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N e w  patterns  of vascu lar  d e v e l o p m e n t  in roots  of P i s u m  recover ing  f r o m  colchicine t rea tment  
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Summary. A b n o r m a l  v a s c u l a r  p a t t e r n s  w e r e  f o r m e d  in  p e a  r o o t s  r e c o v e r i n g  f r o m  a 3 -h  t r e a t m e r t t  w i t h  0 . 0 2 5 %  of  
c o l c h i e i n e  s o l u t i o n .  N e w ,  o f t e n  a s y m m e t r i c a l ,  p a t t e r n s  a r o s e  b y  t h e  f o r m a t i o n  o f  a d d i t i o n a l  p r o t o x y l e m  p o l e s ;  l a t e r  
t h e  p a t t e r n s  c o n v e r t e d  to  a n o r m a l  s y m m e t r i c a l  t e t r a r c h  or  t r i a r c h  c o n d i t i o n .  

F e w  s t u d i e s  h a v e  b e e n  m a d e  of  t h e  f a c t o r s  t h a t  d e t e r m i n e  
v a s c u l a r  p a t t e r n s  w i t h i n  t h e  r o o t  a p i c e s  of  p l a n t s  2-6. 
S u c h  p a t t e r n s  a r e  c h a r a c t e r i s t i c  for  a g i v e n  spec i e s  a n d  
g e n e r a l l y  s t a b l e ,  w h i c h  i m p l i e s  g e n e t i c  d e t e r m i n a t i o n  
a n d  h o m e o s t a t i c  m a i n t e n a n c e .  I n  t h e  e f f o r t  t o w a r d s  
u n d e r s t a n d i n g  p a t t e r n i n g  2 a p p r o a c h e s  c a n  be  m a d e  : o n e  
is  to  e x p l o r e  a n y  n o r m a l ,  o n t o g e n e t i c ,  c h a n g e s  t h a t  o c c u r  
in  p a t t e r n i n g  2, 6, t h e  o t h e r  is to  i n t e r f e r e  e x p e r i m e n t a l l y  
w i t h  v a s c u l a r  p a t t e r n  f o r m a t i o n  a, 7, s ; b o t h  a p p r o a c h e s  
t h e n  r e q u i r e  t h e  c o r r e l a t i o n  of  a n a t o m i c a l  c h a n g e s  w i t h  
p h y s i o l o g i c a l  c h a n g e s  w i t h i n  t h e  a p e x .  O n e  p r o b l e m  of  t h e  
e x p e r i m e n t a l  a p p r o a c h  is to  f i n d  a n  a g e n t  t h a t  wil l  r e g u -  
l a r l y  p e r t u r b  t h e  m e c h a n i s m  of  p a t t e r n i n g  w i t h  t h e  m i n i -  
m u m  of  d a m a g e  t o  t h e  r o o t  a p e x .  H e r e  d e s c r i b e d  a r e  
c h a n g e s  in  t h e  v a s c u l a r  p a t t e r n  of  p e a  r o o t s  r e c o v e r i n g  
f r o m  t r e a t m e n t  w i t h .  co l ch i c ine .  T h i s  d r u g ,  t h e r e f o r e ,  
m a y  be  a n  a d d i t i o n a l  e x p e r i m e n t a l  t oo l  w i t h  w h i c h  to  
p r o b e  f u r t h e r  t h e  r e g u l a t i o n  o f  p a t t e r n  f o r m a t i o n .  

i 

R o o t s  o f  s e e d l i n g s  of  P i s u m  s a t i v u m  c .v .  M e t e o r  t h a t  h a d  
r e a c h e d  a l e n g t h  of 3 c m  were  i m m e r s e d  fo r  3 h in  0 . 0 2 5 %  
c o l c h i c i n e  s o l u t i o n  9. T h e n  t h e y  w e r e  w a s h e d  a n d  g r o w n  
o n  in  1 / 2 - s t r e n g t h  H o a g l a n d ' s  s a l t  s o l u t i o n .  Al l  s o l u t i o n s  
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Figures 1-6. Transverse sections through the regenerating portion of different roots recovering from a colchicine treatment.  The sections 
were photographed using polarized light. 
Fig. 1. Immediately distal to the e-turnout; there are 5 protoxylem poles (arrowed). Fig. 2. Splitting of 2 of the protoxylem poles (arrowed) 
about 0.2 em distal to the e-tumour. This particular root eventually acquired a pentarch vascular pattern (shown in figs. 5 and 6). Figs. 3 and 4. 
Successive stages in the devMopment of a triarch pat tern from a diarch condition. A new pole is initiated (fig. 3, arrow) 1.7 cm distal to the 
c-tumour; I t in further towards the root tip a symmetrical pat tern has been established (fig. 4). [Actually, this particular root became pentareh 
immediately distal to the c-tumour and then the root split to give 1 root that  was triarch and a second tha t  was diarch: it is the latter that  
is shown here.] Figs. 5 and 6. Change in the symmetry  of a pentarch vascular pattern. The asymmetric pat tern in figure 5 lies 0.7 cm distal to 
the e- tumour and the pattern in figure 6 lies 0.5 cm further towards the root tip. 
Figs. 1 and 2 are printed at the same magnification; so are figures 3-6. The seale bar represents 100 [xm. 
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were ae ra ted ,  changed  regu la r ly  and  m a i n t a i n e d  a t  room 
t e m p e r a t u r e .  Af t e r  t he  roo ts  h a d  m a d e  a t  leas t  4 cm of 
new g rowth  t h e y  were f ixed in He l ly ' s  fluid,  e m b e d d e d  
in wax  a n d  sec t ioned  t r ansve r se ly .  
Normal ly ,  pea  roo ts  h a v e  a s y m m e t r i c a l  t r i a r c h  ( rare ly  
t e t r a r ch )  vascu la r  p a t t e r n .  Of 13 roots  g rown a f t e r  
colchicine t r e a t m e n t ,  8 showed a d e v i a t i o n  f rom th i s  
n o r m a l  p a t t e r n  in t h e  r egene ra t i ng  po r t i on  of t h e  root .  The  
a b n o r m a l  p a t t e r n s  resu l ted  f rom a n  increase  in t he  n u m -  
ber  of p r o t o x y l e m  poles f rom t he  usua l  3 poles to  4, 5 or 
6 poles (figure 1). One roo t  showed a r educ t i on  of t he  n u m -  
ber  of poles f rom 3 to  2. 
E x a m i n a t i o n  of ser ia l  sect ions  of t he  r egene r a t i ng  roots  
revea ls  how t h e  a b n o r m a l  p a t t e r n s  arise a n d  the i r  sub-  
s e q u e n t  his tor ies .  The  new p a t t e r n s  m a y  o r ig ina te  i m m e -  
d ia t e ly  d i s ta l  to  the  c - t u m o u r  (i.e. t h e  swell ing induced  b y  
t he  colchic ine  i m m e d i a t e l y  b e h i n d  t he  roo t  apex)  or t h e y  
m a y  occur  a f t e r  t he  roo t  ha s  m a d e  up  to 2 cm of add i t io -  
na l  g rowth .  The  increases  in the  n u m b e r  of p r o t o x y l e m  
poles occur  in  2 ways.  One is b y  t he  sp l i t t i ng  of an  ex i s t ing  
pole : t h a t  is, where  t he re  was p rev ious ly  1 cell, or 1 g roup  
of cells, d i f f e r en t i a t i ng  as a p r o t o x y l e m  pole, 2 arise 
(figure 2). The  si tes of i ncep t ion  of t he  2 poles t h e n  d iverge  
and  become  i n d e p e n d e n t  of one ano the r .  The  o the r  way  
is b y  t he  i ncep t ion  of a new pole  t h a t  is u n r e l a t e d  to a n y  
p re -ex i s t ing  pole. Here ,  a single l ignif ied cell is a t  f i rs t  
seen e q u i d i s t a n t  f rom t he  ex is t ing  poles (figure 3) and,  
as roo t  r egene ra t i on  cont inues ,  new m e t a x y l e m  cells 
d i f f e r en t i a t e  to  comple te  t h e  a d d i t i o n a l  x y l e m  a r m  
(figure 4). 
All  t he  a b n o r m a l  vascu la r  p a t t e r n s  found  in t h e  regener -  
a t i n g  roots  showed  a t e n d e n c y  to r e v e r t  e v e n t u a l l y  to  t he  
or ig ina l  t r i a r c h  cond i t i on  b y  loss of t he  s u p e r n u m e r a r y  
p r o t o x y l e m  poles. Changes  in p a t t e r n i n g  also i n v o l v e d  
changes  in t h e  s y m m e t r y  of t he  p l a c e m e n t  of t he  x y l e m  
arms.  Fo r  ins tance ,  an  a s y m m e t r i c a l  p e n t a r c h  p a t t e r n  
wh ich  arose in 1 r eg ene r a t i ng  roo t  (figure 5) s u b s e q u e n t l y  
c o n v e r t e d  to a s y m m e t r i c a l  p a t t e r n  (figure 6) b y  changes  

in b o t h  t he  o r i e n t a t i o n  of m e t a x y l e m  d i f f e ren t i a t ion  a n d  
t he  pos i t i on ing  of the  p r o t o x y l e m  poles re la t ive  to one 
ano the r .  
A l t h o u g h  t he  per iod  of exposure  to  colchicine i s  brief,  t h e  
d rug  p r o b a b l y  pers is ts  in cells of t he  apex  for some t ime  
a f t e rwards  10. This  pers i s tence  m a y  a c c o u n t  for some of 
t he  l o n g - t e r m  changes  in m i to t i c  a c t i v i t y  found  in roo t  
m e r i s t e m s  fol lowing a 3 h t r e a t m e n t  11,12, and ,  in  pa r t ,  for 
t h e  changes  in va scu l a r  p a t t e r n .  A l t e r a t i ons  to  t he  
m e r i s t e m  inc lude  a r e d u c t i o n  of i ts  size is and  t he  poss ible  
s t i m u l a t i o n  in to  d iv i s ion  of cells loca ted  in t he  qu iescen t  
cen t re  (QC)12,14. The  cells f rom the  QC e v e n t u a l l y  re- 
p o p u l a t e  t he  mer i s t em.  14,1~. The  size of the  QC has  b e e n  
p o s t u l a t e d  to  con t ro l  t h e  c o m p l e x i t y  of t he  vascu la r  
p a t t e r  n 3, 6; therefore ,  t he  c h a n g e  in t h e  n u m b e r  of x y l e m  
a r m s  in t he  r e g e n e r a t i n g  roo t  m a y  ref lect  changes  in t h e  
n u m b e r ,  or ac t iv i ty ,  of cells in  the  r e fo rming  QC a f t e r  i t s  
s t i m u l a t i o n  b y  colchicine.  I t  is also conce ivab le  t h a t  
cells in t he  p r o c a m b i a l  cy l inde r  t h a t  would  n e v e r  n o r m a l l y  
become  lignified are s t i m u l a t e d  to do so b y  t he  colchi-  
cine t r ea tment16 .  The  p a t t e r n i n g  of t h e  vascu la r  s y s t e m  
is l ike ly  to  invo lve  some t y p e  of i n t e r ac t i on  b e t w e e n  
p r e s u m p t i v e  va scu l a r  cells in  t he  reg ion  of t he i r  incep t ion .  
W h e t h e r  t he  r e p a t t e r n i n g  t h a t  is obse rved  re la tes  to  
changes  in t he  p lo idy  of t he  p r e s u m p t i v e  xy lem in i t ia l s  or 
t h e i r  ne ighbours ,  or to  d i s t u r b a n c e s  to  g rad ien t s  of 
m o r p h o g e n e t i c  d e t e r m i n a n t s  w i t h i n  t he  apex,  r e m a i n s  to  
be  e luc ida ted .  
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Summary. A n  ora l  dose of 50-100 m g / k g  b . w t  of a new a n t h e l m i n t i c ,  albendoz01e, for 2-3  weeks ki l led adu l t  f lukes and  
s t opped  shedding  of ova  of P a r a g o n i m u s  kel l icot t i  in  e x p e r i m e n t a l l y  in fec ted  cats .  No cl inical  signs r e l a t ed  to t r e a t m e n t  
were recognized.  This  low tox i c i t y  of a lbendozole  m a y  be  useful  in t r e a t i n g  h u m a n  pa ragon imias i s .  

P a r a g o n i m i a s i s  is a serious pa ras i t i c  disease of h u m a n  
be ings  in Asia, Afr ica  a n d  S o u t h  A m er i ca  1. 3 or more  
hos t s  are i n v o l v e d  in t he  life cycle:  t he  de f in i t ive  hos t  
(man) becomes  in fec ted  b y  inges t ing  i n t e r m e d i a t e  hos t s  
(crabs,  crayf ish)  or p a r a t e n i c  hos ts*  (wild pigs) t h a t  h a v e  
ea t en  crabs .  Severa l  c a rn ivo rous  hos t s  (cats,  dogs) also 
ac t  as t h e  de f in i t ive  h o s t  for species of P a r a g o n i m u s  t h a t  
in fec t  man .  Y o u n g  f lukes m i g r a t e  to  t he  lungs  of t he  de-  
f in i t ive  hos t  v i a  i n t e s t i n a l  wall, p e r i t o n e u m  a n d  dia-  
p h r a g m .  T h e  m o s t  c o m m o n  s y m p t o m s  are a cough,  pro-  
fuse expec to ra t ion ,  hemoptys i s ,  and  ches t  pa ins  a,4. In -  
fec t ion  m a y  n o t  be  conf ined  to t he  lungs  as P a r a g o n i m u s  
f r e q u e n t l y  i n v a d e s  eyes a n d  b r a i n  caus ing  vis ion impa i r -  
m e n t ,  seizures a n d  para lys i s  s,4. B i t h i o n o l  is cons idered  
t h e  d rug  of choice a t  t he  p r e s e n t  t imea,  4. However ,  t h i s  
d r u g  causes  u n p l e a s a n t  side effects  such  as d ia r rhea ,  

nausea ,  v o m i t i n g  a n d  u r t i ca r i a l  e rup t ionsa ,  4. W e  r e p o r t  
p romis ing  p a r a g o n i m o c i d a l  p roper t i e s  of a r ecen t l y  d i s -  
covered  a n t h e l m i n t i c ,  a lbendazo le  5, in  ca t s  e x p e r i m e n t a l l y  
in fec ted  w i t h  P a r a g o n i m u s  kel l icot t i .  
E a c h  of 6 spec i f i c -pa thogen  free ca t s  were inocu la t ed  
ora l ly  w i t h  25 m e t a c e r c a r i a e  d issected  f rom the  h e a r t s  of 
n a t u r a l l y  in fec ted  crayf ish .  The  ca t s  deve loped  rad io-  
g r aph i ca l l y  d e m o n s t r a b l e  cys ts  in t h e i r  lungs  28 days  a f te r  
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