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d o m i n a n t l y  c i rcular  out l ines,  have ,  all  a round ,  o t h e r  
f ibri ls  of 40-60 ~_ closely c rowded  t o g e t h e r  a m o n g  t h e m -  
selves so as to  give t h e  a p p e a r a n c e  of a s u r r o u n d i n g  wal l  
(Figure  6). 

O t h e r  o b s e r v a t i o n s  car r ied  ou t  on  t he  ceils of t he  W a l k e r  
t u m o u r ,  on  those  of t he  Yosh ida  t u m o u r  and  on those  of 
h u m a n  b r e a s t  adenoca rc inoma ,  h a v e  p e r m i t t e d  us to  
e s t ab l i sh  t h a t  t he  nucleolini ,  p r e sen t  also in g rea t  n u m -  
bers  ill t he  nucleoli ,  t he re  cor responds  to  'c lear  f ibr i l lar  
zones '  (Figure  7) w i t h  u l t r a s t r u c t u r a l  cha rac te r i s t i c s  
s imi la r  to  those  seen in t he  nucleol i  of t h e  oocytes.  

Like  the  nucleolini ,  t h e  c lear  zones are a b s e n t  (Figure 2) 
in  t h e  smal les t  nucleol i  and  the re fore  t h e y  are more  

n u m e r o u s  in r e l a t i on  to  t h e  d imens ions  of t h e  nucleoli .  
A n d  th i s  is t h e  case as m u c h  in t h e  oocytes  as in t h e  t u -  
m o u r  cells. I n  t h e  oocytes  of Patella coerulea t h e  same  
zones, like the  nucleolini ,  are  c o n s t a n t l y  a b s e n t  in t h e  so- 
called ' p r i m a r y  nucleolus '  a n d  p r e s en t  in  t h e  so-called 
' amphinuc leo l i ' .  Whi l e  t h e  f i rs t  a lways  r e m a i n  a t  a di-  
s t ance  f rom t h e  nuc lea r  m e m b r a n e ,  t h e  second come 
alongside  i t  a n  adhe r r e  closely to  it. I n  t h e  oocytes  Of 
Haliotis lamellosa t h e  c lear  f ibr i l lar  zones, l ike t h e  nucleo-  
lini, are on ly  found  in t h e  pe r iphe ra l  p a r t  (Figure  5) of t h e  
more  deve loped  nucleot i .  I n  fact ,  in  t h e  c e n t r a l  p a r t  one  
f inds  a v e r y  large vacuole  (Figure  5), which,  in t h e  elec- 
t r o n  mic rographs ,  appea r s  to  c o n t a i n  m a t e r i a l  s imi la r  to  
t h a t  of t h e  r e s t  of t h e  ka ryop la sm.  

Moreover ,  in  t h e  amph inuc l eo l i  of t h e  oocytes  of 
Patella coerulea, i t  is possible  to  f ind  r a t h e r  large vacuoles  
(Figure  4) w h i c h  h a v e  u l t r a - s t r u c t u r a l  cha rac te r i s t i c s  
s imi la r  to  those  of Haliotis lamellosa. 

W h a t  h a s  been  said will  he lp  to  e s t ab l i sh  t h a t  i t  is 
n o t  oppor tune ,  as some a u t h o r s  8, 9 h a v e  done,  to  i den t i fy  
t h e  clear  f ibr i l la r  zones w i t h  t h e  endonuc leo la r  vacuoles .  
I n  fact ,  a l r e ad y  u n d e r  t h e  p h o t o n  microscope,  i t  was  
possible  to  s ingie o u t  t h e  di f ferences  b e t w e e n  t h e  nucleo-  
l ini  a n d  t h e  vacuotesK N o w  t h e  e l ec t ron  microscope  h a s  
enab led  us to  conf i rm these  differences.  These  can  be  
assigned,  besides  to  t h e  u l t r a - s t r u c t u r a l  charac te r i s t i cs ,  
to  t h e  d imens ions ,  as well. These  d imens ions  r e m a i n  r a t h e r  
l imi ted  for t h e  clear  f ibr i l la r  zones, b u t  for t h e  vacuoles  
are a lways  qu i te  no tab le .  

Fig. 7. Nucleolus of a ceil of the Yoshida tumour adhering to the 
nuclear membrane (mn); various fibrillar zones are found (arrows). 
Technique is outlines in the text. • 16,000. 

8 H. SWIFT, The Molecular Control o/Cellular Activity (McGraw-Hill 
Book C. Inc., New York 1962), p. 00. 
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Summary. Severa l  of 17 c a r b o h y d r a t e s  s t i m u l a t e d  inges t ion  b y  b l a c k  bee t le  l a rvae  (Heteronychus arator) a n d  of these  
ma l to se  i nduced  a n  excep t iona l ly  s t rong  response.  Only  mal tose ,  glucose, f ruc tose  an d  sucrose s t i m u l a t e d  feeding b y  
a d u l t  beet les .  

I nves t i ga t i ons  in to  chemica l  fac tors  pos i t ive ly  in-  
f luencing inges t ion  b y  p h y t o p h a g o u s  insec ts  h a v e  usua l ly  
revea led  a m a j o r  role for sugars.  Fruc tose ,  glucose, sucrose 
a n d  mal tose  h a v e  been  impl i ca t ed  in t he  feeding b e h a v i o u r  
of a n u m b e r  of species. Sucrose ha s  been  p a r t i c u l a r l y  
f r e q u e n t l y  c i ted as a s t rong  p h a g o s t i m u l a n t ,  in  compar i -  
son b o t h  w i t h  o t h e r  sugars  a n d  w i t h  o t h e r  p l a n t  con-  
s t i t u e n t s  general ly .  I l l  t h e  case of those  sca rab  l a rvae  
whose  feeding b e h a v i o u r  ha s  been  s tud ied  1,2, sucrose 
aga in  emerged  as t h e  m o s t  effect ive  c a r b o h y d r a t e ;  
mal tose ,  glucose a n d  f ruc tose  were s o m e w h a t  less so. 

As p a r t  of a p r o g r a m m e  to  i den t i fy  t h e  chemica l  bas is  
for  p l a n t  r es i s t ance  to  t he  b l a c k  beet le ,  Heteronychus 
arator, we inves t i ga t ed  t he  inf luence  of 17 c a r b o h y d r a t e s  
on  inges t ion  b y  l a rvae  a n d  adul ts .  Ef for t s  b y  col leagues 
to  r ea r  th i s  insec t  in  t he  l a b o r a t o r y  h a d  been  f r u s t a t e d  b y  
a fai lure  of l a rvae  a n d  adu l t s  to  feed v igorous ly  on a 
s t a n d a r d  ar t i f ic ia l  d i e t  s c o n t a i n i n g  sucrose a n d  glucose (at  
concen t r a t i ons  of 3% a n d  0.5% respect ive ly)  as t he  on ly  
sugars.  W e  h o p e d  to  resolve t h i s  p rob lem.  

Fie ld-col lec ted 3rd i n s t a r  l a rvae  a n d  young  a d u l t  
bee t les  were s t a r v e d  for  24 h,  t h e n  enclosed s e p a r a t e l y  
in 5.5 em pe t r i  dishes,  each  w i t h  a s ingle t e s t  disc of a n  
ar t i f ic ia l  m e d i u m  (4% agar ,  4 %  cellulose powder)  
p r e p a r e d  w i t h  e i the r  dis t i l led w a t e r  or so lu t ions  of single 
sugars  a t  c o n c e n t r a t i o n s  of 0.1 M.  I n g e s t i o n  was e s t i m a t e d  
b y  c o u n t i n g  t i le  faecal  pe l le ts  p roduced  b y  each  insec t  
in  24 h 1. 

Most  of t h e  c a r b o h y d r a t e s  induced  some feeding b y  3rd 
i n s t a r  l a rv ae ;  an d  sucrose, f ructose,  glucose a n d  1% s t a r c h  
can  be  cons idered  effect ive  feeding s t i m u l a n t s  (Table  I). 
B u t  t h e  response  to  0.1 M ma l to se  was excep t iona l .  I t  far  
exceeded t h a t  to  t h e  o t h e r  sugars  a n d  es t ab l i shed  t h a t  
ma l to se  is a m a j o r  s t i m u l a n t  for feeding b y  these  la rvae .  

10 .  R. W. SUTHERLAND, N.Z. Jl Sci. Technol. J4, 18 {1971). 
2 R. J. WE~SLER and A. E. DUDZlNSXI, Entomologia exp. appl. 15, 

155 (1972). 
8 p. SINGH, New Zealand Patent applied for No. 174449. Date filed 

4 June 1974. 



702 Specialia EXPERIIgNTIA 32]6 

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). 
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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. 


