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Effect of albendazole therapy in cats infected with Paragonimus kellicotti 
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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). 

Dichloropyrimidines:  Specific inhibitors of virus growth 1 
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Institute o/ Microbiology I I ,  University o/Cagliari, Via G. T. Porcell 12, Cagliari (Italy), 17 December 1976 

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  

1 This work has been supported by a grant of Consiglio Nazionale 
delle Rieerche, Rome (Italy). 

2 M.A. Marcialis, M. L. Schivo, P. Uccheddu, A. Garzia and B. 
Loddo, Experientia 29, 1442 (1973). 

3 M.A. Marcialis, M. L. Schivo, A. Atzeni, A. Garzia and B. Loddo, 
Experientia 29, 1559 (1973). 

4 M.A. Marcialis, O. Flore, A. Firinu, P. La Colla, A. Garzia and 
B, Loddo, Experientia 30, 1272 (1974), 
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Table 1, Effect of chlorinated derivatives of cyclic and heterocyclic 
compound on the growth of Polio 1 and Vaccinia viruses 

Compounds in Eagle's MEN ~g/ml* Inhibitory 
effect on 
Polio 1 Vac- 

cinia 

2-Chloro-4,6-dimethylpyrimidine (A) 
2-Amino-4-hydroxy-6-chloropyrimidine (A) 
2-Amino-4-ethanol-6-chloropyrimidine (A) 
2,4-Dimethoxy-6-chloropyrimidine (A) 
2,4- Dichloropyrimidine (A) 
2,4- Dichloro-6-methylpyrimidine (A) 
4,6-Dichloropyrimidine (A) 
2-Amino-4,6-dichloropyrimidine (A) 
2,4,6-Trichloropyrimidine (B) 
2,4,5,6-Tetraehloropyrimidine (B) 
2,6-Dichloropurine (C) 
2,6-Dichloro-7-methylpurine (C) 
2,6,8-Trichloropurine (C) 
2,6-Dichloropyridine (D) 
3,6-Dichloropyridazine (D) 
0-Chlorobenzoic acid (E) 
1-Chloro-2,4-dinitrobenzene (B) 
1-Chloro-3,4-dinitrobenzene (D) 
2,4-Dichlorobenzene (B) 
2,5- Dichlorohydroquinone (B) 
2,4,5-Trichlorobenzensulphonic acid (B) 
3,5-Dichlorosalicylic acid (B) 
3,5-Dichlorosalicylaldehyde (B) 
2;4-Dichloroaniline (D) 

1000 -** - 
1000 - 

66 - 
132 - - 

3 +** + 
12 + + 
12 + + 

100 + + 
0.66 - 
3.3 - 
2.2 - 
0.12 - 

20 - 
25 - 
30 - 

300 - 
4 - 

4 - 

500 - 
3 - 

100 - 

5 0  - 
25 - 
20 - 

*Corresponding to 213 of one MNCTD. ** -,  less than 50% inhibition; 
+ ,  more than 90% inhibition. A, given by Istituto Chemioterapico 
Italiano, Lodi; B, furnished by Eastman; C, by Sigma; D, by Fluka; 
E, by Fisher. 

d r u g  t r e a t m e n t  a n d  b y  c o u n t i n g ,  36 h la ter ,  C - m e t a p h a s e s  
t h u s  a c c u m u l a t e d .  One  M N C T D  w a s  cons ide red  t h e  
m a x i m u m  d r u g  c o n c e n t r a t i o n  u n a b l e  to  p r o d u c e  g ros s  
cell d a m a g e s  a n d  to  i n h i b i t  n e u t r a l  red  u p t a k e  a n d  m i t o t i c  
cycle b y  m o r e  t h a n  20%.  2/3 of  t h e  M N C T D  t h u s  e s t a b -  
l ished were  u s e d  in t e s t s  for  a n t i v i r a l  ac t ion .  Cell m o n o -  
l ayers  (10" ce l l s / sample )  were  in fec ted  a t  20~ for  1 h 
w i t h  10 in fec t ious  u n i t s  ( IU)  p e r  cell, w a s h e d  3 t i m e s  in 
H a n k ' s  b a s e  a n d  i n c u b a t e d  a t  37 ~ in E a g l e ' s  M E M  or  
in  A F E  in t h e  p r e sence  of  t h e  d r u g s  ; 24 h la ter ,  t h e  en t i r e  
c u l t u r e s  were  f rozen  a n d  t h a w e d  ( -70  ~ a n d  20 ~ 3 t i m e s  
a n d  f reed  of  cell deb r i s  a t  3 000 r p m  for  3 min .  I n f e c t i o u s  
u n i t s  p r o d u c e d  b y  Polio 1, Coxsack ie  B 1 a n d  V S V  were  
t i t r a t e d  in H E p  2 ceils b y  the  a g a r  m e t h o d  5, whi le  t h e  
end p o i n t  t i t r a t i o n  (6 s t a t i o n a r y  t u b e  c u l t u r e s  of  H E p  2 
ceils p e r  de c ima l  d i lu t ion)  w a s  u sed  for  EMC, N D V ,  H S V  
a n d  Vacc in i a  v i rus .  T h e  f i r s t  m e t h o d  w a s  f o u n d  to  h a v e  
a n  e r ro r  of less t h a n  10%,  t h e  s ec ond  of 33%.  More  de-  
ta i ls  of t e c h n i q u e  h a v e  b e e n  g iven  p r e v i o u s l y  2-4. 
Results.  P r e l i m i n a r i l y  d r u g s  were  sc reened  for  a n t i v i r a l  
ac t ion  on  Pol io  1 a n d  Vacc in i a  v i ruses .  D a t a  f r o m  t h e s e  
e x p e r i m e n t s ,  r e fe r red  to  in t ab l e  1, s h o w  t h a t ,  as  a l r e a d y  
o b s e r v e d  for  2 - a m i n o - 4 , 6 - d i c h l o r o p y r i m i d i n e  *-4, all  di-  
c h l o r o p y r i m i d i n e s  t e s t ed  i n h i b i t  t h e  g r o w t h  of  b o t h  
v i ruses  b y  m o r e  t h a n  90%.  O n  t h e  o t h e r  h a n d ,  no  o t h e r  
d r u g s  r educ e  t h e  yie ld  of e i t he r  v i r u s e s  b y  m o r e  t h a n  50%.  
T h e  la t t e r ,  p r a c t i c a l l y  i na c t i ve  d rugs ,  inc lude  m o n o c h l o -  
r i na t ed ,  t r i c h l o r i n a t e d ,  t e t r a c h l o r i n a t e d  p y r i m i d i n e s  as  
wel l  as  b i c h l o r i n a t e d  d e r i v a t i v e s  of pu r ines ,  p y r i d i n e ,  
p y r i d a z i n e ,  b e n z e n e  a n d  sal icyl ic  acid. 
D i c h l o r o p y r i m i d i n e s  s h a r e  a c o m m o n  a n t i v i r a l  s p e c t r u m .  
Bes ides  Pol io  1 a n d  Vace in ia ,  t h e s e  d r u g s  also i n h i b i t  
Coxsack ie  B 1, a n d  H S V ,  whi l e  t h e y  are  inef fec t ive  o n  
EMC, N D V ,  V S V ,  i r r e spec t i ve  of  t h e  t y p e  of cell s u b -  
s t r a t e  a d o p t e d  in  t h e  t e s t s  ( table  2). 

Table 2. Antiviral spectrum of dichloropyrimidines 

Pyrimidine in tzglml* Virus yield (in IU) in % of untreated controls 
Eagle's MEM Polio 1 Coxs. B1 Vaccinia HSV EMC VSV NDV 

H** H H M** H M H M H H 

2,4-Dichloro- 3 7.9 5.0 6.3 5.1 7.8 5.0 > 50 > 50 > 50 > 50 
4,6-Dichloro- 12 1.2 0.5 2.5 1.6 6.2 5.0 > 50 > 50 > 50 > 50 
6-Methyl-2,4-diehloro- 12 7.9 6.3 6.3 5.2 7.9 6.2 > 50 > 50 > 50 > 50 
2-Amino-4,6-dichloro- 100 0.5 0.3 1.5 1.2 5.1 3.9 > 50 > 50 > 50 > 50 

* Corresponding to 2/3 of 1 MNCTD; ** H, in HEp 2 cells; M, in mouse embryo cells. 

Table 3. Antagonism and potentiation produced by glutamine and eysteine and by 2-mereaptoethanol on antiviral effect of dichloropyrimidines 

Pyrimidine in the medium ~tg/ml Poliovirus yield (in IU) 
in AFE* in A F E +  

glutamine + 
cysteine 
(20 [xg/ml) 

Poliovirus yield (in IU) Vaccinia virus yield (in IU) 
in A F E +  in MEM** in MEM+ in MEM in MEM+ 
thymidine+ mereapto- mereaptoethanol 
uridine + ethanol (3 lxg]ml) 
eytidine (3 txg/ml) 
(20 txglml) 

- 6 . 6 x  107 8 x 107 
2, 4-Dichloro- 3 1.4 • 105 9.5 X 10 ~ 
4,6-Dichloro- 12 3.9 • 104 6.8 • 108 
6-Methyl-2,4-dichloro- 12 2.5 • 105 9.2 • 106 
2-Amino-4, 6-diehloro- 100 2.8 • 10 * 1.1 • 107 

5.4• ~ 8.5 x l07 7.6• 2.1x107 2.3x107 
1.8 X 105 7.1 x 10 e 6.0 x 10 s 8.2 X 105 3.3 X 105 
4.4 • 104 7.8 • 105 6.1 • 104 6.6 x 105 1.3 x 105 
1.9 x 106 3.5 X 10 e 4.9 • 105 9.2 x 105 2.5 x 105 
4.7 • 104 3.9 x 105 4.1 x 104 4.8 x 105 8.6 X 104 

* Amino acid free Eagle's MEM. ** Complete Eagle's MEM. 
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Table 4. Comparison of the antipolio effects of dichloropyrimidines 

Pyrimidine in MNCTD** ID 95*** ID 95[MNCTD 
AFE* medium ([zg/ml) (btg/ml) 

2,4-Dichloropyrimidines 5 2.1 0.42 
4,6-Dichloropyrimidine 20 4.6 0.23 
6-Methyl-2,4-dichloro- 
pyrimidine 20 9.2 0.46 
2-Amino-4,6-dichloro- 
pyrimidine 150 31.5 0.21 

*Amino acid free Eagle's MEN. **Maximum non-cytotoxic dose. 
*** Minimum dose producing 95% inhibition on virus growth. 

5 R. Dulbecco and M. Vogt, J. exp. Med. 99, 167 (1954). 

Moreover,  as a l r eady  observed  for 2-amino-4,6-dichloro- 
pyr imidine ,  t he  an t iv i ra l  effect  of the  d ichloropyr imi-  
dines  is an tagonized ,  in amino-ac id- f ree-medium,  by  glu- 
t ami n e  and  cysteine,  bu t  no t  by  pyr imid ine  precursors  
of nucleic acids. In  comple te  media,  conta in ing  g lu tamine  
and  cys te ine  (or cystine) in the  amino  acid supp lement ,  
the  ant iv i ra l  ef fect  is p o t e n t i a t e d  b y  2 -mercap toe thano l  
( table 3). 
The l imited n u m b e r  of c o m p o u n d s  t e s t ed  so far does 
n o t  p e rmi t  any  conclusion on s t ruc tu re  ac t iv i ty  relat ion-  
ship  inside the  d ich loropyr imid ine  group. As shown in 
tab le  4, it  can  only  be said, a t  p resen t ,  t h a t  the  4,6 po-  
s i t ions of Chlorine a toms  in t he  pyr imid ine  r ing are to  
be prefer red  to  t he  2,4 (2,6) pos i t ions  in t h a t  t he  former  
enhance  the  t he r apeu t i c  index  of the  molecule. 

B a c t e r i o p h a g e  T4  m u t a n t s  w h i c h  p r o p a g a t e  on  E. coIi  KI2 but  not  on E. co l i  B 

C. Georgopoulos,  M. Georgiou, G. Seizer and H. E i s e n l  

Ddpartement de Biologic Moldculaire, Universitd de Gen~ve, 30, quai Ernest-A nsermet, 
CH-7217 Gen~ve 4 (Switzerland), 14 February 1977 

Summary.We have  isolated and  charac te r ized  2 m u t a n t s  of col iphage T4 wh ich  are able to  p ropaga te  on E. coli K12 
b u t  no t  on E. coli 13. We  have  ass igned the  m u t a t i o n s  to genes 8 and 53, b o t h  s t ruc tu ra l  genes. The p roduc t s  of genes 
8 and  53 are found  in the  basepla te .  

In  an effor t  to u n d e r s t a n d  the  bac ter ia l  funct ions  which  
are necessary  for p roper  phage  deve lopment ,  we have  
isola ted  and  charac te r ized  m a n y  bac ter ia l  m u t a n t s  unable  
to  p ropaga te  bac te r iophage  ;L We  have  found 2 classes of 
such m u t a n t s  which  block ;t D N A  repl icat ion ~, 3, ano the r  
2 classes which  block ;t R N A  t r ansc r ip t ion  4, s and a f i f th  
class which  affects  the  morphogenes i s  of several  phages  
including 4, T4 and  T5 e. In  t he  p re sen t  repor t ,  we have  
e x t e n d e d  our  s tudies  of hos t -phage  in te rac t ions  and  show 
t h a t  one can isolate  T4 m u t a n t s  which  d iscr iminate  be-  
tween  2 na tu ra l ly  occurr ing host-s, E.  coli K12 and  
E. coli B. 
Materials and methods. The E. coli B E s u p -  (called B) and  
E. coli K12 W3101 s u p -  (called K12) were the  bacter ia l  
hosts .  I n  order  to isolate T4 m u t a n t s  which  p ropaga te  on 
K12 b u t  no t  on B, a n i t rosoguan id ine  mutagen ized  s tock 
of bac te r iophage  T4rI  was absorbed  to K12 cells and  the  
infected cells p la t ed  on a mixed  bacter ia l  lawn of K12 
and  B. We  an t i c ipa ted  t h a t  de r iva t ives  of T4rI  which  
grow on K12 b u t  no t  on B would  fo rm small,  t u rb id  
p laques  on th is  mixed  bac te r ia l  lawn as opposed to the  

Table 1 

Phage e.o.p.* on e.o.t.** on Phage yield*** on 
B K12 B K12, B K12 

large, clear p laques  made  b y  the  p a r e n t  s t rain.  P la t ing  
eff iciency of t r ans fe r  and phage  yield were as previous ly  
descr ibed 2. C o m p l e m e n t a t i o n  t e s t s  were done in liquid by  
infect ing the  n0n-permiss ive  B s u p -  bac ter ia  w i th  5 phage  
of each t y p e  per  bac te r ium,  and  al lowing the  cul ture to  
lyse a t  37~ 
Results and discussion. 2 T4rI  der ivat ives ,  called No. 4 
and  No. 20, were  isolated as being able to p ropaga te  on 
K12 bac te r i a  b u t  n o t  on B bacter ia .  The f requency  of 
occurrence af ter  n i t rosoguanid ine  mutagenes i s  was ap-  
p r o x i m a t e l y  5 • 10-*. Table  1 shows t h a t  the  g rowth  of 
t he  2 m u t a n t s  is s l ight ly  depressed  on the  K12 host ,  b u t  
is severely inh ib i t ed  on B (regardless of w h e t h e r  t h e y  are 
s u p -  or sup+). 
P re l imina ry  expe r imen t s  showed t h a t  b o t h  T4 No. 4 or 
T4 No. 20 in fec ted  bac te r ia  lysed a f te r  20 min  of growth  
a t  37 ~ ind ica t ing  t h a t  t he  ear ly  even t s  of infect ion as 
well as cell lysis funct ions  occur normal ly  during, the  
abor t ive  infect ion,  and  t h a t  the  failure to  yield phage  
resul ts  f rom a b lock a t  the  level of phage  morphogenesis .  
Subsequen t ly  we t e s t ed  b y  spo t  co mp l emen t a t i o n  on 
B s u p -  T4 No. 4 and  T4 No. 20 aga ins t  a m b e r  mu ta t i ons  
in all T4 late  genes. We found t h a t  T4 No. 4 comple-  
m e n t e d  phage  m u t a n t s  in all genes excep t  gene 8 and t h a t  
T4 No. 20 did no t  c o m p l e m e n t  phage  m u t a n t s  in gene 53 
(table 2). F r o m  recombina t ion  d a t a  ob ta ined  on the  K12 
sup+ host ,  i t  appea r s  t h a t  t he  T4 No. 4 m u t a t i o n  is ve ry  

T4rI 1.0 1.0 1.0 1.0 65 95 
T4rI No. 4 2.0• 10 -6 1.0 0.4 1.0 1.1 29 
T4rI No. 20 3.0x 10 .6 1.0 0.3 1.0 1.2 27 

*e.o.p., the efficiency of plating, denotes the number of plaques pro- 
duced by a phage strain on a given bacterial host relative to the 
number on K12; **e.o.t., the efficiency of transmission, denotes the 
probability that an infected bacterial host will produce at least one 
viable phage progeny; ***phage yield denotes the average number 
of viable phage progeny released per infectious center. 

1 Supported by grant No 3.519.75 from the Fonds National 
Suisse de la Recherche Seientifique. 

2 C.P. Georgopoulos and I. Herskowitz, in: The Bacteriophage 
Lambda, p. 553. Ed. A. D. Hershey. Cold Spring H~rbor Lab- 
oratory New York 1971. 

3 C.P. Georgopoulos, Molec. gen. Genet. in press 1977. 
4 C.P. Georgopoulos, Proc. nat. Acad. Sci. USA 68, 2977 (1971). 
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