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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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Eggs per g of feces on 
post-treatment days 

Cat No. Albendazole (mg/kg b.wt) 0 3 6 9 12 14 DAtP 

Autopsy examination 

No. of patent cysts No. of live flukes* 

1 100 860 200 80 0 0 0 107 None None 
2 100 2120 340 40 0 0 0 107 None None 
3 20 720 700 200 20 60 20 108 5 9 
4 20 2660 960 780 220 80 20 108 3 7 
5 None 1300 2360 960 920 1460 1240 106 9 17"* 
6 None 1420 480 980 1440 1060 1240 Not done 

* Each cat given 25 metacercariae. DAIP = Days after inoculation with Paragonimus metacercariae. ** Percent recovery of adult flukes from 
7 cats not included in this paper was: 87, 84, 80, 68, 60, 58 and 50. 

inocula t ion  wi th  Pa ragon imus  (DAIP) .  Ova of Paragoni -  
mus  were seen beg inn ing  56-59 D A I P .  S ta r t ing  80 D A I P ,  
4 Pa ragon imus - in fec t ed  and 2 un infec ted  cont ro l  ca ts  
were  admin i s t e r ed  an oral aqueous  suspens ion  of a lbenda-  
zole in 2 d iv ided  doses of 20 or 100 mg/kg  b .wt  dai ly  for 
14 days.  Faeces  were examined  dai ly  for t r e m a t o d e  ova 6 
a n d  rad iographs  and  hemograms  were t aken  weekly.  4 
weeks a f te r  the  s t a r t  of c h e m o t h e r a p y  5 cats  were killed 
and  necropsied.  The resul ts  are shown in the  table.  
I t  is a p p a r e n t  t h a t  the  admin i s t r a t i on  of 100 mg/kg  b . w t  
of a lbendazole  for 14 days  ( total  dose, 1400 mg) killed the  
adu l t  f lukes and  s topped  shedd ing  of ova. A d rama t i c  re- 
solut ion of t he  p a t e n t  cys ts  in the  lungs was a p p a r e n t  
b o t h  rad iographica l ly  and  a t  necropsy.  The admin i s t ra -  
t ion  of 20 mg/kg  b . w t  of a lbendazole  ( total  dose, 280 mg) 
killed ha l f  of the  flukes and  par t i a i ly  suppressed  the  shed-  
d ing  of ova.  

The contro l  ca t  n u m b e r  6 t h a t  was no t  necrops ied  (table) 
was t h e n  t r e a t ed  wi th  a lbendazole  50 mg/kg  b .wt ,  dai ly  
for 21 days  beginning  101 D A I P .  Pa ragon imus  ova  were 
no t  d e t e c t e d  in the  feces of th is  ca t  9 days  af ter  admin is te r -  
ing the  drug  and there  was a d rama t i c  resolut ion of lesions 
in the  lungs as de tec ted  by  rad iographic  examina t ion  and  
necropsy  2 weeks af ter  the  cessat ion of chemothe rapy .  
No clinical s igns re la ted  to  t r e a t m e n t  were recognized.  
Hemato log ica l  examina t ion  of all 8 cats  were wi th in  nor-  
mal  l imits  excep t  a t  one sampl ing  in te rva l  (92 DAIP)  
when  ca t  n u mb er s  1 and  2 were leukopenic  and  neu t ro-  
penic.  The cause of t he  t r ans i en t  neu t ropen ia  was no t  de- 
t e rmined .  His topa thologica l  examina t i on  of sect ions f rom 
all ma jo r  organs  of all t r e a t ed  cats  failed to  reveal  any  
changes  re la ted  to  a lbendazole  t r e a t m e n t .  

6 F.A. Happich and J. C. Boray, Aust. Vet. J. 45, 326 (1969). 
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Summary. Dichloropyr imid ines  can be considered as a new group of an t iv i ra l  subs tances  hav ing  a c o m m o n  spec t rum 
of inh ib i to ry  act ion.  

The ant iv i ra l  ac t iv i ty  of 2-amino-4 ,6-dichloropyr imidine  
has  been repor ted  prev ious ly  ~-*. Cer ta in  features  of th is  
ac t ion  deserve  cons idera t ion :  2-amino-4 ,6-dichloropyr im-  
idine acts  on virus  g rowth  a t  concen t ra t ions  which  have  
l i t t le  'o r  no effect  on macromolecu la r  me tabo l i sm of 
un i fec ted  cells; r a the r  unre la ted  viruses,  such as Polio, 
Vaccin ia  and  Herpes  s implex viruses,  are inh ib i t ed ;  
i nh ib i t o ry  act ion is no t  due to f r audu len t  r ep l acemen t  of 
nucleic acid precursors .  Research  now in progress  indica tes  
t h a t  the  an t iv i ra l  ac t ion of 2-amino-4,6-dichloropyr imi-  
d ine  is shared  by  o ther  b ich lor ina ted  pyr imidines .  Pre-  
l imina ry  d a t a  f rom th is  research are referred to below. 
Material and methods. Compounds  s tud ied  are l is ted in 
tables ,  for  brevi ty .  Virus s t ra ins  (NIH,  Bethesda)  were :  
Polio 1 Brunenders ,  Coxsackie 131, Encepha lomyoca rd i t i s  
(EMC), Newcas t le  Disease (NDV), Vesicular  s toma t i t i s  
(VSV), Vaccinia and  Herpes  s implex 1 (HSV). Exper i -  
m e n t s  were carr ied ou t  on h u m a n  aneuploid  H E p  2 cells 
(American t y p e  cul ture  collection, Rockville) and on 
p r i m a r y  mouse  e m b r y o  cells, bo th  grown in Eag le ' s  
MEM (Hank ' s  base,  p H  7.3) supp l emen ted  wi th  7% 

calf serum. Eagle ' s  MEM (Earle 's  base) and  aminoacid  
free Eagle ' s  MEM (AFE) b o t h  b ro u g h t  up to  p H  7.3 and  
supp lemen ted  wi th  2% calf se rum were used in the  tests .  
M a x i m u m  non-cy to tox ic  doses (MNCTD) of the  drugs  
were de t e rmined  by  incuba t ing  16-h-old H E p  2 cell 
monolayers  (10 T cells/sample) a t  37~ in Eagle ' s  MEM 
2% serum in the  presence  of scalar  d rug  dilut ions.  Af ter  
48 h, gross cell damages  were checked under  l ight  micro-  
scope and  cell v i t a l i ty  was  de t e rmined  by  measur ing  
in t racel lu lar  incorpora t ion  of neu t ra l  red  4. Drug abi l i ty  
t o  in terfere  w i th  cell g rowth  was es tabl ished by  adding  
c01chicine (Simes, 0.1 tzg/ml) to t he  cul tures  3 h af ter  
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