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eingehen. Dass ein analoges Verhalten im Falle der 
Zn(II) -DTPA vermisst wird, kann als Hinweis fiir einen 
anderen, eventuell mit der hohen Konzentration der inji- 
zierten L6sungen zusammenh£ngenden MortalitAtsmecha- 
nismus h6herer Zn(II)-DTPA-Dosen aufgefasst werden; 
daftir spr/ichen auch die im Vergleich zu Ca-DTPA 
gr6sseren Regressionskoeffizienten (Figur 1). 

Was das Verhitltnis der toxisehen Dosen beider Chelate 
betrifft, so sind, wie die Figur 2 zeigt, zwei grundsRtzlich 
verschiedene Vergleichsm6glichkeiten gegeben: (a) Bei 
einer vorgegebenen Zahl yon Chelatapplikationen muss 
zur Erreichung des gleichen toxischen Effekts die Einzel- 
dosis der Zn(II ) -DTPA 2,5mal gr6sser als bei Ca-DTPA 
sein. (b) Bei gleicher H6he der Einzeldosen dagegen muss 
die Zahl der Zn(II)-DTPA-Applikationen um rund das 
30fache erh6ht werden. Die in (a) und (b) angegebenen 
Quotienten mtissen insofern als Mindestwerte angesehen 
werden, als nach dem oben Gesagten die M6glichkeit 
besteht, dass die Toxizit~.t der Zn(II)-DTPA in dem 
untersuchten Dosisbereich z.T. unspezifischer Art ist. 

Die Erh6hung des therapeutischen Index ist somit nur 
im Falte (b) ausreichend gross, um die Verwendung tier 
Zn(II)-DTPA in Erwagung ziehen zu k6nnen. Anders aus- 
gedriickt, wird das Zn(lI)-Chelat nur dann Vorteile 
bieten, wenn eine fiber l[ingere Zeit fortgesetzte Chelat- 
medikation indiziert ist. 

Summary. The lethal effect of daily intraperitoneal ad- 
ministrations of Ca-DTPA and Zn(II)-DTPA was studied 
in mice. Due to recovery processes, single chelate doses 
are non-additive and the cumulative LDso increases with 
decreasing daily dosage. At a given number of administra- 
tions, Zn(II)-DTPA is 2.5 times less toxic than Ca-DTPA. 
However, if the daily dosage is kept constant and the 
number of administrations variable, Zn(II)-DTPA is 30 
times less toxic. 
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G a s t r i c  E x c r e t i o n  of  Ct4 -Nico t ine  ~ 

In an earlier investigation ~ we observed, using an auto- 
radiographic method 3, that  Cl*-nicotine was accumulated 
in the gastric mucosa and also excreted into the stomach 
content. Several authors 4-~ have sho~aa that  nicotine 
interferes with the vascularity and motility of the 
stomach. The role of nicotine as a factor in causing peptic 
ulcers has been discussed by various writers ~. This paper 
is an extension of our earlier studies presenting a quanti- 
ta t ive analysis of the gastric excretion of C~*-nicotine and 
its metabolites. 

The (-)-nicotine-methyl-C .4 used in this investigation 
was synthetized by methylating (--)-nornicotine using 
formaldehyde-C 14 in the presence of formic acid=,t The 
C14-nicotine thus obtained was radiochemically pure and 
had a specific act ivi ty  of 66/,C/mg. 

Mice, rats, and cats were used as experimental animals. 
A series of mice were injected with C*~-nicotine intra- 

venously and sacrificed at 5, 15 and 30 min, and 1 and 4 h 
after the injection. The dose employed was 2.5 t~g/g of 
body-weight, corresponding to 0.16 t~C/g. Whole body 
autoradiography was performed according to the ULL- 
BERG method =. Figure 1 is an autoradiogram showing the 

* This investigation was supported by grants front Svenska "Fobaks 
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Fig. 1. Autoradiogram showing the distribution of radioactivity (light areas) in a mouse 1 h after intravenous injection of Ct4-nicotine. 
Sagittal section through the entire body of the animal Note the accumulation of radioactivity in the stomach. 
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d i s t r i b u t i o n  of C 14 p r e sen t  as n i co t ine  a n d / o r  i ts  m e t a b o -  
l i tes  1 h a f t e r  in jec t ion .  F r o m  t h i s  a u t o r a d i o g r a m  i t  is 
o b v i o u s  t h a t  n i co t ine  a n d / o r  i t s  m e t a b o l i t e s  a re  concen-  
t r a t e d  in t h e  s t omach .  F igu re  2 shows  a n  e n l a r g e m e n t  
f r o m  a s imi la r  a u t o r a d i o g r a m ,  o b t a i n e d  f rom a mouse  
sacr i f iced 15 m i n  a f t e r  t he  in j ec t ion  of C14-nicotine. Af te r  
t h i s  r a t h e r  s h o r t  t i m e  i n t e r v a l  t he  a m o u n t  of r a d i o a c t i v i t y  
is obv ious ly  h ighe r  in  t h e  gas t r i c  m u c o s a  t h a n  in t he  
s t o m a c h  c o n t e n t ,  whe reas  a f t e r  1 h (F igure  1) a s u b s t a n -  
t ia l  a m o u n t  of r a d i o a c t i v i t y  has  been  exc re t ed  i n to  t he  
s t omach .  

I n  some cases we m a d e  a u t o r a d i o g r a m s  of t he  excised 
mouse  s t omach .  T h e  s t o m a c h  was  cu t  open,  wiped  free of 
con t en t ,  f l a t t e n e d  o u t  a n d  p u t  on  X - r a y  film. F igu re  3 
shows b o t h  a p h o t o  of t h e  c u t - o p e n  s t o m a c h  a n d  t h e  cor- 
r e s p o n d i n g  a u t o r a d i o g r a m .  I t  shou ld  be  n o t e d  t h a t  rad io-  
a c t i v i t y  occurs  on ly  in t h e  g l a n d u l a r  p a r t  of t h e  s t o m a c h .  

I n  ou r  e x p e r i m e n t s  on r a t s  a n d  ca t s  s imi l a r  r e su l t s  were  
o b t a i n e d .  

The  a m o u n t  of  r a d i o a c t i v i t y  exc re t ed  in t he  s t o m a c h  
of mice  a n d  r a t s  was  d e t e r m i n e d  in a ser ies  of e x p e r i m e n t s .  
I n  some  cases on ly  t he  s t o m a c h  c o n t e n t  was  e x a m i n e d ,  
b u t  in  o t h e r  cases b o t h  s t o m a c h  c o n t e n t  a n d  s t o m a c h  
wal l  were  sub j ec t ed  to  r a d i o a c t i v i t y  m e a s u r e m e n t s .  
R a d i o a c t i v i t y  was d e t e r m i n e d  b y  m e a n s  of a P a c k a r d  
Tr i -Ca rb  l iquid  sc in t i l l a t ion  counte r .  T h e  re su l t s  of these  
d e t e r m i n a t i o n s  showed  r a t h e r  wide  va r i a t ions ,  t he  va lues  
o b t a i n e d  v a r y i n g  f rom 1.8 to  10% of t h e  a m o u n t  of 
r a d i o a c t i v i t y  in i t i a l ly  a d m i n i s t e r e d  to  t h e  a n i m a l s  as 
C14-nicotine. I n  o rde r  to  f ind  a n  e x p l a n a t i o n  for th i s  
v a r i a t i o n  we p e r f o r m e d  some e x p e r i m e n t s  in ra ts ,  per-  
fus ing t h e  s t o m a c h  in s i tu  w i t h  so lu t ions  of d i f f e ren t  p H  
levels.  

Male a lb ino  r a t s  we igh ing  b e t w e e n  300-325  g were used 
in  t he se  e x p e r i m e n t s .  T h e y  were s t a rved  o v e r n i g h t  a n d  
t h e n  a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t a l .  A p o l y t h e n e  t u b e  
( P E  50) was in se r t ed  in to  t h e  oesophagus  a n d  t i ed  j u s t  
a b o v e  t h e  s t o m a c h .  T h e  a b d o m e n  was  o p e n e d  a n d  a glass 
c a n n u l a  i n se r t ed  in to  the  s t o m a c h  t h r o u g h  a sma l l  inci-  
s ion in  t h e  d u o d e n u m .  T h e  a b d o m e n  was t h e n  closed w i t h  
on ly  t h e  glass c a n n u l a  p r o t r u d i n g .  T h e  s t o m a c h  was per-  
fused c o n t i n u o u s l y  w i t h  a p h o s p h a t e  buf fe r  a n d  t h e  
p e r f u s a t e  s a m p l e d  d u r i n g  per iods  of 30 min.  The  p H  of 
t h e  buf fe r  v a r i e d  in d i f fe ren t  e x p e r i m e n t s  f rom p H  1 to  
p H  9. T h e  per fus ion  r a t e  was  k e p t  fa i r ly  c o n s t a n t  a t  
0.5 m l /min .  C14-nicotine in a dose of 0.1 #g /g  of body-  
weight ,  c o r r e s p o n d i n g  to  0.007 /~C/g, was  a d m i n i s t e r e d  
in to  t h e  f emora l  vein.  The  a m o u n t  of r a d i o a c t i v i t y  in t he  
pe r fus ion  samples  was  t h e n  d e t e r m i n e d  in t he  P a c k a r d  
T r i - C a r b  l iquid  sc in t i l l a t ion  coun te r .  

T h e  Tab le  gives  t h e  va lues  o b t a i n e d  f rom these  exper i -  
m e n t s .  T h e  a m o u n t  of r a d i o a c t i v i t y  in  t h e  pe r fusa t e s  is 
expres sed  as % of t h e  i n j ec t ed  r a d i o a c t i v i t y  p r e s e n t  in  
n ico t ine .  I t  is obv ious  t h a t  t h e  h i g h e s t  e x c r e t i o n  occurs  
a t  p H  1 (mean  v a l u e  4.40/0) a n d  t h a t  t he  e x c r e t i o n  

Excretion of radioactivity into rat stomach at different pH after 
intravenous injection of C14-nicotine. Mean values from 3 different 

experiments in each group 

pH ~o of radioactivity excreted 

1 4.4 
3 2.5 
7 0.9 
9 0.6 

d i m i n i s h e s  as t h e  p H  is inc reased  - a t  p H  9 t h e  a m o u n t  
of r a d i o a c t i v i t y  is clown to  0 .6%.  I n  these  e x p e r i m e n t s  i t  
was  also s h o w n  t h a t  t h e  p e a k  in  exc re t i on  is r e a c h e d  a f t e r  
a p p r o x i m a t e l y  1 h. 

T h e  q u e s t i o n  n a t u r a l l y  ar i ses :  h o w  m u c h  of t h e  ex-  
c re t ed  r a d i o a c t i v i t y  is p r e s e n t  as n i co t ine  a n d  h o w  m u c h  
as  m e t a b o l i t e s  ? In  o r d e r  to  a n s w e r  th i s  ques t i on  s amp l e s  
of t h e  p e r f u s a t e  were  s u b j e c t e d  to  t h i n  l ayer  c h r o m a t o g -  
r a p h y  w i t h  s u b s e q u e n t  r ad ioas say  as desc r ibed  in  one  
of o u r  ear l ier  p a p e r s  ~°. I t  was  found  t h a t  a f t e r  30 ra in  
6 5 %  of t h e  r a d i o a c t i v i t y  was sti l l  p r e s e n t  as n i co t ine  b u t  
a f t e r  1 h on ly  25%.  T h e  r e m a i n d e r  of t h e  r a d i o a c t i v i t y  
was p r e s e n t  in  t h e  one a n d  on ly  m e t a b o l i t e  w h i c h  could  
be  d e t e c t e d  in these  e x p e r i m e n t s ,  viz. co t in ine .  

Our  s tud ies  i nd i ca t e  a n  e v i d e n t  exc re t ion  of n ico t ine  
v ia  t h e  s t omach .  Th i s  process  seems to  be  in t h e  n a t u r e  
of a pass ive  secre t ion,  d e p e n d e n t  on  t h e  p H  level  of t h e  
s t o m a c h  c o n t e n t .  I t  h a s  b e e n  s t a t e d  n t h a t  t h e  passage  of 
d rugs  f rom p l a s m a  (pH 7.4) to  gas t r i c  ju ice  (pH 1) de-  
p e n d s  on t h e i r  p K a  values .  T h e  basic  d r u g  n i co t ine  seems  

Stomach content Gastric mucosa 

Fig. 2. En l a rgemen t  from a whole-body au torad iogram.  Dis t r ibu t ion  
of r a d i o a c t i v i t y  in the mouse  s tomach  mucosa  mid conten t  15 rain 

af ter  the in t ravenous  in ject ion of C14-nicotine. 
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Fig. 3. To the left: a photo of the cut-open and flattened mouse stomach. To the right: the corresponding autoradiogram of the stom- 
ach. Note presence of radioactivity in the glandular part of the stomach. Ct4-nicotine was injected intravenously I h before the stom- 

ach was exci~d from the animal. 

to  fit  in to  the  sugges ted  p a t t e r n  - the  non-ionized nicotine 
passes  in to  t he  acid s t o m a c h  c o n t e n t  and becomes ionized. 

Natura l ly ,  no conclusions can be d rawn from our 
p r e sen t  resul ts  as to the  pa r t  p layed  by  nicotine in causing 
pep t i c  ulcers. The mere  fact ,  however ,  t h a t  nicotine is 
exc re ted  via  the  gastr ic  mucosa  in to  the  s tomach  con ten t  
in subs t an t i a l  amount s ,  fulfils a t  least  a prerequis i te  for 
t he  ac t ion  of n icot ine  on the  s tomach  wall. 

Zusammen[assung. Der ~ b e r t r i t t  von Ct4-Nicotin aus 
der  Magensch le imhau t  von M~usen, R a t t e n  und Ka tzen  
in den  Magen inha l t  wurde  au torad iographisch  und mi t  

Radioakt ivi t [ i t smessungen un te rsuch t .  Per fus ionsver -  
suche des R a t t e n m a g e n s  in situ e rgaben  eine p H -ab -  
h/ingige Nikot inausscheidung.  Chromatograph i sch  wurde  
die ausgeschiedene Radioaktivit~it  tells im Nikot in  selber,  
tells im Abbauproduk t  Cotinin nachgewiesen.  
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C o m p a r a i s o n  d e  l ' e f fe t  d e  c o n g 6 1 a t i o n s  et  de  
l y o p h i l i s a t i o n s  s u r  la  v i a b i l i t 6  u l t 6 r i e u r e  d ' e m -  

b r y o n s  d'Evonymus vulgaris M i l l e r  

(E. europaeus L . p . p )  

Dans  une  pr6c6dente  note  1, nous avons  montr6  que le 
pourcen tage  d ' e m b r y o n s  d'Evonymus vulgaris capables de 
germer  apr~s avoir  subi une lyophi l isa t ion semble, au 
moins  dans  cer ta ines  l imites,  li~ ~ leur t eneur  en eau. 

Nous  avons  poursuiv i  nos recherches  dans  ce domaine,  
et ,  au cours  du pr6sent  t ravail ,  nous avons  essay6 de d~- 

terminer ,  chez des e m b r y o n s  d o n t  la t eneu r  en eau a 6t6 
amen@e b. des valeurs a l lant  de  5,3 & 50~g, la responsabi l i t6  
relative de chacune  des deux  6tapes de la lyophi l i sa t ion  
(cong61ation et  cryodessiccat ion)  dans  le t a u x  de mor ta l i t6  
de ces embryons .  

Pour  ces recherches,  nous  avons  utilis6, des  e m b r y o n s  
d'Evonymus vulgaris apr~s qu ' i ls  a ient  6t@ isol6s de graines 
mflres et  s6ches; nous avons  fait  var ier  la t en eu r  en eau 

1 C. BlYLARD et J. MoNt~, C. r. Aead. Sci. 258, 1613 (1964). 


