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t ha t  this fract ion is a mix ture  of a least  two components .  
This was confirmed by  the  MS, which showed the  same 
molecular  ion (m/e 362; 7%) as t ha t  of the  y-hydroxy-  
-e, fi-butenolides and an ident ical  f ragmenta t ion  pa t t e rn  
wi th  s trong peaks at  m/e 213 (80%), 181 (75%) and 150 
(100%) n. A t t emp t s  at  separat ion by SiO~ chromatog-  
r aphy  resulted in the isolation of the  mix ture  of (2- 
5), as indicated by  I R  and NMR.  Acety la t ion  of (6-9) 
gave the  mix tu re  of y-acetoxy-~,  fl-butenolide acetates.  
All these da ta  are const i tent  wi th  s t ructures  (6-9), 
and the  NMR-signals,  l is ted above, can be reasonable 
assigned to the  15, y-epoxybutenol ide  moieties as indicated 
in formulae (6) and (9). Pro tons  a t  d 5.44 and 3.70 are 
coupled to each other, as confirmed by  decoupling ex- 
per iments .  

Terpenoids wi th  different  s tates of oxidat ion  of the  
furan ring are known 4,~2,~3, bu t  the i r  s tatus as na tura l  
products  is uncertain.  I t  is established~*-~ t h a t  a lkylat-  
ed fnrans give au tox ida t ion  products  of type  (10), and 
evidence has been accumula ted  tha t  such photo-oxida-  
t ions proceed v ia  ozonides, which, in a few cases, have  
been isolated. Moreover,  the  co-occurrence in a specimen 
of CedreIa odorata of gedunin and photogedunin,  in which 
la t te r  the  furan ring is oxidized to a y-hydroxy-a,  fi- 
butenolide,  has been reported recent ly  4. 

The  mode of isolation of photogedunin,  and its absence 
~rom other  samples of Cedrela in which gedunin was 
present,  led the  authors  ~ to  suggest t ha t  the  photo-  
oxidat ion  of the  furan ring migh t  occur in vivo.  

Ex t r ac t i on  of a sample of Spongia o/]icinalis in the 
dark  gave both  7-hydroxy-  and fl, 7-epoxybutenol ide  
fractions, while f rom a methanol ic  solution of furospon- 
gin-I  (1) we were unable  to detect  any of the above 
oxidized der iva t ives  after exposure to light.  This indicates 
t h a t  at  least  the  fi, y-epoxybutenol ides  (6-9) are genuine 
na tura l  products  and tha t  possibly the oxidat ion  of the  
furan rings migh t  occur th rough epoxidat ion steps as 

(lO) 

indicated in Scheme 1, in contras t  to photo-oxida t ion  
in vitro15 (the spontaneous  isomerizat ion of arena oxides 
to phenols is well documentedlT).  

Final ly  we wan t  to emphasise  tha t  fi, ;~-epoxybuteno- 
lides are compounds  of a type  not  previous ly  encountered.  

Riassunto. L' i so lamento  dalla Spongia o//icinalis di 
ot to  C21 monofuranoterpeni ,  s t r e t t amen te  correlat i  alla 
furospongina-1 (1), il componente  terpe__ico pifi abbon- 
dante  della stessa spugna, per  qua t t ro  dei qual i  si di- 
mos t rano  le s t ru t tu re  di ?-idrossi-~,fi-butenolidi (2-5) 
e per gli al tr i  qua t t ro  le s t ru t tu re  di fl ,y-epossibutenolidi 
(6-9), sembra  r i levante  in connessione col p rob lema della 
ossidrilazione dei substra t i  a romat ic i  in vivo.  
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H e m i n  as  a C a t a l y s t  for  C h e m i l u m i n e s c e n c e  

The chemiluminescence produced by  the  react ion of 
luminol  (5-amino-2,3-dihydro-l ,4-phthalazinedione)  in a 
basic solution in the  presence of hydrogen  peroxide  and 
ca ta lyzed by p ro tohemin  (protoporphyrin I X  iron I I I  
chloride) has been well  studied. The actual  mechanism 
of the  reaction, however,  is not  thoroughly  understood.  
The purpose of this invest igat ion was to de termine  the  
effect of the  chemical  modif icat ion at  the  2 and 4 positions 
of p ro tohemin  on its abi l i ty  to cata lyze the decomposi t ion 
of luminol.  

W h e n  the  v inyl  side chains of heroin are modified,  
var ious electronic effects have  been observed through 
examina t ion  of the  absorpt ion spectra in solvents  of 
va ry ing  polari ty,  at  different  p H  values and as pyr idine 
hemochromogens.  Changes in bo th  in tens i ty  and posi t ion 
of the absorpt ion m a x i m a  occur and the  degree of to r te -  

la t ion be tween ca ta ly t ic  and absorp t ive  changes is con- 
sidered. 

The assays for chemiluminescence were done  according 
to the  me thod  of NEUFZLD et al 1. The  salient features of 
the  ins t rument  used are : a holder  for the  tes t  tube  which is 
l ight- t ight ,  a camera  shut ter  t h a t  permi ts  changing sample 
tubes wi thou t  tu rn ing  off the  high vol tage  to the  photo-  
tube,  and a housing for the  phototube .  We used e i ther  a 
RCA IP28, IP21, or an E M I  9635 photo tube  ; ampl i f ica t ion 
was provided  by a Sanborn  preamplif ier  model  150-1500. 
The  da ta  were recorded on a Sanborn  151 recorder. The  
react ion is t r iggered by  the inject ion of H20  ~ into a test  
tube  containing alkaline luminol,  EDTA,  and the  catalyst .  

1 H. A. NEUFELD, C. J. CONKLIN and R. D. TOWNER, Analyt. Bio- 
chem. 12, 303 (1965). 
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The  i n t e n s i t y  of the  l igh t  emiss ion  p roduced  w h e n  
h y d r o g e n  pe rox ide  is i n j ec t ed  in to  t h e  r eac t i on  m i x t u r e  
is d i rec t ly  p r o p o r t i o n a l  to  the  c o n c e n t r a t i o n  of t he  hero in  
c a t a l y s t  1. Thus  a p lo t  of the  log of t he  f lash he igh t  versus  
the  log of t he  c o n c e n t r a t i o n  of c a t a l y s t  shou ld  yie ld  a 
s t r a i g h t  l ine w i t h  u n i t a r y  slope. The  d a t a  h a v e  been  f i t t ed  
to  a l ine w i t h  a f ixed slope of 1 t h r o u g h  t he  po in t  repre-  
s en t ing  the  m e a n  values.  Since some l igh t  is e m i t t e d  w h e n  
h y d r o g e n  pe rox ide  is i n j ec t ed  in to  a l umino l  so lu t ion  
w i t h  no  hero in  present ,  a b l a n k  w-as m e a s u r e d  da i ly  and  
s u b t r a c t e d  f rom each  e x p e r i m e n t a l  f lash he ight .  

The  ca t a ly t i c  c a p a c i t y  of four  de r iva t i ve s  was c o m p a r e d  
to t h a t  of p r o t o h e m i n  (Sigma Chemica l  Company ,  Type  I, 
Bov ine ) :  1, t h e  v i n y l  g roups  reduced  to  e thy l  groups  
(mesohemin ,  a gif t  of Dr.  A.H.  CORWIX); 2, t he  v iny l  
g roups  rep laced  w i t h  h y d r o g e n  a t o m s  (deu te rohemin ,  
p r e p a r e d  b y  t he  m e t h o d  of FISCHER and  ORTH 2 a n d  
pur i f ied  b y  rec rys ta l l i za t ion  accord ing  to FISCHER'S :1 
p rocedure ) ;  3, t he  v i n y l  groups  rep laced  w i t h  ace ty l  
groups  (d i ace ty ldeu te rohemin ,  a gif t  of Dr. W.S.  CAUG- 
HEY) ; and  4. w i t h  h y d r o x y l  and  n i t ro  groups  added  to t he  
double  bonds  of t he  v iny l  g roups  (n i t r a t ed  hemin ,  pre-  
pa red  b y  r eac t ion  w i t h  t e t r a n i t r o m e t h a n e  accord ing  to  t h e  
p rocedure  of ATASSI 4. T he  resu l t s  are shown  in t he  Figure .  
I f  we assign a va lue  of 1 to  t he  ca ta lys i s  w i t h  p r o t o h e m i n ,  
ra t ios  of f lash  h e i g h t  m i n u s  the  b l a n k  a t  equa l  concen-  
t r a t i o n s  yield t he  fol lowing ac t iv i t i e s :  d e u t e r o h e m i n  12, 
m e s o h e m i n  6.6, p r o t o h e m i n  1, d i a c e t y l d e u t e r o h e m i n  
0.39, n i t r a t e d  hero in  0.088. There  is obv ious ly  an  exce l len t  
co r re l a t ion  b e t w e e n  t h e  degree  of e l e c t r o n e g a t i v i t y  a n d  
the  ab i l i ty  to  ca ta lyze  lumino l  c h e m i l u m i n e s c e n c e .  
R e d u c t i o n  of t he  v iny l  g roups  increases  l igh t  p r o d u c t i o n  
and  t h e i r  r e m o v a l  even  more  s t rongly .  D iace ty ldeu t e ro -  

5.5 

5O 

4.5 

4.0 

d_ 3.5 

-~ 3s 

21 

",%. \ ; % X  " \  ":* 
, , - % - ~ , o ~ x  .. , ,  

".. \ \  \ ' .  ",,. : , - "  
"-. \ \ 

u � 9  ~ o o \ ' . . \  
2.~ \ . .  - \  

i i 

1.5. 1{0 11.5 1�89 12.5 130 13.5 14.0 14.5 15.0 15.5 16.0 
-Log moles heroin derivative 

The effect of alterations on the vinyl groups upon the catalytic activ- 
ity of heroin in the decomposition of luminol. On the ordinate F-B 
is the flash height minus the blank. Experimental details are de- 
scribed in the text. 

h e m i n  is more  e lec t rophi l ic  t h a n  p r o t o h e m i n  a n d  as one 
would  expec t  i n t r o d u c t i o n  of t h e  two  h y d r o x y l  a n d  two  
n i t ro  groups  is cons ide rab ly  more  effect ive in decreas ing  
t he  catalysis .  Resonance  w i t h  the  pyr ro le  r ings  does no t  
seem to  be  of g rea t  significance.  

B y  ana logy  w i t h  the  p roposa l  b y  LINSCmTZ 5 for t he  
p o r p h y r i n - c a t a l y z e d  decompos i t i on  of peroxide,  we 
sugges t  t h a t  t he  f i rs t  s tep  in th i s  r eac t ion  is a complex ing  
of t he  pe rox ide  w i t h  t he  cen t r a l  m e t a l  ion. T h e n  since free 
rad ica l s  6 are  involved ,  t he  n e x t  s tep  p o s t u l a t e d  is the  
f o r m a t i o n  of a h e m e - p e r o x y  free radical .  The  r eac t ion  m a y  
be w r i t t e n  fo rma l ly  t h u s :  

Por-Fe3+ + OOH- --~ Po r -Fe3§  --~ Por -Fe2+- -OOH �9 

OH OH OH 

This  rad ica l  could t h e n  ac t  as t he  p r i m a r y  o x i d a n t  of 
l umino l  and  a decrease  in e l ec t roph i l i c i ty  a t  t he  2 and  
4 pos i t ions  could func t i on  b y  f ac i l i t a t i ng  t he  f o r m a t i o n  
of t he  free radical ,  or b y  inc reas ing  i ts  r eac t iv i ty .  In  v iew 
of t he  e x t r e m e  r a p i d i t y  of the  r eac t ion  (msec) we favor  
t h e  l a t t e r  a l t e rna t ive .  

A l t e r n a t i v e l y  t h e  h e m e - p e r o x y  free r ad ica l  could 
dissociate  to  form a pe roxy  free rad ica l  w h i c h  would  
func t i on  as t he  p r i m a r y  ox idan t .  The  effect  of t he  electro-  
phi l ic  s u b s t i t u t i o n  in th i s  m e c h a n i s m  is to  b i n d  t he  
perox ide  rad ica l  more  t i g h t l y  to  t he  cen t r a l  m e t a l  ion. 
Conversely,  t he  decrease  in e l ec t roph i l i c i ty  would facili- 
t a t e  t he  d issoc ia t ion  of t he  pe rox ide  radical .  I t  has  been  
n o t e d  b y  m a n y  inves t iga to r s  t h a t  a t  a h i g h  pH,  t h e  
a d d i t i o n  of pe rox ide  to luminol  in  t he  absence  of a h e m a t i n  
ca t a ly s t  resul t s  in  the  p r o d u c t i o n  of some l ight.  YVe would  
ascr ibe  t h i s  to  t he  n o n - c a t a l y t i c  f o r m a t i o n  of a smal l  
c o n c e n t r a t i o n  of pe roxy  radicals .  

BROWN et al.7 h a v e  observed  t h a t  d e u t e r o h e m i n  is 10 
to 100 t imes  m o r e  effect ive t h a n  p r o t o h e m i n  in t he  de- 
compos i t i on  of peroxide .  T h e y  a s s u m e d  t h a t  t h e  re la t ive  
ca ta ly t i c  ac t iv i t i e s  are i n d e p e n d e n t  of t he  compos i t i on  of 
t he  pe r iphe ra l  s u b s t i t u e n t s  of t he  p o r p h y r i n  r ing  and  in- 
t e r p r e t  t h e i r  d a t a  in  t e r m s  of t he  degree of d imer i za t i on  
of t h e  h e m s  der iva t ives .  W e  bel ieve t h a t  th i s  does no t  
a p p l y  to our  sys t em since t he  c o n c e n t r a t i o n s  of m o n o m e r  
are no t  s to ich iomet r i c  w i th  t o t a l  concen t r a t i on .  The  slope 
of t h e  log cone e n t r a t i o n  vs. log flash h e i g h t  p lo t  would n o t  
be  u n i t a r y  if t he  m o n o m e r  were t he  on ly  r eac t ive  form. 

Cons iderable  a t t e n t i o n  has  been  g iven  to t he  r e l a t i on  
be tween  e l e c t r o n - w i t h d r a w i n g  effects of pe r iphe ra l  sub-  
s t i t u e n t s  upon  t he  w a v e l e n g t h s  of a b s o r p t i o n  m a x i m a  of 
d e u t e r o p o r p h y r i n  IX ,  and  some a u t h o r s  h a v e  sugges ted  
t h a t  one does in  fac t  ex is t  8,~. Most  recent ly ,  however ,  
CAOGHEY et  al. 10 in a v e r y  careful  s tudy ,  h a v e  r epo r t ed  
t h a t  such  a r e l a t ionsh ip  does no t  ob ta in .  W e  e x a m i n e d  
t he  a b s o r p t i o n  spec t ra  of our  5 hero in  c o m p o u n d s  a n d  
c a n n o t  f ind  a cons i s t en t  r e l a t ionsh ip  w i t h  t h e i r  electro-  
phi l ic i ty .  There  is some ind i ca t i on  t h a t  groups  c o n j u g a t e d  
w i t h  t he  p o r p h y r i n  res idues  t e n d  to sh i f t  some of t he  
v is ib le  b a n d s  to longer  wave leng ths .  CLEZY a n d  MORELL n 
h a v e  obse rved  a s imi la r  p h e n o m e n o n  in t he  Sorer  region 
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.5 H. LINSCHITZ, in W. D. MCELROY and B. GLASS, Light and Li/e 

(The Johns Hopkins Press, Baltimore 1961), p. 179, 
6 K. WEBER, Chem. Ber. 75, 565 (1942). 
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$ J. E. FALK, Porphyrins and Metalloporphyrins (Elsevier, Amster- 
dam 1964). 

9 B. C. SAUNDERS, A. G. HOL~ES-SIEDLE and B. P. STA~K, Peroxi- 
dase (Butterworths, Washington, D. C. 1964). 

10 W. S. CAUGHEY, W. Y. ]:'UJIMOTO and B. P. JoHNsoN, Biochemistry 
2, 3830 (1964). 

11 p. S. CLEZY and D. B. ~V[ORELL, Biochim. biophys. Aeta 71, 165 
(1963). 



22 Speciaha t~XPERIENTIA 30[1 

in non-po la r  solut ions.  B u t  t he  cor re la t ion  w i t h  t he  
effect  upon  ca ta lys is  of lumino l  decompos i t ion  is on ly  fair. 

E x a m i n a t i o n  of t he  ca t a ly t i c  ab i l i ty  of a la rger  series 
of de r iva t ives  w i t h  changes  in o the r  t h a n  t he  2 a n d  4 

~2 Acknowledgments. We are indebted to Mr. R. D. TOWNER for some 
of the chemiluminescence assays. We are grateful to Dr. J. R. TOT- 
TER for helpful discussions. 

~s Reprint requests to be addressed to U.S. Army Medical Research 
Institute of Infectious Diseases, Fort Derrick, Frederick (Maryland 
21701, USA), 23 August 1973. 

pos i t ions  should  be  i l lumina t ing .  W e  h a v e  found  he ine  
a to  be  a n  e x t r e m e l y  poor  ca ta lys t .  ~ 

Zusammen/assung. U n t e r s u c h u n g e n  t iber  den  W i r k u n g s -  
m e c h a n i s m u s  der  Chemolumineszenz  y o n  Luminol .  

T. P. VASlLEF1L G. SVARNAS, H.  A. NEUFELD ls and  
L. SPERO la 

Biological Sciences Laboratories, Fort Derrick, 
Frederick (Maryland 217 01, USA ), 23 August 1973. 

Activities of Decarboxylases of Histidine and Ornithine in Young Mice after Injection of 
Epidermal Growth Factor 

E p i d e r m a l  cell pro l i fe ra t ion ,  i n i t i a t ed  b y  surgical ly  
inf l ic ted skin  wounds ,  ha s  been  f o u n d  assoc ia ted  w i t h  a 
s t r ik ing  increase  in h i s t a m i n e  fo rmat ion ,  i.e. h i s t id ine  
deca rboxy lase  ac t iv i ty ,  in  t h e  growing  w o u n d  t issues  of 
r a t s  a n d  man .  On ar t i f ic ia l ly  lowering or e l eva t ing  t he  
h i s t a m i n e  f o r m a t i o n  of r a t  skin,  t he  r a t e  of hea l ing  was 
r e t a r d e d  or accelera ted ,  respect ively .  I t  t h u s  appea r s  t h a t  
a c a u s a I  r e l a t i o n s h i p  be t w een  g r o w t h  processes  in t he  
skin  w o u n d  and  h i s t id ine  deca rboxy lase  a c t i v i t y  exists.  
Some r ap id ly  growing t issues  genera te  o rn i t h ine  decar-  
boxy lase  a c t i v i t y  (for references  see KAHLSON a n d  
ROSENGREN1,2). An  ' ep ide rma l  g r o w t h  fac to r '  (EGF),  
occurr ing  in t he  s u b m a x i l l a r y  g land  of a d u l t  mice  ~, 
s t i m u l a t e s  ep ide rma l  g r o w t h  in  severa l  species 4. These  
obse rva t ions  led us to  i nves t i ga t e  E G F  for  poss ible  
effects on  ac t iv i t ies  of h i s t id ine  and  o r n i t h i n e  deca rboxy l -  
ases of skin a n d  some o the r  t issues.  

Material and methods. E G F  was  o b t a i n e d  b y  p rocedures  
des igned to  s impl i fy  ex is t ing  p u b l i s h e d  m e t h o d s  a n d  to  
increase  t he  overa l l  yield a n d  re l i ab i l i ty  of t he  e x t r a c t i o n  
f rom male  mouse  s u b m a x i l l a r y  glands.  Comple te  de ta i l s  
of t he  m e t h o d o l o g y  will  be  descr ibed  in a f o r t h c o m i n g  
p u b l i c a t i o n  and  the re fo re  on ly  a s u m m a r i z e d  accoun t  
will be  p r e sen t ed  here.  The  m e t h o d  consis ts  of a f i rs t  
s tage e x t r a c t i o n  s imi la r  to  t h a t  descr ibed  b y  COHEN 3 and  
also TAYLOR, MITCHELL a n d  COHEX 5, up  to  and  inc lud ing  
t he  p r e c i p i t a t i o n  w i t h  a m m o n i u m  su lpha te .  The  resolubi-  
l ised m a t e r i a l  is t h e n  sub jec t ed  to acidic cond i t ions  a t  
p H  3.0, followed b y  dia lysis  a t  p H  5.5. T he  p rec ip i t a t e  
is r e m o v e d  a t  each  stage.  T he  l iquor  is t h e n  app l ied  to  a 
co lumn  of D E A E  cellulose a t  p H  5.5. Af te r  b a t c h  e lu t ion  
w i t h  0.09 M salt,  t h e  e lua te  is re -appl ied  to  an  iden t ica l  
c o l u m n  and  e lu ted  w i t h  a sa l t  g rad ien t .  T he  ac t ive  peak  
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Fig. 1. Histidine decarboxylase activity in terms of nmeles histamine 
formed in abdominal skin and hind foot after injection of EGF 
(6 txg/g). C, controls; h, time after injection. The EGF-induced 
elevation is significant for the time course studied, p < 0.001 by 
Student's t-test. 

is dia lysed,  c o n c e n t r a t e d  a n d  sub jec t ed  to  molecu la r  
f i l t r a t ion  on a c o l u m n  of S e p h a d e x  G-75 a t  p H  5.5. 

The  E G F  o b t a i n e d  b y  t h e  above  p rocedure  is found  to 
be  as ac t ive  as t h a t  p r e p a r e d  accord ing  to  t he  m e t h o d  of 
COHEN a, w h e n  t e s t ed  in v ivo  on  t h e  eye open ing  response  
of n e o n a t a l  mice. However ,  t he  p r o d u c t  d i f fe rs  in  i ts  
molecu la r  we igh t  (5,750 b y  u l t r a cen t r i f uga t i on )  and  in 

i ts  a b s o r b a n c e  a t  280 nm,  a va lue  for ~-1% ~f 8.4 be ing  ~ 1  c r a v  

obta ined ,  c o m p a r e d  to  a r epo r t ed  va lue  of 25.9 or 30.9 for 
COHEN'S prepara t ionS ,  6. The  lower va lue  is ref lec ted  
in t he  presence  of on ly  t r ace  a m o u n t s  of t r y p t o p h a n  in 
t h e  p roduc t .  The  amino  acid, pheny la l an ine ,  is also a b s e n t  
in  a g r e e m e n t  w i t h  COHEN'S f ind ings  b u t  t he  presence  of 
2 o t h e r  a m i n o  acids, lys ine  a n d  a lanine ,  is cons i s t en t ly  
shown.  These  amino  acids h a v e  been  c l a imed  to be 
a b s e n t  in  t h e  E G F  molecule  3, ~, 6. D u r i n g  t h e  p r e p a r a t i o n  
of t h i s  manusc r i p t ,  t h e  e x t r a c t i o n  of E G F  b y  a compa-  
rab le  t e c h n i q u e  i n v o l v i n g  low p H  t r e a t m e n t  of c rude  
h o m o g e n a t e s  was r epo r t ed  7, s. A t  p H  va lues  in  t h e  r ange  
3.2 to  3.5 a p r o d u c t  de s igna t ed  E G F - 2  was o b t a i n e d  in 
wh ich  t he  C O O H - t e r m i n a l  l euc ine-a rg in ine  res idue was 
absen t ,  whereas  t h e  p r o d u c t  descr ibed in th i s  pub l i c a t i on  
m u s t  be  lack ing  a m i n i m u m  of f ive C O O H - t e r m i n a l  
res idues  in  order  to  a ccoun t  for t he  absence  of t r y p t o p h a n  
res idues  loca ted  a t  pos i t ions  49 and  50 on  t h e  n a t i v e  E G F  
molecule  s There fore  i t  is p r o b a b l e  t h a t  t h e  p r e p a r a t i o n  
p r e sen t l y  emp loyed  rep resen t s  t he  d e r i v a t i v e  EGFI_a8 or 
a n  even  lower  molecu la r  we igh t  form.  

The  e x p e r i m e n t s  were done  on  t issues  of 6 -9 -days -o ld  
female  mice,  s t r a in  N M R I .  E G F  was in jec ted  s.c. in  t he  
b a c k  of the  neck  and  t he  an ima l s  were killed a t  d i f fe rent  
t imes  the rea f te r .  Controls  were i n j ec t ed  w i t h  t he  so lven t  
0 .9% NaC1 solut ion.  The  a p p r o p r i a t e  t i ssue  f rom 2 ani-  
mals  was  pooled,  f ine ly  cu t  a n d  a sample  r e m o v e d  for 
assay  of enzymic  ac t iv i ty .  

D e t e r m i n a t i o n  of h i s t id ine  deca rboxy la se  a c t i v i t y  was 
m a d e  b y  i n c u b a t i n g  excised t i ssues  w i t h  r ad ioac t ive  
h i s t id ine  a n d  measu r ing  t h e  a m o u n t  of h i s t a m i n e  fo rmed  9. 

The  o r n i t h i n e  deca rboxy lase  a c t i v i t y  of m i n c e d  t i ssue  
samples  was d e t e r m i n e d  b y  m e a s u r e m e n t  of t he  release 
of 14CO~ f rom DL-I-14C o r n i t h i n e  l~ 
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