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tionssonde mit  Lochkristall (Philips PW 4119) ausge- 
ziihlt. Dann wurden die Proben mit  0,5 ml _Kthanol (80%) 
versetzt und zerrieben. Im abgetrennten Ex t rak t  wurde 
das FOB bestimmt. 

Aus den Resultaten der Tabelte I i s t  ersichtlich, dass 
t~OB yon eisenhungrigen Pflanzen rasch aufgenommen 
wird, dass die Eisenaufnahme mit der FOB-Aufnahme 
korreliert und dass das komplexierte Eisen (Fe+s-FOB) 
im Vergleich zum freien ionischen Eisen rascher in die 
oberirdischen Teile transportiert  wird bei gleichen Aus- 
gangskonzentrationen (5,8 ~zg Eiseff pro mI). 

Die stimulierende Wirkung yon FOB auf die Eisen- 
aufnahme konnte in einer zweiten Versuchsanordnung, 
wo anstat t  Hoagland-LSsung nur destilliertes Wasser ver- 
Wendet wurde, eindeutiger gezeigt werden, weft Ausf~llen 
des freien Eisenions nicht in Betracht  zu ziehen ist. \Vie 
die Resul tate  der Tabelle I I  zeigen, ~drd auch unter 
diesen Bedingungen der Eisenkomplex rascher als das 
freie Eisenion in die oberirdischen Pflanzenteile transpor- 
tiert. Ausgangskonzentration des Eisens: 11,6 [xg pro ml. 

Die Ursache der stimulierenden Wirkung von FOB auf 
die Eisenaufnahme unter den Bedingungen des zweiten 
Experimentes ist nicht bekannt.  Gewisse Versuchs- 
resultate (unverSffentlicht) deuten darauI hin, dass Eisen 
aus der FeC13-L6sung rasch an oder in die Wurzel sorbiert 
wird, aber langsamer an die oberirdischen Teile abgegeben 
wird. 

Summary. Ferrioxamin B (FOB), an iron chelating 
cyclopeptide, is shown to be absorbed and translocated in 
tomato plants from nutrient  solution. Chelated iron (FOB) 
is transported to the upper parts of tomato plants more 
rapidly than ionic iron (FeCl~). 
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Fate of Cartilage Cells in Limb Regeneration in 
the Axolotl ( A m b y s t o m a  m e x i c a n u m )  

Limb regeneration in Amphibia involves a morpho- 
logical de-differentiation of tissue cells to form a blastema, 
Which subsequently develops into a complete new limb. 
The de-differentiation leading to blastema formation 
appears to be complete, so far as can be determined from 
electron microscopical and other observations (see review 
by HAy 1). Thus, highly specialized cells, such as those of 
cartilage and muscle, lose their characteristic morpho- 
logy and become indistinguishable from each other in the 
blastema. For this reason their eventual  fates have re- 
mained obscure, and it is not known whether they remain 
true to type or revert  to a pluripotent  state and change 
in type during regeneration. The present paper records an 
at tempt  to solve this problem for one cell type - that  of 
cartilage. 

Method. Our experiments involved the grafting of 
ttiptoid cartilage into diploid limbs from which the distal 
two-thirds of the humerus had previously been removed. 
Host and donor larvae, 95 to 105 mm in length, were 
kindly provided by Dr. R. R. HUMPHREY. Both were 
from a dark strain of axolotls which occasionally gives 
triploid offspring (HUMPH RI~¥ 2). Bone-free cartilage from 
the distal portion of the triploid humerus was placed in 
1% trypsin, made up in a solution containing (in g/l): 
NaC1, 3.12; KC1, 0.078; NaH~PO4.H~O, 0.020; NaHCOv 
0.389; adjusted to pH 8.0 with 0.1N KOH. The cartilage, 
While in the enzyme solution, was stripped completely 
free of its perichondrium and then washed thoroughly in 
STEINBERG'S ~ solution before being grafted into the host 
limb. After the grafts had healed in place for 5 to 7 days 
the host limbs were amputated at the elbow, just distal 
to the grafted cartilage, Regeneration was allowed to 
proceed for 30 or 45 days, by which t ime the digital 
Cartilages were, well formed. The regenerates were then 
fixed in Bouin's fluid, sectioned at 10 t~, and stained ac- 
Cording to the azure I3 method of FLAX and HI.~Es 4 - a 
raethod particularly valuable for staining nucteoli. 
Nucteolar number was determined in the newly formed 

cartilage, muscle, and epidermis of the regenerates. Cells 
derived from the triploid cartilage graft  would be ex- 
pected to display a maximum of 3 nucleoli per nucleus, 
compared with a maximum of 2 nucleoli per nucleus for 
cells of host (diploid) origin. Both triploid and diploid 
cells may, of course, show fewer than the maximum 
nucleolar number as a result of nucleolar fusion. Thus it is 
only the maximum number per nucleus, exhibited in a 
population of cells, tha t  can serve as a reliable indication 
of the ploidy of the population (FANKHAUSER and 
HUMPHREYS). 

Results. 39 regenerates of diploid limbs containing 
grafted triploid cartilage were studied. In 28 cases the 
regenerates contained no triploid cartilage, and other 
tissues were also devoid of triploid cells, In these cases 
the grafts presumably failed to survive, or to be included 
in the amputa ted  regenerate. The remaining 11 regen- 
erates all showed significant numbers of cartilage nuclei 
with 3 nucleoli, indicating graft survival. The cartilage, 
muscle, and epidermis of these regenerates were examined 
with the following results. 

In 4 cases the triploid cartilage was present in the 
proximal part  of the amputated regenerate but  was con- 
fined to the stump and failed to participate in the re- 
generation. The newly formed cartilage, muscle, and epi- 
dermis contained no nuclei with 3 nucleoli, so far as 
could be seen. 

In 7 cases the grafted triploid cartilage survived and 
participated in regeneration, as indicated by the presence 
of nuclei with 3 nucleoli in the newly formed cartilage. In 
3 of these cases quant i ta t ive  analyses were made on rep- 
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r e s e n t a t i v e  sect ions.  A p p r o x i m a t e l y  5000 ca r t i l age  nucle i  
were e x a m i n e d  in each  l imb, and  1 to 5% of these  nucle i  
c o n t a i n e d  3 nucleoli .  C o m p a r a b l e  c o u n t s  done  on  h u m e r a l  
ca r t i l age  of con t ro l  t r ip lo id  l imbs  gave  p e r c e n t a g e s  
r a n g i n g  f rom 19 to  2 3 ~ .  Th i s  c o m p a r i s o n  i nd i ca t e s  t h a t  
t he  g ra f t ed  t r ip lo id  car t i l age  c o n t r i b u t e d  a b o u t  5 to  20% 
of t he  r egene ra t ed  ca r t i l age  in t he  e x p e r i m e n t a l  l imbs.  

The  7 l imbs  in wh ich  the  g ra f t ed  t r ip lo id  car t i l age  pa r -  
t i c i pa t ed  in r egene ra t i on  were  e x a m i n e d  ca re fu l ly  to  
d e t e r m i n e  w h e t h e r  t he  g r a f t  gave  rise to  cell  t y p e s  o t h e r  
t h a n  chondrocy te s .  A d e q u a t e  nuc leo la r  n u m b e r  de te r -  
m i n a t i o n s  cou ld  be  m a d e  in two  t i ssues  - musc le  a n d  
epidermis .  I n  5 of t h e  7 l imbs  t he  r e g e n e r a t e d  musc le  
c o n t a i n e d  no  t r ip lo id  nuclei ,  so far  as could be  de te r -  
mined .  I n  the  r e m a i n i n g  t w o  r egene ra t e s  we found  in t h e  
muscle  a t o t a l  of 4 s ca t t e r ed  nucle i  each  w i t h  3 nucleoli ,  
o u t  of a t o t a l  of a b o u t  10,000 nucle i  e x a m i n e d .  L i t t l e  
s igni f icance  can  be  a t t a c h e d  to  t h i s  o b s e r v a t i o n ,  for  
reasons  m e n t i o n e d  below. 

E x a m i n a t i o n  of t he  ep idermis  of t h e  7 r egene ra t e s  
showed  the  following. I n  1 case t he  ep ide rmis  c o n t a i n e d  
no  nucle i  w i t h  3 or more  nucleoli .  In  t he  r e m a i n i n g  6 cases 
we found  widely  s c a t t e r e d  smal l  g roups  of po lyp to id  
cells in  t h e  r egene ra t ed  ep idermis .  However ,  in  e v e r y  case 
t h e  m a x i m u m  nuc leo la r  n u m b e r  was 4 r a t h e r  t h a n  3, 
i n d i c a t i n g  t h a t  t he  cells were de r ived  f rom hos t  cells in  
wh ich  a d o u b l i n g  of c h r o m o s o m e  n u m b e r  h a d  occurred,  
r a t h e r  t h a n  f rom t h e  g ra f ted  t r ip lo id  ceils. T he  s ame  ex- 

p l a n a t i o n  could  also be  offered for  t h e  v e r y  r a r e  t r i -  
nuc leo la t ed  musc le  cells m e n t i o n e d  above ,  w h i c h  could 
be  t e t r a p l o i d  hos t  cells in  wh ich  a nuc leo la r  fusion h a d  
occurred.  

T h e  re su l t s  o b t a i n e d  in t h i s  s t u d y  do n o t  p rov ide  a n y  
ev idence  to  i n d i c a t e  t h a t  ca r t i l age  cells c h a n g e  in t y p e  
d u r i n g  l imb  regene ra t ion .  T h e  poss ib i l i ty  t h a t  cell t y p e  
changes  m i g h t  occas iona l ly  occur  is, of course,  n o t  ex- 
c luded.  However ,  ou r  e x p e r i m e n t s  i nd i ca t e  t h a t  if such  
changes  t a k e  place  t h e y  do so in a f r e q u e n c y  so smal l  t h a t  
t h e y  c a n n o t  be  d e t e c t e d  b y  t h e  nuc leo la r  n u m b e r  m a r k e r  °. 

Rdsumd. Nous  a v o n s  su iv i  de pr6s, p e n d a n t  la  r6g6n6ra-  
t ion ,  le c o m p o r t e m e n t  du  ca r t i l age  t r ip lo ide  greff6 dans  
les m e m b r e s  diploides  en  nous  s e r v a n t  du  n o m b r e  nucl6o o 
laire  c o m m e  m a r q u e  cel lulaire.  L a  greffe de  ca r t i l age  a 
fourn i  des  cellules de  ca r t i l age  au  r6g6n6ra t ,  ma i s  elle n ' a  
pas  c o n t r i b u 6  ~ la  d 6 c o u v e r t e  de  cellules d ' a u t r e s  esp6ces. 

J.  PATRICK a n d  R. BRIGGS 

Department el Zoology, Indiana University, 
Bloomington (USA), January 23, 796d. 

6 This work was supported in part by a research grant from the 
Research Grants Division, U.S. Public Health Service (RG-5850). 

A b s c h w ~ i c h u n g  d e r  T o x i z i t i i t  v o n  Nicot in  durch 
E r h S h u n g  d e r  T h r o m b o c y t e n z a h l  

N ico t i n  s e t z t  bei  i n t r a v e n 6 s e r  I n j e k t i o n  A d r e n a l i n  u n d  
N o r a d r e n a l i n  aus  d e m  N e b e n n i e r e n m a r k  frei;  in  f r i iheren  
A r b e i t e n  wurde  von  uns  nachgewiesen ,  dass  d u r c h  Nico t in  
n i c h t  n u r  die Ca techo lamine ,  sonde rn  auch  die b iogenen  
A m i n e  5 - H y d r o x y t r y p t a m i n  (Se ro ton in ,  5-HT) u n d  
H i s t a m i n  l iber ie r t  werden  l''z. I m  B t u t  k re i sende  b iogene  
Amine ,  i n sbesonde re  5 -HT,  w e r d e n  d u r e h  die T h r o m b o -  
c y t e n  gespe icher t  und  d a d u r c h  zei tweil ig i n a k t i v i e r t ;  die 
B l u t p l A t t c h e n  k S n n e n  ein Vie l faches  ihres  u r sp r i ing l i chen  
phys io log i schen  Geha l t e s  an  5 -HT a u f n e h m e n  a. 

Wi r  p r t i f t en  a n h a n d  de r  Toxizit~tt  des Nieot ins ,  ob  diese 
Ffi.higkeit e inen S c h u t z m e c h a n i s m u s  gegen die p tStz l iche  
(3be r f lu tung  des O r g a n i s m u s  m i t  p h a r m a k o l o g i s c h  sehr  
w i r k s a m e n  b iogenen  A m i n e n  dars te l l t .  

Methoden. Zu den  V e r s u c h e n  w u r d e n  2,9-4,3 kg (Mit- 
t e lwer t  3,4 kg) schwere  K a n i n c h e n  ve rwendc t .  I n  f lacher  
P e r n o c t o n n a r k o s e  wurde  den  T ie ren  je ein Poly~i thylen-  
k a t h e t e r  in die A. ca ro t i s  u n d  in die V. j ugu la r i s  gelegt.  
7 T ie ren  wurde  d u r c h  d e n  V e n e n k a t h e t e r  eine T h r o m b o -  
c y t e n s u s p e n s i o n  in fund ie r t .  Diese b e s t a n d  aus  u n t e r -  
sch ied l ichen  Mengen  von  T h r b m b o c y t e n ,  welche  a:us d e m  
Blur  yon  S p e n d e r t i e r c n  d u r c h  d i f ferenzier tes  Zen t r i fu -  
gieren ~- i sol ier t  wurden .  Die so g e w o n n e n e n  T h r o m b o -  
c y t e n  h a b e n  die F~ihigkeit  zur  A u f n a h m e  yon  A m i n e n  
n i c h t  vcrh)ren  ~. Sie w u r d e n  in phys io log ischer  Kochsa lz -  
16sung u n t e r  Zusa t z  yon  1000 I E  H e p a r i n  s u s pend i e r t  
u n d  m i t  e inigen ml  aus  der  Carot is  e n t n o m m e n e n  ]3lutes 
des Versuchs t i e res  ve rmisch t .  Al len  a n d e r e n  Versuchs -  
t i e ren  wurde  dic gleiche Menge  K o c h s a l z - H e p a r i n - B l u t -  
Mi schung  inj iz ier t .  

Die B e s t i m m u n g  der  T h r o m b o c y t e n z a h l  er folgte  im 
a r t e r i e l l en  B lu t  n a c h  de r  l n f u s i o n  der  T h r o m b o c y t e n ,  
bzw. der  Kon t ro l l su spens ion .  Die Zi ih lung de r  T h r o m b o -  
c y t e n  wurde  n a c h  de r  M e t h o d e  v o n  FEISSLY-LODIN in 
de r  Modi f ika t ion  y o n  DERLATH ¢ du rchge f i ih r t .  U n s e r e  
Ver suchs t i e r e  wiesen im D u r c h s c h n i t t  e inen  T h r o m b o -  
c y t e n n o r m a l w e r t  yon  3 4 7 0 0 0 / m m  ~ B l u t  auf. D u r c h  die 
In fus ion  yon  aus  250 ml  B l u r  g e w o n n e n e n  T h r o m b o c y t e n  
wurde  z. ]3. die T h r o m b o c y t e n z a h l  bei e inem V e r s u c h s t i e r  
yon  5 8 0 0 0 0 / m m  a au f  1 3 8 0 0 0 0 / m m  3 e rhSh t .  N a c h  de r  
In fus ion  de r  T h r o m b o c y t e n s u s p e n s i o n  wurde  d e n  K a n i n -  
chen  0,66 m g / k g  Nicot in  (freie Base  in NaC1-L6sung) in  
die V. jugu la r i s  in  A b s t ~ n d e n  yon  je 1 m i n  bis  z u m  A t e m -  
s t i l l s t and  inj iz ier t .  U n m i t t e l b a r  d a n a c h  w u r d e n  die Tiere 
aus  de r  A. ca ro t i s  e n t b l u t e t .  Das  B l u r  w u r d e  d u r c h  dif-  
Ie renz ier tes  Zen t r i fug ie ren  n a c h  de r  M e t h o d e  y o n  LOtIR ~ 
in E r y t h r o c y t e n ,  Leukocy t en ,  T h r o m b o c y t e n  u n d  P l a s m a  
aufgete i l t .  In  den  e inze lnen  F r a k t i o n e n  wurde  de r  Nico-  
t i n g e h a l t  n a c h  I so l i e rung  des Alka lo ids  d u r c h  a lka l i sche  
W a s s e r d a m p f d e s t i l l a t i o n  m i t  e iner  M e t h o d e  b e s t i m m t ,  
welche  au f  de r  E x t i n k t i o n s z u n a h m e  des  N ico t in s  bei  
259 mfz be im  VVechset w)m n e u t r a l e n  zu s a u r e m  Milieu 
b e r u h t  6. 

H. SCmEVELt~mN, E. WERLE und W. JACOBY, Naturwiss. 48, 60g 
(1961). 

2 H.  SCIIIEVELBEIN L!tld E, WERLE, Psychopharmacologia 3, 35 
(lvs~). 

a H. ScmEv~LBEIN, E. WERLE and INGRID ]~CKERT, Arzneimittel" 
forschung 13, 211 (1963). 

4 S. DERLATH, J~rztl. Forschuug 1956, 552. 
r, G. W. L6HR und H. D. WALLER, Klin. Wschr. 87, 833 (1959). 

BeitrSge zur Tabakforschung Heft 8, 315 (1962). 


