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Fenbendazole: A New, Highly Effective Anthelmintic  

Dur ing  the  pas t  few years, several  reports  have  been 
publ ished on inves t iga t ions  wi th  var ious an the lmint ics  
which have  a good eff icacy agains t  gas t ro intes t inal  
nematodes  in domes t ic  animals.  I n  our  inves t igat ions  
wi th  benzimidazole  carbamates ,  we found substances 
which exhib i ted  ex t remely  h igh  to lerance  and ve ry  good 
efficacy agains t  var ious  nematodes  of l abora to ry  and 
domest ic  animals.  

Some t ime  ago we noted t h a t  the  addi t ion  of a phenoxy  
group to a chemotherapeu t icMly  ac t ive  molecule  can 
considerably  increase its eff icacy 1. The excel lent  act ion 
against  l iver  flukes of rafoxanide,  also a molecule  wi th  
an added phenoxy  group 2, was a fur ther  ind ica t ion  to us 
of the  usefulness of our working hypothesis .  The  molecule  
f rom which it  is der ived  belongs to a series of compounds,  
the  salicylanilides, which are of in teres t  because of 
thei r  anthel rnint ic  action. Mebendazole (methyl  5 
benzoylbenzimidazole-2-carbamate) ,  the  an the lmin t ic  
newly developed at  JANSSE~ a as an enlarged molecule of 
the  a l ready known, h igh ly  effect ive nematoda l  remedies  
2-benzimidazolyl-carbamic-acid  esters 4, appeared to f i t  
this  same pa t te rn .  Tha t  gave us cause to ex tend  our 
working  hypothesis  to this class of compounds.  We 
found highly  effect ive preparat ions ,  and were even 
surprised at  the  high degree of an the lmin t ic  ac t iv i ty  
exhib i ted  especial ly by  me thy l  5-(phenoxy)-2-benzimi-  
dazolecarbamate ,  and even more by me thy l  5-(phenyl- 
th io) -2-benzimidazole-carbamate  5. The  l a t t e r  compound  
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(CIsH~3NsO~S, tool. wt .  299.2) is an almost colourless 
powder,  mel t ing  at  233 ~ wi th  decomposi t ion;  i t  is freely 
soluble only in dimethylsulfoxide.  I t s  UV-spec t rum 
measured in me thano l  shows the m a x i m u m  adsorpt ion a t  
295 rim. 

The  first  inves t iga t ions  on the  efficacy of fenbendazole 
were carried out  wi th  Nippostrongylus mutts and Heterakis 
spumosa in rats, and also wi th  Nematospiroides dubius 
and Aspiculuris tetraptera in mice. At  the  end of the  
p repa ten t  period of the  different  nematode  species, the  
compound  was given once to 3 t imes  oral ly or sub- 
cutaneously  on consecut ive  days to the  exper imenta l ly  
infected l abora to ry  animals.  The cura t ive  dose for the  
ind iv idual  species is 

Nippostrongylus mutts 3 • 75 ing/kg 
Heterakis spumosa 1 • 25 mg/kg 
Aspicul,~tris tetraptera 3 • 10 mg/kg 

p.o.; 3• mg/kg s.c. 
p.o.; 1 • mg/kg s.c. 
p.o.; 3 • mg/kg s.c. 

Up  to a dose of 3 •  1000 mg/kg  given oral ly  or sub- 
cutaneously,  fenbendazole  is not  adequa te ly  effect ive 
against  Nematospiroides dubius. The deve lopmen t  of 
larval  stages in the  host  an imal  is in te r rupted  if dur ing 
the  p repa ten t  period the  fol lowing dosages are appl ied 
against  the  ind iv idual  nematode  species:  

Nippostrongylus muris (3 days p.i.) < 1 • 250 mg/kg p.o. 
Heterakis spumosc~ (2l days pi.) < 1 • 250 mg/kg p.o. 

The an the lmin t i c  act ion of fenbendazol  in domest ic  
animals  was inves t iga ted  by  the  'control led tes t '  and the  
results were conf i rmed in field trials.  Consequent ly  a 
single t r e a t m e n t  wi th  5 mg/kg,  g iven orally, to experirnen- 

ta l ly  or na tu ra l ly  infected sheep causes a reduct ion  in the 
worm burden of about  99-100% in respect  of Haemon-  
chus, Oster tagia  in the  abomasum,  of Cooperia, Tri- 
chostrongylus,  Nematodi rus ,  t3unostomum, Oesophago- 
s tomum,  and Chaber t ia  in the  small  and large intestine,  
respect ively.  A dose of 5-10 mg/kg  by  m o u t h  in experi-  
men ta l ly  or na tura l ly  infected cat t le  is 95-100% effect ive 
against  Haemonchns ,  Oster tagia  in the  abomasum,  
against  Trichostrongylus,  Cooperia in the  small  intestine,  
and against  Dictyocaulus viviparus in the  lung. An oral 
dose of 5 mg/kg  body weight  in exper imenta l ly  or na tur-  
al ly infected pigs results in a 100% el iminat ion  of 
Hyostrongylus rubidus (stomach) and also of the  intes t inal  
nematodes  Ascaris suis and Oesophagos tomum spec. A 
dose of 5 mg /kg  by  m o u t h  is also h ighly  effect ive in 
horses against  small  s t rongylids (Trichonema spec.), 
large s trongylids (Strongylus spec.), as well as against  
ascarides. According to the  results avai lable  so far, 
20 mg/kg  is required in dogs to br ing about  a 90-100% 
reduct ion  in the  worm burden in respect  of ancylostomes,  
ascarides and trichurids.  In  so far as it  has been possible to 
conduct  such invest igat ions,  the  burden of i m m a t u r e  
stages of ti le a fore-ment ioned worm species could also be 
largely reduced wi th  the  doses s tated.  

Fenbendazole  in the  acute  exper iment  is ex t r eme ly  
well to lerated.  I t  was not  possible in smaller  l abora to ry  
animals  to cause fa ta l i t ies  due to poisoning wi th  the  
m a x i m u m  quant i t ies  t ha t  could be adminis tered,  e i ther  
oral ly or parentera l ly ,  so tha t  the  mean  le thal  dose 
(LD~0) could not  be established. The LDso is cer ta in ly  
higher  t han  

10,000 mg/kg in rats orally 
1,250 mg/kg in rats intraperitoneally 
2,000 mg/kg in rats subcutaneously 

10,000 mg/kg iv mice orally. 

Domest ic  animals :  a single oral dose of 500 mg/kg  caused 
no clinical changes in the  dog. A dose of I •  mg /kg  
was to lera ted  by sheep also wi thou t  clinical symptoms.  

Studies  of the  oral subacute  tox ic i ty  were carried out  
in rats  by apply ing  doses up to a m a x i m u m  of 2,500 mg/kg  
body weight,  in each case on 30 consecut ive  days. 
E v e n  this  dose was to lera ted  wi thou t  any  toxic  reaction.  
Appl ica t ion  of 30 • 25, 30 • 80 or 30 • 250 mg/kg  to dogs 
caused no cl inical ly detectable  impa i rmen t  of hea l th ;  
nor  did 30 • 5, 15 and 45 mg/kg,  respect ively,  adminis ter -  
ed to sheep, br ing about  ei ther  cl inico-chemical  or bio- 
chemical  devia t ions  f rom the  physiological  norm. The 
pathologic-histological  f indings were no t  prohibi t ive .  

Tests  for any tera togenic  effect in rats  af ter  oral applica-  
t ion f rom the  7 th -16 th  day  of p regnancy  in dai ly  doses of 
up to 2,500 mg/kg  did no t  reveal  any damage  to t he  
in t rau te r ine  deve lopment  of the  fetuses. They  developed 
normally.  

P re l iminary  inves t igat ions  in the  ra t ,  dog, rabbi t  and 
sheep showed tha t  e l iminat ion is v i r tua l ly  comple te  
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w i t h i n  3-7 days.  The  m a x i m u m  c o n c e n t r a t i o n s  de tec ted  
14 days  a f te r  t r e a t m e n t  were 0.3 tzg/g in t he  l iver  (sheep). 
I n  t he  o the r  o rgans  and  t issues,  p a r t i c u l a r l y  in  t h e  
muscu la tu re ,  t he  c o n c e n t r a t i o n s  were cons ide rab ly  lower.  

P ub l i c a t i ons  g iv ing  f u r t h e r  de ta i l s  are in  p r epa ra t i o n .  

Zusammen/assung. F e n b e n d a z o l  w i rk t  bei  e iner  Dosis 
von  5 bis  10 m g / k g  p o. auf  alle b e d e u t e n d e n  Magen-,  D arm-  
N e m a t o d e n  inkl .  e iniger  O r g a n n e m a t o d e n  yon  Schwein,  
Schaf, R i n d  u n d  Pferd,  wobei  n i c h t  n u r  die Adu l t en ,  
sonde rn  s u c h  die c h e m o t h e r a p e u t i s c h  schwer  zu be- 
e inf lussenden  E n t w i e k l u n g s s t a d i e n  (0. ostertagi) p r a k t i s c h  

vol ls tXndig e l imin ie r t  werden.  Bei  e x t r e m  gute r  Vertr~ig- 
l i chke i t  (bis zu 1000fach t h e r a p e u t i s c h e r  Dosis) u n d  
f eh lende r  t e r a t o g e n e r  W i r k u n g  k o n n t e  h ier  ein v ie lver-  
sp rechendes  A n t h e l m i n t h i k u m  en twicke l t  werden.  
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Effects  of H igh  Grav i ty  on A m o e b a e  (Pelomyxa carolinensis). I. D i v i s i o n  Rates  

Amoebae  h a v e  t he  d i s t i nc t i on  of be ing  a life fo rm which  
has  unde rgone  cen t r i fuga l  e x p e r i m e n t a t i o n  more  of ten  
t h a n  mos t  o the r  cell t ypes  or o rgan i sms  1-~. I n  general ,  
t h e  e x p e r i m e n t a l  g r a v i t a t i o n a l  s tresses exper ienced  b y  
these  o rgan i sms  has  r a n g e d  f rom 27.5 •  to  6,000 • 
The  i m m e d i a t e  effect  of these  forces is t he  dens i ty -  
d e p e n d e n t  s t r a t i f i ca t ion  of cyto!51asmic inclus ions  of t h e  
a m o e b a e  in we l l -documen ted  zonal  p a t t e r n s  7-9. Fol lowing 
cen t r i fuga t ion ,  t he  amoebae  a p p e a r  to  recover  w i t h o u t  
any  a p p a r e n t  ill effects a n d  cy top lasmic  s t r e a m i n g  beg ins  
a lmos t  i m m e d i a t e l y ;  sho r t l y  the rea f te r ,  organel le  re- 
d i s t r i b u t i o n  beg ins  5,s,L Accord ing  to HOLTER 1~ micro-  
seopic appea rance ,  mot i l i ty ,  and  oxygen  c o n s u m p t i o n  
a p p e a r  n o r m a l  30 to 60 rain  a f te r  cen t r i fuga t ion .  However ,  
no long range  effect of g r a v i t a t i o n a l  s tress  on  t h i s  o rgan i sm 
has  b e e n  repor ted .  Therefore,  we r e p o r t  here  an  e x t e n d e d  
s t u d y  of t h e  d iv i s ion  ra t e s  of amoebae  sub jec ted  to  
g r a v i t a t i o n  s tresses  be low 27.5 •  for va r ious  exposure  
periods.  

S tock  cu l tures  of t he  amoebm, Pelomyxa carolinensis, 
were m a i n t a i n e d  in PACE and  McCASHLANI~ ~1 m e d i u m  
u n d e r  subdued  l igh t  a t  22~ and  fed Paramecia sp on 
a l t e r n a t e  days.  A special ly  des igned cen t r i fuge  suppl ied  
20, 10, 5, 3.5, and  2.0 •  for 1, 6 and  18 h. A 10% so lu t ion  

of g u m  a rab ic  was used as t h e  suspensory  m e d i u m  w i t h  
a m o e b a e  m e d i u m  as t h e  so lvent .  R a n d o m l y  selected 
o rgan i sms  an d  10 mI of m e d i u m  were p laced  in a 50 mI 
cent r i fuge  t u b e  p rev ious ly  half-f i l led w i t h  suspensory  
med ium.  Af ter  t ransfer ,  t h e  t u b e s  were gen t ly  r o t a t e d  in 
t h e  p a l m s  of t h e  h a n d  caus ing  t h e  a m o e b a e  to  become  
m o n o p o d a l  an d  es t ab l i sh ing  a suspensory  grad ien t .  The  
t ubes  were p lugged w i t h  gauze an d  sub jec t ed  to  stress.  
Cont ro l  o rgan i sms  were exposed to  t h e  suspensory  m e d i u m  
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Fig. 1. Representative photographs 
of amoebae subjected to gravita- 
tional stress. Specimens are Lav- 
dowsky fixed and Ehrlich's hema- 
toxylin stained. Whole mounted • 
600. A), B), C) and D) represent 
controls and amoebae centrifuged 
at 20, 3.5, 2.0 • g for 24 h respect- 
ively. Symbols: HSB, heavy 
spherical bodies; N, nuclei; FV, 
food vacuoles; CV, contractile 
vacuoles. 


