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HBsAg-binding to hydrophobic gels 
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Ligands coupled to Sepharose 4 B ~mol Ligand per ml adsorbent HBsAg titre of supernatant in 

ID Ausria II | 

Hexylamine 2.8 1 : 32 
Octylamine 10.5 Absent 1 : 1024 
Deeylamine 10.8 Absent 1 : 512 
Dodecylamine 8.0 Absent 1 : 128 
0ctadecylamine 2.7 Absent 1 : 32 
5-Amino-nonan 2.8 1 : 32 
Glycyl-norleucine 8.2" 1 : 32 
Cykloheptylamine 5.3 1 : 32 
Hexamethylenediamine 12.8 1 : 32 
Hexamethylenediamine-benzoic acid 15.8 1 : 32 
Hexamethylenediamine-heptanoic acid 8.6 1:16 
Ethylenediamine _ b 1 : 32 
Ethylenediamine-succinie acid 2.5 1 : 32 
Ethylenediamine-oetylsuccinic acid 8.9 Absent 1 : 128 

Determined by amino acid analysis. ~Trinitrobenzenesulphonie acid reaction showed that the coupling functioflcd. 

phob ic  l igand,  we s o m e t i m e s  used organic  so lven ts  l ike 
e thanol ,  d ioxane ,  d i m e t h y l f o r m a m i d e  or so lven t s  mixed  
w i t h  va r ious  a m o u n t s  of w a t e r  i n s t ead  of buf fe red  aqueous  
solut ions .  The  a m o u n t s  of l igand coupled  was d e t e r m i n e d  
b y  N M R  af te r  hydro lys i s  of t h e  gel a d s o r b e n t  in  con-  
c e n t r a t e d  formic  acid or 6 M hydroch lo r i c  acid. 

The  a d s o r p t i o n  e x p e r i m e n t s  were p e r f o r m e d  b y  a d d i n g  
2 ml  of gel a d s o r b e n t  to  a t e s t  t u b e  c o n t a i n i n g  2 ml  of 
p l a s m a  h a v i n g  a HB~Ag t i t e r  of 1 : 64 in doub le  i m m u n o -  
di f fus ion tes t s  (ID). The  t u b e  was gen t ly  s h a k e n  for 15 ra in  
a t  r oom t e m p e r a t u r e .  T he  gel was  t h e n  r e m o v e d  b y  cen- 
t r i f uga t i on  and  t he  s u p e r n a t a n t  was t e s t ed  for t he  pres-  
ence of HBsAg.  The  d e t e r m i n a t i o n  of IIB~Ag was per-  
fo rmed  b y  ID  in agarose  p la tes  c o n t a i n i n g  2% d e x t r a n e  
to increase  t he  s e n s i t i v i t y L  A r a b b i t  H B s A g - a n t i s e r u m  
was used as p r e c i p i t a t i n g  agent .  I n  some expe r imen t s ,  a 
sens i t ive  r a d i o i m m u n o  assay  m e t h o d  (Ausria  I I  | was 
used. 

A n u m b e r  of d i f fe ren t  gel a d s o r b e n t s  were tes ted ,  a n d  
t h e  resu l t s  are  shown in t he  Table .  I t  is on ly  t i le a d s o r b e n t s  
t h a t  c o n t a i n  a s t r a i g h t  h y d r o c a r b o n  cha in  w i t h  more  t h a n  
seven  c a r b o n  a t o m s  t h a t  do b i n d  HBsAg.  T he  o the r  gel 
a d s o r b e n t s  do n o t  show a n y  a f f in i ty  for HBsAg,  w i t h  
t he  possible  excep t ion  of h e p t a n o i c  a c i d - h e x a m e t h y l e n e -  
d i amine -Sepha rose .  T he  b i n d i n g  was v e r y  s t rong.  The  
adso rbed  m a t e r i a l  could  n o t  be  e lu ted  b y  c h a n g i n g  p H  or 
ionic s t r e n g t h  of t he  Mut ing  buffer .  E l u t i o n  w i t h  6 M 
u rea  or  70 m M  c a p r y l a t e  was  n o t  effective.  As can  be  

seen f rom the  resu l t s  in  r a d i o i m m u n o  assay,  t he re  ap-  
pears  to  be  a cor re la t ion  b e t w e e n  ti le size of t he  s t r a i g h t  
h y d r o c a r b o n  cha in  and  t he  ef fec t iveness  of t he  adso rp t ion  
of HBsAg.  The  longer  t h e  h y d r o c a r b o n  chain,  t he  more  
effect ive  t he  b ind ing .  The  a m o u n t  of coupled  l igand  seems 
to be  of m i n o r  i m p o r t a n c e  c o m p a r e d  to  t he  l eng th  of t h e  
h y d r o c a r b o n  chain.  I t  is e s t ab l i shed  t h a t  a l b u m i n s  do 
b i n d  to these  types  of gel adsorben t s ,  bu t ,  despi te  th i s  
fact ,  HBsAg  b inds  to  a v e r y  large e x t e n t  to  these  gel 
a d s o r b e n t s  in the  prescence  of large a m o u n t s  of a lbumin .  
Th i s  ind ica tes  t h a t  t he  c o m p e t i t i o n  of a l b u m i n  for t he  
a f f in i ty  of HBsAg  is of m i n o r  impor t ance .  

The  s t rong  b i n d i n g  of HBsAg  to these  gels suggests  t h a t  
t h e y  can  be  used for  t he  r e m o v a l  of h e p a t i t i s  v i rus  f rom 
b lood  and  b lood  p roduc t s .  I t  is fa i r ly  p r o b a b l e  t h a t  t h e  
i n t a c t  v i rus  shows a s imi la r  b e h a v i o u r  to  t h a t  of i ts  coa t  
c o m p o n e n t ,  b u t  is c a n n o t  be  ru led  ou t  t h a t  t he re  m a y  be a 
difference.  A d s o r p t i o n  s tudies  on  t he  i n t a c t  v i rus  will 
answer  t h a t  ques t ion .  A n o t h e r  possible  use of these  
a d s o r b e n t s  is in  connec t ion  w i t h  HBsAg  expe r imen t s .  
Fo r  example ,  t h e  a m o u n t  of b o u n d  HB~Ag can  be  mea-  
sured  b y  i n c u b a t i n g  t he  gel w i t h  label led  HBsAg-an t i -  
bodies  fol lowed b y  su i t ab le  de tec t ion .  The  c o n c e n t r a t i n g  
effect  of t he  gel a d s o r b e n t  would  m a k e  such  a t e s t  ex t r eme-  
ly sensi t ive.  

7 R. BERG, O. RINGERTZ and A. ESPMARR, Acta path. microbiol. 
seand, sect B. 79, 423 (1971). 

4-Isothiocyanato-4'-Nitrodiphenylamine (C 9333-Go/CGP 4540), an Anthelminthic with an Unusual  
Spectrum of Activity Against  Intestinal Nematodes ,  Filariae and Schis tosomes  

H. P. STRIEBEL 

Research Department, Pharmaceuticals Division, Ciba-Geigy Ltd., CH-4002 Basel (Switzerland), 19 January 1976. 

Summary. 4 - i s o t h i o c y a n a t o - 4 ' - n i t r o d i p h e n y l a m i n e  was  f o u n d  to possess a c t i v i t y  aga ins t  i n t e s t i n a l  n e m a t o d e s  in mice, 
aga in s t  sch i s tosomes  in va r ious  hos t s  inc lud ing  p r i m a t e s  and  aga ins t  two f i lar ial  species in  t h e  mongo l i an  jird.  U p o n  
a d m i n i s t r a t i o n  in a single ora l  dose i t  is equa l ly  e f fec t ive  aga in s t  S. haematobium, S. mansoni and  S. japonicum. 

Most  of t i le  k n o w n  a n t h e l m i n t h i c s  are ac t ive  e i the r  a n d  t r ema todes .  A ' b r o a d - s p e c t r u m '  a n t h e l m i n t h i c  
aga ins t  ga s t ro - in t e s t i na l  h e l m i n t h s  or aga i n s t  sys t emic  wou ld  be  of i m m e n s e  va lue  in coun t r i e s  st i l l  in t he  t h roes  
h e l m i n t h s .  I n  our  i nves t i ga t i ons  w i t h  i s o t h i ocyana to  of economic  deve lopmen t ,  where  i n t e s t i n a l  he lmin th ias i s ,  
compounds ,  we found  subs t ances  d i sp lay ing  a c t i v i t y  sch is tosomias is  a n d  fi lariasis are n o t  on ly  h igh ly  endemic  
aga in s t  b o t h i n t e s t i n a l n e m a t o d e s a n d s y s t e m i c n e m a t o d e s  b u t  o f ten  f o u n d  s i m u l t a n e o u s l y  in one a n d  t he  same 
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pa t i en t ,  and  the re fore  c o n s t i t u t e  m a j o r  p u b l i c - h e a l t h  
p rob lems .  The  economic  loss caused  b y  these  h e l m i n t h i c  
in fes ta t ions  is dif f icul t  to  es t imate ,  b u t  is c e r t a in ly  
cons iderab le  since these  diseases are m o s t l y  i ncapac i t a t -  
ing t h o u g h  no t  genera l ly  le that .  New a n d  b e t t e r  an t i sch i -  
s tosomal  and  an t i f i l a r i a l  drugs  are u r g e n t l y  needed,  and  
would  do m u c h  to i m pr ove  publ ic  h e a l t h  and  hence  
c o n t r i b u t e  to  t he  b e t t e r m e n t  of economic  cond i t ions  in 
these  countr ies .  

F r o m  a g rea t  n u m b e r  of i s o t h i ocyana t o  c o m p o u n d s  ~ 
t es ted ,  we h a v e  selected 4 - i so th iocyana to -4 ' -n i t rod i -  
p h e n y l a m i n e  (C 9333-Go/CGP 4540) for de ta i l ed  s tudies  
of i ts  a n t h e l m i n t h i c  qual i t ies  on t h e  basis  of i ts  h igh  
t h e r a p e u t i c  i ndex  in e x p e r i m e n t a l  sch is tosomias is  a n d  
filariasis.  

o / K \  

C 9333-Go/CGP 4540 is a yel low crys ta l l ine  s u b s t a n c e  
wh ich  is insoluble  in  w a t e r  and  m o s t  organic  so lvents  and  
has  a m e l t i n g  p o i n t  of 198-199 ~ w h e n  reerys ta l l ized  f rom 
acetone.  I t s  a n t h e l m i n t h i c  eff icacy largely  depends  on t he  
par t ic le  size a n d  on  t he  dosage formK 

The  f i rs t  i nves t iga t ions  of t h e  a n t h e l m i n t h i c  p roper t i e s  
of C 9333-Go/CGP 4540 were car r ied  ou t  w i t h  N i p p o -  
strongylus mut t s ,  Nematospiroides  dubius and Schistosoma 
mansoni  in  mice. The  m a t e r i a l  t h e n  used was re la t ive ly  
coarse, h a v i n g  a m e d i a n  par t ic le  size of 30 50 [xm. A t  t he  
end  of t he  p r e p a t e n t  pe r iod  of t he  var ious  h e l m i n t h  
species, t he  e x p e r i m e n t a l l y  infes ted  mice were g iven  the  
c o m p o u n d  ora l ly  or s u b c u t a n e o u s l y  once or once da i ly  for 
3 days.  The  cu ra t i ve  doses for t he  i nd iv idua l  h e l m i n t h  
species were  found  to  be:  

Nippostrongylus muris, 1000 mg/kg • 1 p.o.; 600 mg/kg • 3 p.o. 
1000 mg/kg • 1 s.c., no activity. 

Nematospiroides dubius, 300 mg/kg • 1 p.o.; 100 mg/kg • 3 p.o.; 
1000 mg/kg • 1 s.c., no activity. 

Schistosoma mansoni, 300 mg/kg • 1 p.o.; 50 mg/kg • 1 s.c. 

Consider ing  t h e  l imi ted  p red ic t ive  va lue  of t he  mouse  
model  for  sch is tosomias is  *, a a n d  t he  r ecen t  f ind ing  t h a t  
an t i s ch i s to soma l  d rugs  effect ive aga ins t  S. mansoni  are 
no t  necessar i ly  ac t ive  aga ins t  S. haematobium 5,6, we 
e x t e n d e d  our  c h e m o t h e r a p e u t i c  e x p e r i m e n t s  to  var ious  
hos t -pa ra s i t e  sys tems,  inc lud ing  t he  3 p r inc ipa l  species of 
seh is tosome p a t h o g e n i c  for man .  These  s tud ies  were 
car r ied  ou t  w i t h  mic ron ized  C 9333-Go/CGP 4540 (med ian  
par t ic le  size: 4.23 ~xm; specific surface:  1.94 m~/g). Fo r  
p a r e n t e r a l  a d m i n i s t r a t i o n  t he  c o m p o u n d  was dissolved 
in p o l y e t h y l e n e  glycol 400 or d i m e t h y l a c e t a m i d e .  The  
resu l t s  obse rved  a f t e r  t r e a t m e n t  w i t h  single doses in 
e x p e r i m e n t a l  schis tosomias is  are l is ted in Tab le  I. 

I t  is n o t e w o r t h y  t h a t  C 9333-Go/CGP 4540 is a l m o s t  
equa l ly  ac t ive  aga ins t  S. mansoni ,  S. haematobium a n d  
S. japonicum.  The  dose-response  cu rve  is r e m a r k a b l y  
steep, (e.g. 3 m g / k g  i.v. e l i m i n a t e d  10%, 4 m g / k g  i.v. 
99.7 and  5 m g / k g  i.v. 100% of S. ~aponicum in beagle  dogs 
w i t h  a n  ave rage  pa ra s i t e  load of > 2,000). 

The  an t i f i l a r ia l  eff icacy was t e s t ed  in t he  mongo l i an  
j i rd  (Meriones unguiculatus)  in fes ted  w i t h  Litosomoides 
carini i  or Dipetalonema witei. Oral  t r e a t m e n t  led to  
r educ t ions  in t he  pa ra s i t e  load c o m p a r e d  w i t h  those  found  
in u n t r e a t e d  cont ro l s  shown  in Tab le  I I .  

Table II. 

Totaldose Daily dose Duration of % Reduction of 
(mg/kg) (mg/kg) treatment Mierofilariae Maerofilariae 

(days) 

Litosomoides carinii 
200 100 2 93 100 
250 50 5 80 16 
300 300 1 50 54 
500 100 5 99 100 
600 300 2 100 100 

1000 1000 1 96 100 
1000 200 5 100 100 

Dipetalonema witei 
200 100  2 97 50 
500 500 1 98 60 
600 300 2 100 37 

1200 600 2 100 " 100 

C 9333-Go/CGP 4540 was well  t o l e r a t ed  in acu te  
t ox i c i t y  tes ts .  No fa ta l i t ies  due to  i n t o x i c a t i o n  were 
recorded  even  a f t e r  t r e a t m e n t  w i t h  t h e  c o m p o u n d  in 
mic ron ized  fo rm (1.94 m2/g) in  t he  m a x i m u m  quan t i f i e s  
a d m i n i s t r a b l e  orally,  so t h a t  t he  m e d i a n  l e tha l  dose (LDs0) 
could n o t  be  de t e rmined .  The  oral  LDs0 is c e r t a i n l y  h ighe r  
t h a n  5,000 m g / k g  in ra ts ,  mice, dogs, ca t s  and  rhesus  
monkeys .  

F u r t h e r  e x p e r i m e n t a l  d a t a  on  t he  a c t i v i t y  of C 9333- 
G o / C G P  4540 aga ins t  h u m a n  h o o k w o r m  in h a m s t e r s  7 
a n d  aga in s t  sch is tosomes  of va r ious  geograph ica l  origins,  
in  mice 2, as well  as t he  resu l t s  of m u t a g e n i c i t y  s tudies  in 
b a c t e r i a  2, will be  pub l i shed  elsewhere.  

Table I. 

Host Parasite Mode of Curative dose 
administration (mg/kg) 

Mouse S. mansoni p.o. 120 
Mouse S. mansoni s.c. 50 
Hamster S. mansoni p.o. 60 
Hamster S. mansoni i.m. 50 
Vervet monkey S. mansoni p.o. 50 
Hamster S. japonicum i.E. 90 
Dog S. japonicum p.o. 40 
Dog S. japonicurn i.v. 5 
Hamster S. haematobium p.o. 40 
Bird S. haematobium p.o. 30 

i These were prepared in the Research Department of Ciba-Geigy 
Agrochemieals Division, Basle, and in the Chemical Laboratories 
of Ciba-Geigy Research Centre, Goregaon. C 9333-Go/CGP 4540 
was synthesized in the former laboratories by Dr. P. BR~tC~EISEY. 
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