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Table I. The feeding responses of 20 3rd instar Heteronychus arator 
larvae and adults to carbohydrates tested at a concentration of 0.1 M 

Test chemical Total faecal pellets produced 

Larvae Adults 

Pentoses 
Arabinose 168 47 
Rhamnose 140 28 
Xylose 206 32 

Hexoses 
Fructose 474 464 
Glucose 423 527 
Galaetose 287 19 
Mannose 236 23 
Sorbose 246 31 

Disaccharides 
Maltose 894 588 
Sucrose 570 362 
Trehalose 302 35 
Cellobiose 193 42 
Melibiose 161 -- 

Tri- and polysaccharides 
Melezitose 253 40 
Raffinose 128 68 
Starch (0.1%) 217 20 
Starch (1.0%) 484 127 

Polyhydrie alcohol 
Duleitol 109 56 

Blank 152 7 

A t  o the r  concen t ra t ions  mal tose  was less act ive  : groups  of 
20 larvae offered discs con ta in ing  the  sugar  a t  0.001 M,  
0.01 M, 0.1 M and  1.0 M concen t ra t ions  p roduced  186, 
492, 743 and  139 faecal pel lets  respect ively .  Adu l t  beet les  
failed to  respond  to  t he  m a j o r i t y  of t he  t e s t  sugars.  Only  
sucrose, f ructose,  glucose and  mal tose  induced  sus ta ined  
feeding, b u t  again mal tose  p rovoked  the  s t ronges t  re- 
sponse.  

An earlier  s t u d y  4 on the  feeding behav iour  of larvae 
of an o t h e r  scarab,  Costelytra zealandica, showed t h a t  t he  
response  to  t he  m o s t  ac t ive  sugar,  sucrose, was g rea t ly  
enhanced  b y  the  add i t ion  of 0.01 M ascorbic acid, a l t hough  
on i ts  own the  acid h a d  l i t t le  effect  on ingest ion.  Black 
beet le  larvae,  too,  fed more  vigorously  on m e d i u m  in- 
corpora t ing  b o t h  these  nu t r i en t s  t h a n  on sucrose alone 
(Table II) .  Bu t  t he  add i t ion  of ascorbic acid to  t e s t  discs 
con ta in ing  mal tose  d iminished  r a the r  t h a n  enhanced  the  
insects '  response  to  t he  sugar.  

The response  of H. arator larvae  and  adul t s  to  mal tose  
is unusual .  The sugar  has  c o m m o n l y  been  men t ioned  as a 
p h a g o s t i m u l a n t  for p h y t o p h a g o u s  insects  b u t  in only  one 
earl ier  ins tance  has  i t  been  found  more  effect ive t h a n  
sucrose 5. We  have  no exp lana t ion  for t he  par t i cu la r ly  
s t rong response  of black beet le  larvae  and  adul t s  to  
mal tose .  S ta rch  can, however ,  be  considered as being 
composed  of a n u m b e r  of un i t s  of m a l t o s e  and  the  re- 
sponse to  i t  is therefore  cons i s ten t  w i th  t h a t  to maltose.  

We are glad to  r epo r t  t h a t  incorpora t ion  of mal tose  in to  
t he  s t an d a rd  art if icial  d ie t  r endered  i t  m u c h  more  accept -  
able to  H. arator and the  insects  now feed more  vigorously  
on i t  (PRITAM SINGH, personal  communica t ion) .  

Table II. The feeding response of 20 3rd instar Heteronychus arator 
larvae to 0.1 M sucrose, 0.1 M maltose and 0.01 M aseorbic acid and 
to combinations of these 

Test chemicals Total faecal pellets produced 

Sucrose 563 
Sucrose + ascorbie acid 652 
Maltose 901 
Maltose + ascorbic acid 587 
Ascorbie acid 285 
Blank 142 

O. R. W. SUTHERLAND and J. R. HILLIER, N.Z. J1 Zool. 1, 211 
(1974). 

5 S. R. LoscmAvo, Ann. Am. ent. Soc. 58, 576 (1965). 

Anthelmintic Activity of Albendazole Against Liver Flukes, Tapeworms,  Lung and Gastrointestinal 
Roundworms 
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Summary. A new der ivat ive ,  a lbendazole ,  of the  benzimidazole  group of an the lmin t i c s  which  is ac t ive  agains t  nematode ,  
ces tode and  t r e m a t o d e  species, was  found.  

This  art icle repor t s  t he  d iscovery  of a new an the lmin t i c  
w i th  ou t s t and ing  p o t e n c y  and  spec t rum of ac t iv i ty  aga ins t  
l iver flukes, t apeworms ,  and  b o t h  lung and  gas t ro in-  
t e s t ina l  r o u n d w o r m  infections.  Albendazole  is m e t h y l  
CS-(propyl th io) - lH-benzimidazol -2-y l ]carbamate  and  has  
t he  chemical  formula  Cl~H15N30~S (Figure). 

Albendazole  is p repa red  f rom 4-n-propyl th io-o-phenyl -  
ened iamine  and  c a r b o x y m e t h y l c y a n a m i d e .  I t  is a s table ,  
whi te ,  odorless powder  me l t ing  a t  214-215~ wi th  de- 

composi t ion.  I t  is insoluble in wa te r  and  is only  s l ight ly  
soluble in m o s t  organic solvents .  

A single dose of 2.5-10 mg/kg  admin i s t e red  oral ly to  
sheep and  ca t t le  na tu ra l ly  or ar t i f icial ly infected e l iminat -  
ed 94-100% of Haemonchus, Ostertagia and  Trichostron- 
gylus ill t he  a b o m a s u m ;  and  Strongyloides, Nematodirus, 
Cooperia, Bunostomum, Triehostrongylus, Capillaria, 
Oesophagostomum and  Chabertia in t he  smal l  and  large 
intes t ines .  Trichuris was reduced  b y  85% a t  10 mg]kg. 
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In  con t ro l led  e x p e r i m e n t s  w i t h  sheep and  ca t t l e  
a r t i f ic ia l ly  infec ted  w i t h  l a rvae  of lung  n e m a t o d e s  of t he  
genus  Dictyocaulus, a single oral  dose of 5 m g / k g  e l im ina t -  
ed 84 -100% of t he  worms.  In  sheep  n a t u r a l l y  in fec ted  
w i t h  t a p e w o r m s  of t he  genus  ]V[oniezia, a single oral  dose 
a t  10 m g / k g  reduced  t he  w o r m  b u r d e n  b y  100%. 

Albendazo le  was a d m i n i s t e r e d  ora l ly  a t  10 m g / k g  to 
sheep ar t i f ic ia l ly  in fec ted  w i t h  me tace rca r i ae  of Fasciola 
hepatica a f t e r  t he  in fec t ion  was d e t e r m i n e d  to  be  p a t e n t .  
The  a c t i v i t y  was excel lent ,  w i t h  99% of t he  f lukes be ing  
e l imina ted .  

P r e l i m i n a r y  e x p e r i m e n t s  also ind ica te  t h a t  c o m p a r a b l e  
low doses are effect ive  aga ins t  Ascaris, Oesophagostomum 
and  Trichuris in  pigs;  smal l  and  large s t rongy l id  worms,  
Oxyuris, Parascaris a nd  Probstmayria in horses ;  Ascari- 
din and  Heterakis in chickens.  

Mice were in fec ted  ora l ly  w i t h  50,000 e m b r y o n a t e d  ova  
of Ascaris suum pe r  d a y  for 2 days.  Albendazo le  fed 
p r o p h y l a t i c a l l y  for 11 days  a t  0 .05% of the  d ie t  p r o t e c t e d  
the  mice aga ins t  t he  l e tha l  effects of t he  m i g r a t i n g  larvae.  

In  a p r e l i m i n a r y  e x p e r i m e n t  in  dogs, a single oral  dose 
of 250 m g / k g  was e x t r e m e l y  ac t ive  aga ins t  Toxocara cauls 

b u t  was on ly  s l ight ly  ac t ive  aga ins t  A ncylostoma caninum. 
However ,  a d m i n i s t r a t i o n  a t  50 m g / k g  for 3 days  was ful ly 
effect ive  aga ins t  these  worms.  

The  oral  LDs0 in r a t s  of a lbendazo le  was d e t e r m i n e d  to 
be  2.40 g/kg w i t h  95% conf idence  l imi ts  of 1.55 to  3.25 
g/kg. No u n t o w a r d  effects were obse rved  in sheep  dosed 
ora l ly  w i t h  up  to 100 mg/kg.  However ,  a single dose of 
500 m g / k g  was n o t  to le ra ted .  F u r t h e r  s tudies ,  de l inea t ing  
the  tox ic  and  t e ra togen ic  p o t e n t i a l  of t he  c o m p o u n d  are 
underway .  

This  is t he  f i r s t  r epo r t ed  a n t h e l m i n t i c  wh ich  promises  
to  h a v e  useful  a c t i v i t y  aga ins t  all t h e  types  of h e l m i n t h  
pa ras i t e s  m e n a c i n g  our  domes t i c  an imals .  E x t e n s i v e  
inves t iga t ions  are now u n d e r  way  a r o u n d  t he  world  to 
ful ly eva lua t e  i ts  sa fe ty  and  field efficacy. 

CH3CH~CH2 S-~'~I/N ~ J  
" % ~ \  1 , ; /  

H 

Methyl [5-(propylthio)-lH-benzimidazoI-2-yI]earbamate. 

Chromat in  Subunits  Visual ized in C o m m o n  Ultrathin Sect ions  of Helianthus Nuclei  
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Summary. Nuclei  of e t io la ted  h y p o c o t y l  cells of the  sunf lower  (Helianthus annuus L.) d i sp lay  c h r o m a t i n  subun i t s  of 
110 A d i a m e t e r  in  u n t r e a t e d  u l t r a t h i n  sect ions,  because  of s p o n t a n e o u s  and  ex tens ive  c h r o m a t i n  decondensa t ion .  

E u k a r y o t i c  c h r o m a t i n  is o rganized  in t h e  fo rm of a 
r e p e a t i n g  s u b u n i t  s t r u c t u r e :  H i s t o n e  oc t amer s  ~-4 are 
assoc ia ted  w i t h  some 200 base  pa i rs  of D N A  fo rming  t he  
socalled v-bodies 5 or nuc leosomes% t he  single s u b u n i t s  
are connec t ed  b y  D N A  segmen t s  free of h is tones .  Thus ,  
t he  a p p e a r a n c e  of beads  on  a s t r i ng  arizes, w h e n  c h r o m a t -  
in is p r e p a r e d  in a p p r o p r i a t e  m a n n e r  ~-~. A l t h o u g h  nu-  
cleosomes h a v e  been  d e m o n s t r a t e d  b y  va r ious  b iophys i -  
cal, b iochemica l  a n d  e lec t ron  microscopic  t echn iques  to 
occur  in  all  euka ryo t i c  organisms,  such  as fungi,  p l a n t s  
and  animals~-~% t h e y  were no t  ye t  shown  in u l t r a t h i n  
sect ions  p r epa red  for  c o m m o n  t r a n s m i s s i o n  e lec t ron  
microscopy.  

Material and methods. Seeds of Helianthus annuus L. 
var .  Rus s i an  M a m m o t h  were g e r m i n a t e d  in t h e  dark .  
P a r e n c h y m a  cells of t he  h y p o e o t y l  co r t ex  were f ixed in  
g l u t a r a l d e h y d e  (1%, p H  7,3) for 2 h, pos t - f ixed  w i t h  os- 
m i u m  t e t r o x i d e  (1%) for  1 h, a n d  b lock- s t a ined  w i t h  
n r a n y l - a c e t a t e  d u r i n g  d e h y d r a t i o n  lL E m b e d d i n g  was 
m a d e  accord ing  to SPURR ~s. U l t r a t h i n  sect ions  were 
m a d e  w i t h  a Re i che r t  O m U  3 u l t r a m i c r o t o m e  a n d  micro-  
g r aphed  w i t h  a Zeiss E M  10 e lec t ron  microscope a t  60 kV. 

Results. The nuclei  of e t io l a t ed  h y p o c o t y l  cells of t he  
sunf lower  are  cha rac t e r i zed  b y  a n  ex tens ive  c h r o m a t i n  
decondensa t ion .  This  decondens a t i on  p r o b a b l y  subs t i t u -  
tes  s o m e w h a t  t he  p r e t r e a t m e n t  of c h r o m a t i n g  w i t h  10% 
formal in ,  t h a t  was  used to revea l  nucleosomes ,  e.g. in  
whole  m o u n t  m e t a p h a s e  ch r om os om es  12. As a resul t ,  a 
c lear  s u b u n i t  s t r u c t u r e  is v is ible  in  u l t r a t h i n  sec t ion  wi th -  
o u t  a n y  p r e t r e a t m e n t  (Figure).  T he  un r ave l l i ng  of t h e  
c h r o m a t i n  f ibres  is, however ,  n o t  suff ic ient  to  give rise to  

t he  a p p e a r a n c e  of beads  on a s t r ing,  i.e. to  revea l  t he  
h is tone- f ree  D N A  segmen t s  be tween  t he  nucleosomes.  
Some po r t ions  of t he  c h r o m a t i n ,  p r o b a b l y  c h r o m o m e r e s  
and  h e t e r o c h r o m a t i n ,  d i sp lay  a denser  p a c k a g i n g  of the  
s u b u n i t s  t h a n  does t he  gross of t he  nucleus.  The  d i a m e t e r  
of t he  single par t ic le  is, on  an  average,  110 A. 
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