl-l.4-methyl 
histamine; MeHi, 1.4-methylhistamine. 
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a specific ac t iv i ty  of 59 mCi /mmoles  (The Radiochemica l  
Centre,  Amersham,  England)  were in jec ted  ir~to the  
brachia l  ve in  of ' Wh i t e  Leghorn '  chickens of e i ther  sex, 
weighing 2.0-3.6 kg. Ur ine  and  faeces were collected to-  
ge the r  on a shal low th rough  p laced  unde r  the  bi rds '  cages. 
To p r e v e n t  microbiological  g rowth  in the  excreta ,  p H  
was  kep t  below 2 b y  adding  0.1 N HC1. In  3 hens,  faeces 
was  col lected b y  way  of a colon fistula.  A plas t ic  bag  for 
sampl ing  faeces was su tured  to  the  fistula. Urine was 
sampled  as descr ibed above.  
To enable  ident i f ica t ion  of the  rad ioac t ive  subs tances ,  
reference subs tances  5 were added  to  the  urine sample  
pr ior  to  ch rom a tog raphy .  
Resul ts  and discussion. More t h a n  50% of the  admin i s t e red  
r ad ioac t iv i ty  could be accoun ted  for in the  urine the  
f i rs t  6 h a f te r  admin i s t r a t ion  of 14C-histamine, while the  
r ecovery  for 24 h was 70.1 :t: 5.9% (SD) (n = 4). Only 
a smal l  pe rcen tage  of t he  r ad ioac t iv i ty  was  excre ted  
wi th  the  faeces. The u r ina ry  excre t ion  of f ree  h i s t amine  
in t he  3 hens  f i t t ed  wi th  a colon f is tula  was de t e rmined  on 
a guinea-pig  i leum af ter  ion-exchange  ch roma tog raphy .  
The values  were found  to be 24, 113 and  145 ~xg h i s t amine  
base/24 h. These  values  are cor rec ted  for expe r imen ta l  
losses. 
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Fig. 2. Mass spectrum of: A) a histamine metabolite isolated from 
chicken urine, B) synthesized N-acetylmethyl-histamine. LKB 9000 
mass spectrometer and direct inlet was used. Electron energy 70 eV, 
temperature 50 ~ 

Urinary excretion of 14C-histamine metabolites in 24-h specimens of 
urine and faeces of chicken after i.v. injection of ring-2-14C-histamine, 
expressed as percent of excreted radioactivity 

14C-metabolite 
A B C 
Urine and faeces, Untreated Same urine 
3 pooled samples urine from as B, 
from 3 chickens 2 chickens after acid 

hydrolysis 

Acid fractions : 
Unidentified 3.8- 8.1 4.3 
metabolite A 
Imidazole- 23.3-29.6 42.3 
acetic acid riboside 
1.4-methylimi- 3.5-5.8 4.5 
dazole- 
acetic acid 
Imidazole- 4.2- 7.2 1.7 
acetic acid 

Basic fractions : 
Unidentified 2.3- 2.9 2.2 
metabolite B 
N-acetyl- 10.1-13.9 13.8 
histamine 
N-acetyl-methyl 20.4-24.1 20.4 
histamine 
+ histaminol 
Histamine 6.0-13.3 6.1 
1.4-methyl- 5.2- 7.2 2.5 
histamine 
Sum - - 97.8 

6.1 1.8 2.4 

34.4 6.3 6.2 

4.0 4.9 4.5 

2.2 41 .8  36.3 

2.3 1.9 3.3 

16.5 3.4 
2.5 

19.6 1.6 

6.1 15 .8  18.8 
4.5 19 .3  22.7 

95.7 9 4 . 5  99.2 

The elut ion p a t t e r n  of the  14C-histamine-metaboli tes f rom 
the  co lumn showed peaks  cor responding  to the  kown 
h i s tamine  metabol i tes .  In  addi t ion,  3 u n k n o w n  peaks  
were observed.  The largest  one was found  b e t w een  t h e  
N ,ace ty lh i s t amine  and  the  h i s t amine  peaks  (figure 1), in 
the  h i s t amino l  fraction.  The u n k n o w n  subs tance  also over-  
lapped N-ace ty lh i s t amine  to such an e x t e n t  t h a t  quan t i -  
t a t ion  of these  metabo l i t es  was of ten  ve ry  difficult .  
Acid hydro lys is  of the  urine resul ted  in a nearIy  comple te  
d isappearence  of the  unident i f ied  metabol i te ,  indica t ing  
t h a t  the  r ad ioac t iv i ty  of the  unident i f ied  peak  was  mos t ly  
or iginat ing f rom ano the r  subs tance  t h a n  his taminol ,  since 
the  l a s t -men t ioned  c o m p o u n d  is no t  hydro lysab le  under  
the  p resen t  condi t ions .  However ,  hydroIys is  led to  an 
increase in the  rad ioac t iv i ty ,  no t  only  in t he  f ract ions  
cor responding  to  imidazoleacet ic  acid and  h is tamine ,  as 
would be expec ted  due to  decon juga t ion  of imidazoleacet ic  
acid-r iboside and  ace ty lh i s t amine  respect ively,  b u t  also 
in t he  1 .4 -methy lh i s tamine  fract ion.  Since none  of t he  
known  h i s t amineme tabo l i t e s  forms 1 .4-methylh i s tamine  
upon  hydrolysis ,  i t  was assumed t h a t  the  i nc r emen t  in t he  
r ad ioac t iv i ty  of 1 .4 -methy lh i s tamine  upon  hydrolys is  
came f rom the  unident i f ied  metabol i te .  This  was la ter  
conf i rmed b y  hydro lys is  of p a r t l y  pur i f ied ~ractions of 
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t h e  new me tabo l i t e .  Th i s  obse rva t ion ,  as well  as c h r o m a t -  
og raph ica l  da ta ,  i nd i ca t ed  t h a t  t he  new m e t a b o l i t e  was  

a c e t y l a t e d  m e t h y l h i s t a m i n e  or a n o t h e r  hyd r o ly sab l e  
conjugate of methylhistamine. 
The radioactivity remaining in the fraction of the new 
metabolite after hydrolysis may be due to incomplete 
hydrolysis. However, the possibility also exists that at 
least part of the activity, but more than 2-3%, may stem 
from histaminol. By the methods used, quantitation of 
histaminol was impossible. To identify the unknown 
metabolite, it was necessary to separate it from N-acetyl- 
histamine. The main fractions of the new Inetabolite were 
rechromatographed on an Aminex column until the 
metabolite seemed to move as a single compound. 
The new metabolite is easily extractable from a basic 
solution with n-butanol and can be reextracted as 
histamine, from the organic solution with HCI. Butanol 
extraction followed by reextraction with HCI was 
combined with repeated column chromatography for 
isolation and purification. ]By starting with a 24-h urine, 
enough substance for direct mass-spectrographic analysis 
was obtained. The mass-spectra (figure 2 a) indicate that 
the substance is N-acetyl-l.4-methylhistamine. 
Reference N-acetylmethylhistamine was synthesized by 
methylation of N-acetylhistamine with dimethylsulfate 
and purified by means of TLC and butanol-HCl extrac- 
tions. The purified compound could be visualized neither 
with ninhydrin nor by diazotation. The mass-spectrum 
for synthetic N-acetylmethylhistamine HCI (figure 2 b) is 
nearly identical to that of the new metabolite isolated 
from the hens' urine, From this evidence, we conclude 
that N-acetyl-l.4-methyl-histamine is a metabolite of 
histamine in chickens. 
About 90% of the radioactivity could be accounted for by 
identified histamine-metabolites, the remaining 10% 

m a y  r ep re sen t  o t h e r  me t abo l i t e s  such  as f r a g m e n t s  of t h e  
h i s t a m i n e - r i n g  6. However ,  one c a n n o t  exclude  t he  possi-  
b i l i ty  t h a t  c h r o m a t o g r a p h i c a l  effects  m a y  resu l t  in  
u n d e r e s t i m a t i o n  of some of t he  me tabo l i t e s .  The  t a b l e  
d e m o n s t r a t e s  t he  me tabo l i c  p a t t e r n  of exogenous  h i s t a -  
m ine  in chickens .  The  m e t a b o l i c  p a t t e r n  of h i s t a m i n e  in 
ch icken  differs  la rgely  f rom t h a t  found  in o the r  species. 
This  di f ference is f i rs t  a n d  fo remos t  a ref lec t ion of t he  
new me tabo l i t e ,  N - a c e t y l m e t h y l h i s t a m i n e ,  wh ich  ac- 
c o u n t e d  for a b o u t  20% of t he  excre ted  r ad ioac t iv i ty ,  b u t  
also of t he  g rea t  Q u a n t i t a t i v e  i m p o r t a n c e  of N-ace ty l -  
h i s t amine .  The  i d e n t i t y  of N - a c e t y l h i s t a m i n e  was con-  
f i rmed  w i t h  mass - spec t rog raphy .  
The  p r e s e n t  e x p e r i m e n t s  s u p p o r t  t h e  conclus ion  of 
Shi f r ine  e t  a l )  t h a t  a c e t y l a t i o n  is of g rea t  i m p o r t a n c e  
in t he  d e t o x i c a t i o n  of h i s t a m i n e  in chicken.  This  m i g h t  
a p p l y  to  fowls genera l ly  since in v i t ro  e x p e r i m e n t s  w i t h  
l iver  slices a n d  cell free e x t r a c t s  of p igeon  l iver  are p o t e n t  
to  con juga t e  h i s t a m i n e  L 
The  fac t  t h a t  B e r g m a r k  a n d  Granerus4  found  only  v e r y  
low r a d i o a c t i v i t y  in  t he  f r ac t ions  where  N - a c e t y l m e t h y l -  
h i s t a m i n e  shou ld  occur  suggests  t h a t  th i s  me tabo l i t e ,  
q u a n t i t a t i v e l y  i m p o r t a n t  ill chickens ,  is negligible,  if 
p r e s e n t  a t  all, in  man .  
W h e t h e r  a c e t y l a t i o n  or m e t h y l a t i o n  of h i s t a m i n e  is t he  
f i rs t  s tep  in t h e  f o r m a t i o n  of N - a c e t y l m e t h y l h i s t a m i n e ,  
and  in wh ich  t i ssues  these  r eac t ions  t a k e  place, is u n d e r  
e x a m i n a t i o n .  Since n e i t h e r  N - a c e t y l h i s t a m i n e  no r  1.4- 
m e t h y l h i s t a m i n e  possess biological  ac t iv i ty ,  i t  seems 
l ikely t h a t  th i s  is t r ue  also for  N - a c e t y l - l . 4 - m e t h y l h i s t a -  
mine.  

6 O.V. Sjaastad and R. N. B. Kay, Experientia 26, 1197 (1970). 
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Pharmac. exp. Ther. 97, 4 (1949). 

Reduction of adenylylsulfate and 3'-phosphoadenylylsulfate in phototrophic bacteria 
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Summary. E x t r a c t s  of 14 species of p h o t o t r o p h i c  bac te r ia ,  p a r t l y  g rown w i t h  d i f fe ren t  su l fur  compounds ,  were t e s t ed  
for  t h e i r  ab i l i ty  to  fo rm vola t i l e  sul fur  c o m p o u n d s  f rom adeny ly l su l f a t e  (APS) and  3 ' - p h o s p h o a d e n y l y l s u l f a t e  (PAPS) .  
The  Rhodosp i r i l l um  species showed  m a r k e d  ac t iv i t i es  w i t h  b o t h  A P S  and  P A P S  whi le  t he  R h o d o p s e u d o m o n a s  species 
seem to  prefer  P A P S .  T he  C h r o m a t i a c e a e  e x h i b i t e d  t he  s t ronges t  ac t iv i t i e s  w i t h  APS ,  whereas  Ch lo rob ium l imicola  
h a d  equa l ly  h i g h  a c t i v i t y  w i t h  P A P S .  

D u r i n g  d i s s imi la to ry  su l fur  m e t a b o l i s m  in  Chlorobiaceae  
a n d  Chromat i aceae ,  sulf i te  is oxid ized  b y  A P S  2 reduc-  
t a se  3. The  r e l a t ive ly  h i g h  levels of A P S  reduc ta se  found  
in  C h r o m a t i u m  v i n o s u m  a n d  Th iocapsa  roseopers ic ina  
a f t e r  p h o t o h e t e r o t r o p h i c  g r o w t h  w i t h  sulfate ,  as t he  sole 
su l fu r  source,  led to  t h e  a s s u m p t i o n  t h a t  A P S  reduc ta se  
m i g h t  be  i n v o l v e d  also in a s s i m i l a t o r y  su l fur  m e t a b o l i s m  
in  t he se  b a c t e r i a  4, i.e. in  t h e  r e d u c t i o n  of A P S  to  sulfite.  
On  t h e  o t h e r  h a n d ,  none  of t h e  Rhodosp i r i l l aceae  c o n t a i n  
A P S  r educ t a se  4, a n d  t he  f o r m a t i o n  of P A P S  2 f rom sul- 
fa te  a l ld  A T P  has  b e e n  r e p o r t e d  to occur  in  c h r o m a t o -  
p h o r e s  of R h o d o s p i r i l l u m  r u b r u m  ~. 
T h e  a i m  of t h i s  s t u d y  was to  t e s t  a n u m b e r  of represen-  
t a t i v e  species of t he  p h o t o t r o p h i c  b a c t e r i a  as to  w h e t h e r  
t h e y  are  able  to  fo rm vola t i l e  sul fur  c o m p o u n d s  f rom 
P A P S  or A P S  (or bo th ) .  
Material and methods. T h e  Rhodosp i r i l l aceae  were  g rown  
on  c o n v e n t i o n a l  m e d i a  6, 7 w i th  sulfate,  or special  m e d i a  s, 9 
w i t h  r educed  su l fur  c o m p o u n d s .  T he  C h l o r o b i u m  s t r a i n  
a n d  t h e  C h r o m a t i a c e a e  were c u l t i v a t e d  in P f e n n i g ' s  

m e d i u m  1~ w i t h  sulfide, C. v i n o s u m  also p h o t o h e t e r o -  
t rophica l ly .  I n c u b a t i o n  occur red  in 500 ml  sc rew-capped  
bo t t l e s  a t  25 -30~  and  a b o u t  2000 lux. 
F rozen  cells were  t h a w e d  and  suspended  in a buf fe r  con-  
t a i n i n g  0.1 m Tris-HC1, p H  8.0, 10 m M  MgC12, 0.1 M KC1, 
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