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a m o u n t  up to  t he  s tage I I I  followed b y  comple te  disap-  
pearance .  The  q u a n t i t y  of y - a m i n o b u t y r i c  acid g r adua l l y  
increases  up  to  s tage I I I ,  followed b y  a s h a r p  decline. 
Pro l ine  is obse rved  on ly  in the  s tage I and  I I I ,  while  
a -a lan ine  shows its presence  f rom the  s tage  I to  s tage  I I I .  
However ,  t h e  c o n c e n t r a t i o n s  of these  c o m p o u n d s  are 
m u c h  lower c o m p a r e d  w i t h  asparagine .  
The  m a j o r  ke to  acid spots  de tec ted  in d i f fe ren t  s tages  of 
leaves  are o~-KGA, OAA, py r uv i c  acid a n d  P E P ;  t he  f irst  
2 comprise  t he  bu lk  of ke to  acids, a - K G A  increases  
m a r k e d l y  w i t h  the  g r o w t h  of leaves ;  an  a l m o s t  l inear  
increase  is observed .  A 7fold increase  is recorded  be tween  
t he  f i rs t  s tage  and  the  s ix th  leaf s tage where  i t  shows a 
h i g h  va lue  of 13.6 mg/5  g f resh  we igh t  of leaves.  
Oxa loace t a t e  is u n t r a c e a b l e  d u r i n g  t he  f i rs t  3 s tages  of 
leaf g rowth ;  i t  appea r s  a t  t he  I V t h  s tage  and  increases  
m a r k e d l y  a t  t he  V t h  stage,  w h e r e a f t e r  i t  decreases  
s l ight ly  a t  t he  V I t h  stage.  A n o t h e r  i m p o r t a n t  m e t a b o l i t e  
P E P ,  which  is no t  p r e s en t  in s tage  I leaves,  increases  up  
to t he  s tage I I I ,  followed b y  a low va lue  d u r i n g  l a t e r  
per iod  of g rowth .  The  a m o u n t  of p y r u v i c  acid and  u rea  
(which also fo rms  i ts  h y d r a z o n e  der iva t ive )  also increases  
w i t h  t he  age of t he  leaves  up  to t he  I I I r d  stage,  followed 
b y  the i r  d i s a p p e a r a n c e  in l a te r  stages.  Glyoxyl ic  acid, 
however ,  does n o t  exh i b i t  a n y  m a r k e d  changes .  
Discussion. Changes  in keto  acids and  amino  acids w i t h  
t he  g r o w t h  of leaves c lear ly  revea l  t h a t  the re  is a pro- 
gressive a c c u m u l a t i o n  of a -KGA,  and  a t  la te  s tages  of 
OAA. D i s a p p e a r a n c e  of py r uv i c  acid a n d  lower va lue  of 

P E P  a f t e r  I I I r d  s tage of leaf  g r o w t h  would  i nd i ca t e  t h a t  
P E P - +  OAA p a t h w a y  is v e r y  ac t ive  d u r i n g  t h e  ea r ly  
per iods  of leaf  growth .  Absence  of OAA d u r i n g  th i s  pe r iod  
is the re fore  due  to  i ts r ap id  u t i l i za t ion  for g r o w t h  reac-  
t ions ,  whi le  i ts  l a te r  a c c u m u l a t i o n  is due  to  s luggish  r a t e  
of m e t a b o l i s m  and  syn thes i s  of p ro te in .  W e b b  and  
F o w d e n  9, work ing  on  t he  ke to  acid changes  in t h e  leaves  
of Arach is  hypogaea ,  h a v e  sugges ted  t h a t  as leaves  de- 
velop t h e y  pass  f rom a s t a t e  of rap id  ne t  p ro t e in  syn thes i s  
du r ing  t he  per iod  of t he i r  ac t ive  g r o w t h  to one where  t he  
r a t e  of p ro t e in  syn thes i s  is m u c h  reduced  a n d  on ly  
c o u n t e r b a l a n c e s  p ro t e in  b r e a k d o w n  in t he  m a t u r e  leaf. 
P r e s e n t  f indings  agree w i t h  th i s  view, and  i t  a p p e a r s  t h a t ,  
w i th  the  inc reas ing  age of t he  leaves,  t he  t r a n s a m i n a t i o n  
reac t ions  u t i l iz ing  t he  ke to  acids for t he  syn thes i s  of 
amino  acids is af fected and  becomes  sluggish.  Since 
~ -KGA a n d  OAA invo lv ing  t r a n s a m i n a t i o n s  are t he  m o s t  
c o m m o n  in p lan t s ,  t h e y  t e n d  to  show the  g r ea t e s t  accu-  
mula t ion .  These  ke to  acids be ing  key  m e t a b o l i t e s  of 
ox ida t ive  ci t r ic  acid cycle, t he i r  a c c u m u l a t i o n  env i sages  
s luggish ope ra t i on  of th i s  cycle p a r t i c u l a r l y  a t  these  
points .  I n d e e d  i t  has  been  shown  d u r i n g  r ecen t  years  t h a t  
the  p ro t e in  syn thes i s  pe r  se is n o t  affected d u r i n g  age ing  
b u t  t he  b r e a k d o w n  processes  are a c t i v a t e d  lO. 

9 J .A.  Webb and L. Fowden, Biochem. J. 61, 1 (1955). 
10 B. Malaviya, Seminar, Indian Soc. PI. Physiol., p. 213. Chandi- 

garh, India 1965. 

C o l c h i c i n e  inh ib i t s  s t i m u l a t e d  re l eas e  of g a s t r i c  h i s t a m i n e  but  not  ac t iva t ion  of h i s t id ine  decar -  
b o x y l a s e  

R. H~kanson ,  J.  F. iRehfeld, G. L iedberg  and  F. Sund le r  

Departments o/ Pharmacology, Surgery and Histology, University o/Lurid, Sdlvegatan 10, S-223 62 Lund (Sweden), and 
Department o/Medical Biochemistry, University o/ Aarhus, Aarhus (Denmark), 26 August 1976 

Summary, I n  t he  ra t ,  gas t r ic  mucosa l  h i s t a m i n e  is mobi l ized  and  h i s t id ine  deca rboxy la se  a c t i v a t e d  b y  t r e a t m e n t  w i t h  
insu l in  or p e n t a g a s t r i n .  Colchicine p r e t r e a t m e n t  p r e v e n t e d  t he  h i s t a m i n e  release w i t h o u t  p r e v e n t i n g  t h e  e n z y m e  
ac t iva t ion .  The  resu l t s  sugges t  a) t h a t  h i s t a m i n e  release and  h i s t id ine  deca rboxy la se  a c t i v a t i o n  are i n d e p e n d e n t  events ,  
and  b) t h a t  m ic ro tubu l e s  are i nvo lved  in the  release of h i s t amine .  

Gas t r i n  mobi l izes  h i s t a m i n e  f rom endocr ine  cells in  t he  
r a t  oxyn t i c  mucosa ,  a t  t he  same t ime  a c t i v a t i n g  t he  
h i s t a m i n e - f o r m i n g  e n z y m e  in these  cells 1,2. I t  h a s  been  
a rgued  t h a t  t he  r educ t ion  of gas t r ic  h i s t a m i n e  t r iggers  
off t he  a c t i v a t i o n  of h i s t id ine  deca rboxy lase  b y  ' lessening 
of e n d - p r o d u c t  r epress ion ' l .  Agents ,  such  as colchicine 

Effect of pentagastrin on gastric histamine content and histidine 
decarboxylase activity after pretreatment with colehicine 

Treatment A. Mucosal histamine 
conc. [lg]g, 
mean 4- SEM (n) 

B. Histidine decar- 
boxylase activity 
pmoles CO2[mg/h , 
mean 4- SEM (n) 

1. Saline 59 4- 2.4 (8) 5.7 4- 0.7 (8) 
2. Colchicine 63 4- 1.8 (5) 8.2 4- 1.3 (5) 
3. Pentagastrin 41 4- 2.5 (27) 15,1 4- 1.0 (36) 
4. Colchicine and 

pentagastrin 56 4- 3.4 (23) 17.1 4- 1.0 (23) 

1A-2A: N.S.; 1A-3A: p <  0.001; 1A-4A: N.S.; 2A-4A: N.S.; 
1B-2B: N.S.; 1B-3B: p < 0 . 0 0 1 ;  1B-4B: p < 0 . 0 0 1 ;  2B-4B: 
p < 0.001. 

a n d  v inb la s t ine ,  wh ich  d i saggrega te  mic ro tubu les ,  are 
k n o w n  to in te r fere  w i t h  release processes,  such  as secre- 
t ion  of insu l in  f rom t h e  B-cel l  3,4 and  secre t ion  of ca te-  
cho lamines  f rom the  a d r e n a l  medu l l a  ~. The  pu rpose  of t he  
p re sen t  s t u d y  was  to e x a m i n e  t he  effects of colchicine on  
h i s t a m i n e  c o n t e n t  and  h i s t id ine  deca rboxy la se  a c t i v i t y  in  
the  r a t  s tomach .  
A d u l t  male  r a t s  (weighing 150-250 g) of t he  Sprague-  
Dawley  s t r a i n  were used. T h e y  were fas ted  for 48 h ( tap  
w a t e r  ad  l ib i tum)  before  t he  expe r imen t s .  In  1 e x p e r i m e n t  
t he  r a t s  rece ived  5 m g / k g  colchicine i. p. a n d  were t h e n  
g iven  p e n t a g a s t r i n  s. c. 31/9 h l a t e r  and  ki l led a f t e r  1 h. 
I n  a n o t h e r  e x p e r i m e n t  t he  r a t s  received f i rs t  colchicine 
a n d  a f te r  30 m i n  2.5 U / k g  insu l in  s. c.. T h e y  were kil led 
41/2 h later .  Cont ro l s  were g iven  0.9% saline.  A t  sacrifice, 

1 G. Kahlson, E. Rosengren, D. Svahn and R. Thunberg, J. Phy- 
siol. 174, 400 (1964). 
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and J. Vang, J. Physiol. 259, 785 (1976). 

3 P.E. Lacy, S. L. Howell, D. A. Young and C. J. Fink, Nature 219, 
1177 (1968). 

4 L.E. Ericson and I. Lundquist, Diabetologia 11,467 (1975). 
5 A.M. Poisner and J. Bernstein, J. Pharmac. exp. Ther. 177, 102 

(1971). 
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Effect of insulin on serum gastrin concentration, gastric mucosal 
histamine Content and histidine: deci~rboxylase activity after pre- 
treatment with c01chicine. Statistical analysis was made according 
to Student's t.test Significant difference between untreated controls 
and drug-treated animals are indicated by **for 0.001 < p <  0.01 
an~ **~or p <0.001. Colcbicine alone or in combination with insulin 
h . . . .  " i ad no slgmfmant effect on the, mucosa! histamine content, whereas 
insulin alone caused reductio~ 6f the histamine content (0.001 < p < 
0.01)! The difference in serum gastrin concentration and histidine 
decarboxylase activity between colchicine-treated and:colchleine + 
insulin-treated rats was significant (p < 0.001). 

b lood was d r a w n  f rom the  aor ta .  S e r u m  was lyophi l ized 
and  s to red  a t  - 2 5 ~  un t i l  analysis .  G a s t r i n  was de te r -  
mined  b y  r a d i o i m m u n o a s s a y ,  us ing  an t ibod ie s  ra ised  'in 
r a b b i t s  aga ins t  s y n t h e t i c  h u m a n  ga s t r i n  I. The  a s s a y  
t echn ique ,  i ts  accu racy  a n d  re l iab i l i ty  on  r a t  se rum has  
been  descr ibed  elsewhere e. The  0xyn t i c  mucosa  was 
sc raped  off t he  s t o m a c h  wal l  a n d  homogen ized  in 0.1 M 
p h o s p h a t e  buffer ,  p H  7.0, to  a f inal  c o n c e n t r a t i o n  of 
100 m g  (wet weight)  pe r  ml.  The  h i s t a m i n e  c o n t e n t  of 
these  e x t r a c t s  was  m e a s u r e d  f iuoromet r i ca l ly  2 a n d  t he  
h i s t id ine  deca rboxy la se  a c t i v i t y  was d e t e r m i n e d  radio-  
me t r i ca l ly  as descr ibed  in de ta i l  e lsewhere e. 
Colchicine h a d  no  effect  on  s e r u m  gas t r in  concen t r a t i on ,  
gas t r ic  h i s t a m i n e  c o n t e n t  or  h i s t id ine  deca rboxy lase  
a c t i v i t y  in  fas ted  ra ts .  However ,  cotchicine p r e v e n t e d  t he  
r educ t ion  of gas t r ic  h i s t a m i n e  fol lowing in jec t ion  of in-  
sulin (figure) or p e n t a g a s t r i n  ( table),  b u t  d id  no t  p r e v e n t  
the  a c t i v a t i o n  of h i s t id ine  decarboxylase .  In su l in - s t im-  
u la t ed  gas t r in  release was n o t  i nh ib i t ed  b y  colchicine 
(figure). 
Mic ro tubu les  are t h o u g h t  to  be  i nvo lved  in the  process  of 
pep t ide  h o r m o n e  secret ion,  e.g., b y  p r o m o t i n g  m a r g i n a t i o n  
of cy top l a smic  g ranu les  p r io r  to  exocytosis .  Colchicine is 
k n o w n  to p r e v e n t  t he  a s sembly  of s u b u n i t s  in to  micro-  
t ubu l e s  7 and  ha s  the re fore  b e e n  widely  used in s tudies  on  
t he  role of th i s  organel le . in  h o r m o n e  secret ion.  Our  resu l t s  
seem to  sugges t  t h a t  release of h i s t a m i n e  f rom the  endo-  
cr ine cells in r a t  oxyn t i c  m u c o s a  is d e p e n d e n t  u p o n  a n  
i n t a c t  m i c r o t u b u l a r  a r r a n g e m e n t .  F u r t h e r ,  t he  resu l t s  
a rgue  s t rong ly  aga ins t  t he  c o n t e n t i o n  t h a t  h i s t id ine  de- 
ca rboxy lase  is a c t i v a t e d  as a r e su l t  of a r educed  h i s t a m i n e  
con ten t .  On t he  con t r a ry ,  i t  appea r s  t h a t  gas t r in - s t im-  
u l a t ed  h i s t a m i n e  release a n d  g a s t r i n - s t i m u l a t e d  ac t i va -  
t ion  of h i s t id ine  deca rboxy la se  are  2 i n d e p e n d e n t  pro-  
cesses. F ina l ly ,  t he  resu l t s  give no ind ica t ion  t h a t  col- 
chic ine  b locks  gas t r i n  release. Th i s  will be  the  sub jec t  of 
a s epa ra t e  s tudy .  

6 R. H&kanson, J. H. Kroesen, G. Liedberg, J. Oscarson, J. F. Reh- 
feld and F. Stadil, J. Physiol. 243, 483 (1974). 

7 G.G. Borisy and E. W. Taylor, J. cell. Biol. 3d, 523 (1967). 
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Summary. N y s t a t i n ,  a fungicide  of c u r r e n t  medica l  use, was  t a s t e d  in mice for i ts  effect  on c h r o m o s o m e s  of bone  m a r r o w  
cells. A s igni f icant  increase  of abe r ra t ions ,  m o s t l y  Of c h r o m a t i d  type ,  was  obse rved  over  a pe r iod  of f rom 15 rain  to  15 
days  fol lowing t he  a p p l i c a t i o n  of t he  drug.  Our  da~;a i nd i ca t e  a n o n - r a n d o m  d i s t r i b u t i o n  of t he  breaks ;  

The  a n t i f u n g a l  an t ib io t i c  n y s t a t i n ,  i so la t ed  as  a n  i n t r a -  
cel lular  p r o d u c t  of S t r e p t o m y c e s  noursc i  1 was ~ound 
effect ive  also in h u m a n  moni l i a l  infect ions.  The  ch romo-  
some-b reak ing  p r o p e r t y  of n y s t a t i n  a p p e a r e d  n o t  to  h a v e  
been  s tud ied  before,  w h i c h  i n i t i a t ed  t h e  p r e s en t  inves t i -  
g a t i o n .  
Material and method. 6-week-old r a n d o m  b red  Swiss 
s t r a i n  mice, Mus musculus ,  were in jec ted  w i t h  a 25% 
aqueous  so lu t ion  of n y s t a t i n *  a t  a dose of 50 m g / k g  b.w.  
( equ iva len t  to  a c u r r e n t  h u m a n  t h e r a p e u t i c  dose), a n d  
a n o t h e r  se t  w i th  dis t i l led w a t e r  as controls .  The i r  b o n e  

m a r r o w  cells w e r e  f ixed a t  8 d i f fe ren t  in t e rva l s  ( tab le  1) 
for t he  a s ses smen t  of c h r o m o s o m e  a b e r r a t i o n s  f rom slides 
p r e p a r e d  accord ing  to t he  co lch ic ine-c i t ra te -ace t ic  alco- 
ho l -Giemsa-a i r -d ry ing  t e c h n i q u e  3, ~. 
Results. AS found  w i t h  t he  use of o the r  an t ib io t i cs  4-9, t h e  
a b e r r a t i o n s  i nduced  b y  n y s t a t i n  were m a i n l y  c h r o m a t i d  
cons t r i c t ions  and  gaps, s u b c h r o m a t i d  and  c h r o m a t i d  
breaks ,  a n d  to  a m i n o r  e x t e n t  f r a g m e n t s  of u n k n o w n  
origin a n d  t rans loca t ions .  I n  t h e  con t ro l  series, t he  las t  2 
t ypes  were n o t  encoun t e r ed ,  white  t h e  f requencies  of 
o the r  types  were v e r y  low ( tab le  1). T h e  average  was 


