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cells by  the  manomet r i c  W a r b u r g  t echn ique  according to 
DE SANDRE et  a1.1~ 

Resul ts  are summarized in Tables I and If .  I t  is noted 
t h a t  e ry th rocy tes  hemolyse  in acidified se rum when  
AChE inhib i t ion  is more  marked .  A similar  f inding has 

Table I. AChE activity and susceptibility to acid lysis of normal red 
cells incubated with 8 % AET solution over different periods 

Period of incubation (min) 

3 6 9 

AChE activity (% inhibition) 47 60 80 
Ham's test - -  - -  + 
Crosby's test - -  + + 

Table II. AChE activity and susceptibility to acid lysis of normal 
red cells treated for 9 mill with AET solutions of progressive con- 

centrations 

Concentration % 

2 4 6 

been observed by  PERONA et al. s in normal  red cells 
a l tered wi th  t ryps in ;  these au thors  pos tu la te  t h a t  'a de- 
crease in AChE co n t en t  m a y  be a necessary,  bu t  no t  
sufficient  r equ i r emen t  to sensit ize red cells to acid lysis'. 
However ,  e ry th rocy te s  t r ea ted  for 9 min wi th  a 4~ A E T  
solution,  a l though  main ta in ing  the i r  normal  AChE ac- 
t iv i ty ,  hemolyse  in t he  Crosby t h r o m b i n  test .  Therefore 
unde r  these  exper imen ta l  condit ions,  AChE inac t iva t ion  
and suscept ib i l i ty  to acid lysis do no t  appear  to  be inter-  
dependen t .  This  agrees wi th  the  f inding of some workers  
t h a t  des t ruc t ion  of AChE ac t iv i ty  does  no t  resul t  in 
e ry th rocy tes  developing the  P N H  defect  11. 

Riassunto.  Emazie  umane  normal i  t r a t t a t e  con A E T  
most rano,  s imi lmente  alle emazie  del l 'emoglobinur ia  
parossis t ica  no t tu rna ,  una  diminuzione della loro a t t iv i th  
acet i lcol inesterasica ed una  suscet t ibi l i t~ all 'emolisi  acida. 
Nel  p resen te  lavoro vengono s tud ia t i  i r appor t i  esis tent i  
t r a  quest i  due pa rame t r i  e viene concluso che essi non 
sono in te rd ipendent i .  
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AChE activity (% inhibition) 0 0 55 
Ham's test - -  - -  - -  
Crosby's test - -  + + 
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Al iphat i c  A m i n e s  and a G r o w t h - F a c t o r  of Coco -  
nut  Mi lk  as  S t i m u l a t i n g  Cel lu lar  Pro l i f era t ion  of 
Helianthus tuberosus ( J e r u s a l e m  A r t i c h o k e )  in 

v i tro  

Firs t ,  we have  shown 1 t h a t  spermine,  an a l iphat ic  poly-  
amine,  is a g row th -p romot ing  subs tance  able to  take  the  
place of 3-indoleacetic acid (IAA) causing the  cellular 
division of Hel ianthus  tuberosus in vi tro.  

In  th is  expe r imen t  we have  s tudied  the  effect  of o the r  
a l iphat ic  amines  (1, 4 -d iaminobutane ,  1, 5-diaminopen-  
t ane  and spermidine) ,  also t ak ing  into cons idera t ion  the i r  
p robab le  occurrence as g rowth  factors  in coconut  milk, 
whose  g rowth-s t imula t ing  proper t ies  have  been  s tudied  
for a long t ime  wi thou t  def ini te  conclusions 3. 

D o r m a n t  tubers  of H.  tuberosus (Jerusalem art ichoke) 
were utilized. No ev iden t  t races  of spermidine ,  pu t resc ine  
or cadaver ine  were revealed in d o r m a n t  tubers .  Cylindri-  
cal exp lan t s  (3 m m  diameter ,  3 m m  height)  of a homo-  
geneous vascular  p a r e n c h y m e  were placed in steri le cul- 
tu re  in v i t ro  ill a nu t r i t ive  m e d i u m  s wi th  glucose 5% and 
previous ly  pur i f ied  agar  1.2% 4 

Concen t ra t ions  of amines  be tween  10 -4 and  10-6M 
were ut i l ized wi th  a contro l  in basal  med ium alone and  
basal  m e d i u m  plus naph tha leneace t i c  acid (NAA) 
0.5 �9 10-TM (~-, 0.5 �9 10-~M). Pu t resc ine  (1,4-diamino-  
butane)  and  spermidine  were ob ta ined  f rom F luka  AG, 
Buchs,  and cadaver ine  (1 ,5-diaminopentane)  f rom Cal- 
biochem. F u r t h e r  pur i f ica t ions  were carried out  by  means  

of successive recrysta l l iza t ions  and  the  pu r i t y  verified 
wi th  paper  c h r o m a t o g r a p h y  5, especial ly to discover  pos- 
sible indole compounds .  16 repl icat ions  were ut i l ized for 
every  concent ra t ion .  The exp lan t s  were randomized  and 
grown in a cul ture  room a t  25 ~ ~ 1800 lux, for 12 h pro 
die. Af te r  8-10 days  the  exp lan t s  wi th  spermidine  (10 -4 
and  10-SM), pu t resc ine  (10 -4 and  10-SM), and cadaver ine  
(10-4M) had  grown a lmos t  as much  as those  wi th  NAA: 
no visible g rowth  in o the r  concen t ra t ions  or in basal  
medium.  Af terwards ,  t he  o ther  amine  exp lan t s  began to 
grow too. The expe r imen t  was s t o p p e d  af ter  40 days :  
fresh and  d ry  weights ,  R N A  and  D N A  were de te rmined .  
The expe r imen t  was repea ted  at  th ree  di f ferent  t imes  wi th  
similar results.  

In  Tables I and  II  the  results  refer to a single experi-  
men t .  F r o m  Table  I i t  is ev iden t  t h a t  the  grea tes t  g rowth  
was wi th  spermidine  10-SM, similar  to op t imal  concen-  
t r a t ion  of NAA, less however  t h a n  spermine  10-4M 1. 
Put resc ine  1 0 - s M  and  cadaver ine  10-4M (Table II) also 
have  an act ion similar  to opt imal  concen t ra t ion  of NAA. 
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RUHLAND; Springer-Verlag, Berlin-Heidelberg-New York 1965), 
vol. XV/1, p. 844. 

3 F. BERTOSSI, NUOVO G. bot. ital. 66, 497 (1959). 
4 Z. KULESCHA, C. r. Soc. Biol. 743, 354 (1949). 
5 S. P. SEN and A. C. LEOPOLD, Physiologia Pl. 7, 98 (1954). 
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Microscopic sec t ions  of spe rmid ine  IO-nM, pu t r e sc ine  
1 0 - 5 M  a n d  cad av e r ine  1 0 - 4 M  e x p l a n t s  showed  t h a t  
ca l lus  was  n o t  f u n d a m e n t a l l y  d i f fe rent  f r om NAA.  No 
pro l i fe ra t ion  was  microscopica l ly  obse rved  in t he  control ,  
while  new a s s e m b l a g e s  of ceils were seen f rom the  o the r  
concentrations of amines .  E x p e r i m e n t s  to revea l  poss ible  
i n t e r ac t i o n s  a m o n g  IAA,  pu t r e sc ine  a n d  spe rmid ine  were 
made ,  b u t  r e su l t s  w i th  a s t a t i s t i c  va lue  were no t  ob ta ined .  

Table I. Fresh and dry weight of nucleic acids in explants of Jerusa- 
lem artichoke treated with spermidine 

Spermidine NAA 

10-4M 10-SM 10-BM 0.5. 10 7M 

Fresh weight~ (rag) 48,1 70.0 95.1 78.2 174.2 
Dry weight �9 (rag) 14.1 18.6 25.6 21.0 28.1 
% dry weight 29.3 26.5 26.9 26.8 16.1 
Growth index 100.0 131.9 1 8 1 . 5  148.9 199.2 
RNA mg]g 
dry weight 12,1 13.0 17.5 15.4 22,3 
DNA mg/g 
dry weight 2.4 3.8 4.2 3.6 5.9 
RNA/DNA 5.0 4.3 4.1 4.2 3.7 

�9 Average of 16 explants. 

Table II. Fresh and dry weight of nucleic acids in explants of 
Jerusalem artichoke treated with putrescine and eadaverine 

Putrescine Cadaverine NAA 

10 4 M  10 5M 10-4M 10 ~M 0 . 5 .  10-7M 

Fresh weight a 
(rng) 67.2 265.1  276.6 282.5  241.5  311.1 
Dry weight ~ 
(rag) 21.0 36.8 38.1 36.3 32.1 39.3 
% dry weight 31.2 13.8 13.7 12.8 13.2 12.6 
Growth index 100.0 175.2 181.4 172.8  152.8  187.1 
RNA mg/g 
dry weight 11.8 18.3 19.3 19.9 18.9 21.0 
DNA mg/g 
dry weight 2.1 6.0 6.3 6.0 5.8 7.2 
RNA/DNA 5.4 3.0 3.0 3.3 3.2 2.9 

Average of 16 explants. 

R N A  a nd  D N A  dosage  a, modi f ied  for vege tab le  t i s sues  7, 
pe r fec t ly  c on f i rme d  microscopic  o b s e r v a t i o n s  a n d  d r y  
we igh t  d e t e r m i n a t i o n .  

T h e  d a t a  are m u c h  more  i n t e r e s t i n g  if c o m p a r e d  w i t h  
our  p r e l i m i n a r y  i n v e s t i g a t i o n s  on  t he  g r o w t h - s t i m u l a t i n g  
proper t i es  of c o c o n u t  milk.  Espec ia l ly  d i a mine s  a n d  poly-  
a m i n e s  were i n v e s t i g a t e d  accord ing  to  t he  m e t h o d  of 
RAINA s. T h e  iden t i f i ca t ion  of a m i n e s  was  carr ied  o u t  
w i t h  p a p e r  e lec t rophores i s  s e p a r a t i o n  w i th  su lphosa l i -  
cylic acid bu f fe r  0 . 0 6 5 M  a t  p H  3.5 s. The  a m i d o  b lack  
m e t h o d  for q u a n t i t a t i v e  d e t e r m i n a t i o n  of p o l y a m i n e s  s 
al lows us  to  exc lude  t h e  p resence  of t hese  s u b s t a n c e s  in 
c oc onu t  milk.  S p r a y i n g  p a p e r  s t r ips  w i t h  0.1% n i n h y d r i n  
in  n - b u t a n o l  c o n t a i n i n g  1% glacial  acet ic  acid ~, t h ree  
d i s t i nc t  a m i n e  b a n d s  were de tec ted .  The se  were com-  
p a r e d  wi th  a u t h e n t i c  d i a m i n e s :  t he  t h i rd  ba nd ,  more  
r a p id ly  m o v i n g  f rac t ion ,  was  ident i f ied  as t rue  p u t r e s c i n e  ; 
t he  o the r  two b a n d s  were n o t  ident i f ied.  The  p u t r e s c i n e  
con ten t ,  a f t e r  e lu t ion,  was  e v a l u a t e d  wi th  s p e e t r o p h o t o -  
me t r i c  d e t e r m i n a t i o n s  a t  420 n m  af te r  r eac t ion  w i t h  2, 4- 
d in i t ro f luo robenzene  10. I n  c oc onu t  mi lk  pu t r e sc ine  is 
p r e s e n t  a t  a c o n c e n t r a t i o n  of ~-~0.25. 10 .5 ( N 1 0 - S M ) .  
B a n d s  were t h e n  used  to a s s a y  t he  poss ible  cel lular  pro-  
l i fera t ion  of J e r u s a l e m  a r t i c hoke  d o r m a n t  tubers .  Th ree  
b a n d s  were q u a n t i t a t i v e l y  o b t a i n e d  f rom 150 ml  of coco- 
n u t  milk,  accord ing  to t he  m e t h o d  p r e v i o u s l y  descr ibed ,  
a n d  were d i lu ted  in 1000 ml  of n u t r i t i v e  m e d i u m  a w i t h  a 
con t ro l  in basa l  m e d i u m  alone a n d  basa l  m e d i u m  p lus  
N A A  0 .5 .  10-L Af te r  5-7  d a y s  t he  e x p l a n t s  w i th  t he  
t h i rd  b a n d  (putrescine)  h a d  g rown  a l m o s t  as m u c h  as  
t hose  w i th  N A A ;  no vis ible  g r o w t h  in o the r  b a n d s  or in 
basa l  m e d i u m .  The  e x p e r i m e n t  was  s t oppe d  a f t e r  40 d a y s  
a n d  f resh  a n d  d ry  we igh t s  were de t e rmine d .  I n  Tab le  I I I  
t he  pro l i fe ra t ion  caused  b y  t he  t h i rd  b a n d  (putrescine)  
is ev iden t ,  a l t h o u g h  less t h a n  N A A .  

In  shor t ,  our  r e sea rch  ha s  s h o w n  t h a t  no t  on ly  sper-  
m i n e  1 b u t  also o the r  a l ipha t i c  d i a mine s  a n d  p o l y a m i n e s  
cause  t he  cel lular  d iv is ion  of H. tuberosus in vi t ro .  The se  
resu l t s  allow for an  increase  in t he  n u m b e r  of non -  
a r o m a t i c  c o m p o u n d s  able to  ac t  as g r o w t h  factors .  W e  
t h i n k  the  f i rs t  f ind ing  of pu t r e sc ine  in coconu t  mi lk  is 
v e r y  in te res t ing ,  s ince t h i s  d i a m i n e  m u s t  be  cons ide red  
one of the  n a t u r a l  g r o w t h  fac tors  p r e s e n t  in l iquid  endo-  
s p e r m  of c oc onu t  11. 

Riassunlo. P u t r e s c i n a ,  c a d a v e r i n a  e spe rmid ina ,  a m i n e  
a l i fa t iche s t r e t t a m e n t e  col legate  al la  spe rmina ,  ag iscono 
come fa t to r i  di c resc i ta  su e sp i an t i  di Helianthus tuberosus 
in vi t ro .  L ' az ione  della p u t r e s c i n a  ~ p a r t i c o l a r m e n t e  in te -  
r e s s a n t e  e s sendo  s t a t a  t r o v a t a  per  la p r i m a  vo l t a  nel  l a t t e  
di cocco. 

Ikl. BAGNI 

Table IfI. Fresh and dry weight of explants of Jerusalem artichoke 
treated with 3 amine bands separated by paper eleetrophoresis from 

coconut milk (see text) 

0 Band 1 Band 2 Band 3 NAA 
(putre- 0.5 �9 10-TM 
seine) 

Fresh weight ~ (rag) 62.3 66.6 67.1 1 1 6 . 3  299,6 
Dry weight S (mg) 11.2 11.4 11.3 16.5 38.3 
% dry weight 17.9 17.1 16.8 14.1 12.7 
Growth index 100.0 1 0 1 . 7  1 0 0 . 8  1 4 7 . 3  341.9 

a Average of 16 explants. 
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