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N a f t a l e  K a tz  * * ,  J. P e l l e g r i n o  a n d  J. P e d r o  P e r e i r a

O o g r a r n  s t u ã i e s  h a v e  b e e n  c a r r i e á  o u t  o n  m ic e ,  h a m s t e r s ,  a n d  Cebus 

m o r ik e y s  e x p e r i m e n t a l l y  i n f e c t e d  w i t h  Sch istosom a m anson i a n d  t r e a t e d  w i t h  

t r i c h l o r p h o n e  ( 0 , 0 - ã i m e t h y l  l - h y á r o x y - 2 ,  2 , 2 - t r i c h l o r o e t h y l p h o s p h o n a t e ) . I n  

m i c e ,  d e s p i t e  a  s l i g h t  h e p a t i c  s h i f t  o f  s c h i s to s o m e s ,  a l i  a n im a i s  p r e s e n t e d  

o o g r a m  c h a n g e s  w h e n  d o s e d ,  per os, a t  t h e  s c h e d u l e s  o f  2 0 0 , a n d  100 m g / k g /  

/ d a y  x 7 . I n  h a m s t e r s ,  a n t i s c h i s t o s o m a l  a c t i v i t y  c o u ld  b e  d e t e c t e d  o n ly  a t  

t o x i c  l e v e i s .  I n  m o n k e y s ,  t r i c h l o r p h o n e  s h o w e d  i n s i g n i f i c a n t  a c t i o n  e v e n  a f t e r  

o r a l  a d m i n i s t r a t i o n  o f  30  m g / k g / d a y  f o r  10  c o n s e c u t i v e  d a y s .

I n  5 v o l u n t e e r s ,  a  s h a r p  á r o p  in  c h o l i n e s t e r a s e  p l a s m a  l e v e i  w a s  o b s e r v e d  

2 4  h o u r s  a f t e r  a  s i n g l e  o r a l  d o s e  o f  7 .5  m g / k g .  H o w e v e r ,  c h o l i n e s t e r a s e  le v e i s  

r e t u r n e d  t o  t h e  i n i t i a l  v a lu e s  w i t h i n  a  p e r i o d  o f  11 t o  2 7  d a y s .  T r i c h lo r p h o n e  

w a s  t h e n  a d m i n i s t e r e d  t o  1 2  s c h i s t o s o m e  p a t i e n t s  ( 7 .5  m g / k g / d a y ,  e v e r y  f o r t -  

n i g h t ,  x  5 ) . O n e  m o n t h  a f t e r  t h e r a p y ,  i n t e r r u p t i o n  o f  e g g  l a y i n g  w a s  ó b s e r v e a  

i n  6  p a t i e n t s .  L a t e  p a r a s i t o l b g i c a l  c o n t r o l  s h o w e â  t h a t  a l i  t r e a t e d  p a t i e n t s  

c o n t i n u e d  t o  p a s s  v i a b l e  S . m an son i e g g s  w i t h  t h e i r  s t o o l s .

In  1962, Cerf and  collaborators (2) in -  

vestiga ted  th e  possib ility  of u sin g  organo- 

phosphorus com pounds lesa injurious to 

m am m als for th e  trea tm en t of h um an  

p arasitic  h e lm in th s . It w as found th a t  

tr ich lorphone gave encouraging results in  

th e  trea tm en t o f ancylostom iasis, a s-  

cariasis, trichuriasis, creeping eruption, 

an d  in testin a l sch ito so m ia sis . T hese fin d -  

in gs w ere subsequently  confirm ed by 

T alaat e t  a l .  (11). More recently, F cr- 

sy th  & R ashid  (4, 5) reported th a t spaced  

ad m in istra tion  of tr ichlorphone to  p a t 

ien ts  in fected  w ith  S c h i s t o s o m a  h a e m a t o -  

b i u m  is  h igh ly  su ccessfu l on  reducing th e  

leveis o f urinary egg ou tp u ts. However, no  

a n tisch istosom al activ ity  could be detected  

by A bdalla  e t  a l .  (1) on m ice, gerbils and

C e r c o p i th e c u s  a e t h í o p s  experim entally  ín- 

fected  w ith  S c h i s t o s o m a  m a n s o n i .  In  view  

of th ese  con flictin g  results it w as fe lt  

w orth  w h ile  to  conduct a thorough study  

on laboratory an im ais as w ell as a lim it- 

ed clin ica i tr ia l w ith  trichlorphone (0,0- 

-d im eth y l l-h yd roxy-2 , 2, 2-trich loroethyl 

phosphonate, fig. 1) in  schistosom iasis  

m an son i. T he results are herein  reported.

MATERIALS AND METHODS 

I n f e c t i o n  o f  a n im a i s

M ice, h am sters and C e b u s  m onkeys 

were in fected  w ith  S .  m a n s o n i  cercariae 

(LE strain , m ain ta in ed  in  th e  laboratory) 

as described  elsew here (9) .

* I n s t i t u t o  N a c i o n a l  d e  E n d e n i i a s  R u r a i s  a n d  I n s t i t u t o  d e  B i o l o g i a ,  U n i v e r s i d a d e  F e d e r a l  d e  M i n a s  

G e r a i s ,  B e l o  H o r i z o n t e ,  R r a z i l .  T l l i s  s t u  d y  l i a s  b e e n  s u p p o r t e d ,  i n  p a r t ,  i>y r e s e a r c h  g r a n t s  t r o m  f i l e  

U . S .  P u b l i c  H e a l t h  S e r v i c e  ( A I - 0 r > 0 1 7 - ( ) 5 ) ,  N I H ,  B e t h e s d a ,  M a r y l a n d ,  a n d  W H O ,  G e n e v a ,  S w i t z e r l a n d .

* *  A d d r e . s s :  I n s t i t u t o  N a c i o n a l  d e  F . n d e m i a s  R u r a i s ,  C .  P o s t a l  174. '! ,  B e l o  H o r i z o n t e ,  B r a z i l .
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T r e a t m e n t  o f  i n f e c t e d  a n im a i s

Seven  w eeks after exposure to  S . m a n 

s o n i  cercariae (10 organ ism s per a n i 

m a l), groups o f 12 m ice were treated  w ith  

trichlorphone, p e r  o s , for 7 consecutive  

days, a t th e  dose leveis o f 200, 100, 50 and  

25 m g /k g /d a y . A group of 8 u ntreated  

m ice w as le f t  as control.

G roups o f 7 h am sters (C r ic e tu s  a u r a tu s )  

were treated  for 7 consecutive days, p e r  

o s , a t  th e  dose leveis o f 200, 100, an d  50 

m g /k g /d a y , 8 w eeks a fter  exposure (80 

cercariae per an im al v ia  th e  cheek  p o u c h ). 

A group o f  u ntreated  h am sters w as le f t  as 

con tro l.

Four C e b u s  a p e l l a  m a c r o c e p h a l u s  w ere  

dosed p e r  o s , 8 to  11 m on th s a fter  e x 

posure (150 to  200 cercariae per a n im a l),  

w ith  15, and  30 m g /k g /d a y  x  10 (2 a n i 

m a is), 30 m g /k g /d a y  x  5 (1 a n im a l), a n d  

30 m g /k g /d a y  every fo r tn ig h t x  5 (1 a n i 

m al) . One u ntreated  m onkey w as le f t  as 

con tro l.

O o g r a m  a n d  d i s t r i b u t i o n  o f  s c h i s to s o m e s

T he m ethods and criteria used  for  

oogram  stu d ies an d  worm  distribution  

w ith in  th e  h ep atic  p orta l system  h ave  

been described  elsew here (9 ) .

A lterations in  th e  oogram  from  in te s 

tin a l fragm en ts o f  m ice and h am sters  

w ere considered s ig n ifica n t w h en  one or 

m ore developm ental stages o f im m ature  

eggs w ere ab sen t. In  C e b u s  m onkeys, th e  

assessm ent of drug a ctiv ity  w as based  on  

th e  d isappearance o f  im m ature viable  

eggs in  recta l sn ips ob ta ined  by m ucosal 

curettage (8) .

C l in ic a i  s t u d i e s

C holinesterase p lasm a leveis  w ere deter-  

m ined in  5 m ale ad u lt vo lunteers before  

and a t  d ifferen t periods Cl. 4, 7, 11, 14, 

18, and  27 days) a fter  a sin g le  oral dose  

of trichlorphone (7 .5  m g /k g ) . T he m eth od  

used w as th a t developed by R appaport e t  

a l .  (G radw ohl (6) an d  is  based  on  th e  

change in  colour o f m -n itr o p h en o l.

Twelve ad u lt m ale p a tien ts w ith  active  

schistosom iasis m an son i (h ep a to -in te sti-  

nal form ) w ere treated  w ith  tr ich lorphone  

(tab lets o f 50 m g) a t  th e  dose levei of 

7 .5  m g /k g /d a y , every fortn igh t x  5.

T herap eu tica l activ ity  w as assessed  by one  

recta l biopsy perform ed 1-2 m o n th s a fter  

com pletion  o f trea tm en t an d  stoo l ex a m -  

in a tion s 150 days a fter  th erapy.

RESULTS

M ic e

T he d ata  concern ing  th e  th erap eu tica l 

a ctiv ity  o f tr ich lorphone on m ice ex -  

perim enta lly  in fected  w ith  S . m a n s o n i  are  

sum m arized  in  T able I . A li m ice dosed  

w ith  200, an d  100 m g /k g  p resented  oogram  

ch an ges. A t th e  dose leveis  o f 50,, an d  25 

m g /k g , th e  p ercen tages of an im ais w ith  

altered  oogram  w ere 37 .5  and  11.1, res-  

pective ly . O nly a  s lig h t h ep atic  sh if t  w as  

observed a t  th e  h ig h est dose levei em -  

p lo y ed .

H a m s t e r s

T able II  show s th e  results ob ta in ed  in  

h a m sters. Oogram  ch an ges w ere observ 

ed  on ly  in  an im ais dosed a t tox ic  leveis  

(200, and  100 m g /k g /d a y  x  7 ) .  No s ig 

n if ic a n t h ep atic  sh if t  occurred w ith  th e  

sch ed u les u sed . D ead  w orm s w ere fou n d  

in  th e  liver o f  th e  on ly  surviv ing  an im al 

of th e  group treated  w ith  200 m g /k g .

C e b u s  m o n k e y s

A s can  be seen  from  T able III, a s lig h t  

b ut tra n sien t an tisch istosom al activ ity , as  

ju dged  by oogram s provided by m ucosal 

curettages, could be d etected  in  C e b u s  n .°  

1, w ith in  th e  period o f treatm en t, an d  in  

C e b u s  n .°  3, ju st a fter  th e  la s t  dose.

C h o l i n e s t e r a s e  p l a s m a  le v e i

A sharp  drop in  p lasm a ch olinesterase  

levei occurred in  a li vo lunteers one day  

after  tr ich lorphone a d m in istra tio n . T h e  

return  to  p retreatm en t leveis w as observ 

ed a fter  11 to  27 days (F ig . 2) .

C l in ic a i  t r i a l s

O nly m inor an d  tr a n sien t side e ffec ts  

su ch  as n ausea , vom itin g  (2 c a se s ) , d iz- 

ziness, an d  abdom inal pain  w ere observ 

ed . R ecta l biopsies perform ed 1-2 m on th s  

after  th e  end  o f  trea tm en t revealed  in -
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(1 ) . In  fact, th ese authors did n o t  disclose  

any an tisch istosom al activ ity  in  m ice in 

fected  w ith  S .  m a n s o n i  and  treated  w ith  

tr ich lorphone a t  th e  daily dose levei of 

100 m g /k g  for 3, 4, and  6 consecutive days. 

T he criteria used  by A bdalla and  cowor- 

ker§ to  a ssess th erapeutic  activ ity  w ere a» 

com parison of th e  average num ber o f ex- 

creted eggs an d  th eir  viability , b) worm  

burden, c) separation  o f sexes, and d) 

h e p a t i c  s h i f t  o f  sch istosom es. B y usfog  the  

oogram  m ethod, w h ich  is  very sen sitive to 

detect even  s lig h t d isturbances on  egg-  

-la y in g  (7 ), w e were able to  dem onstrate  

an  unequivocal action  o f trichlorphone  

a ga in st S .  m a n s o n i  in fection s in  m ice and  

h a m sters. Our poor resu lts in  m onkeys are 

in  accordance w ith  th ose  reported by Ab 

dalla  e t  a l .  (1) an d  T hom pson (12 ).

T h e ad m in istra tion  of trichlorphone at 

th e  sch ed u le o f 5 m g /k g /d a y  x  12 t o  sch is-  

tosom ose p a tien ts  w as follow ed by a very 

m arked decrease o f p lasm a and red-cell 

ch o linesterase leveis w ith  a slow recovery

Fig. 2 —  C h o l i n e s t e r a s e  p l a s m a  l e v e i  i n  5 v o l u n t e e r s  b e f o r e  a n d  a f t e r  a  

d o s e  o f  t h i c h l o r p h o n e  (7,5 ' m g / k g ) .

/ P- CHOHCĈ

CH3-O

C h e m ic a l  s t r u c t u r e  o f  t r i c h l o r p h o n e

terruption  of e g g  l a y i n g  ( a b s e n c e  o f  v i a b l e  

eggs) in  6 ou t o f 12 p a tien ts  (T able T V ) . 

L ate parasito log ica l control show ed viable  

S . m a n s o n i  eggs in  a li treated  p a tien ts  

(T able I V ).

DISCUSSION

I t  is  know n th a t  tr ich lorphone is  active  

ag a in st a  variety  of gastro -in testin a l  

nem atodes in  sheep  and ca ttle  (3, 10) and  

ch olinesterase in h ib ition  is  probably in -  

volved in  its  m ech an ism  o f action  (1 2 ) .

Our resu lts obtained  in  m ice partly  

agree w ith  th ose reported by A bdalla e t  a l.



T á b l e  I  —  A n tisch isto so m a l a c t iv ity  o f  T r ich lo rp h o n e  o n  m ice  ex p er im en ta lly  in fe c te d  w ith  S .  m a n s o n i .  T h e  a n im a is  w ere sa c r ific ed  3 d ays
a fte r  th e  en d  o f tr e a tm e n t.

S ch ed ule of treatm ent  

(m g /k g /d a y  x  7) 
p e r  o s

Num ber
of

m ice
A nim ais

dead

M ean
worm

burden

D istribution  of schistosom es (%)

Percentage of 

an im ais w ith  

oogram  ch an gesLiver Portal
vein

M esenteric
vessels

200 12 3 16.2

.....

35.6 16.4 48.0 100.0

100 12 2 18.4 22.8 15.8 61.4 100.0

50 12 4 28.1 26.2 15.1 58.7 37.5

25 12 3 24.5 19.0 19.4
>

61.6 11.1

Control 8 0 15.0 13.3 34.2 52.5 0 .0



T a b l e  I I  —  A n tisch isto so m a l a c t iv ity  o f  T r ich lo rp h o n e  o n  h a m ste rs  e x p er im en ta lly  in fe c te d  w ith  S .  m a n s o n i .  T h e  a n im a is  w ere sa c r if ic e  1
3 d a y s  a fter  th e  end  o f  tr e a tm e n t .

Schedule of treatm ent  

(m g /k g /d a y  x 7) 
p e r  o s

Num ber
of

m ice
A nim ais

dead

M ean
worm

burden

D istribution  of sch istosom es (%)

Percentage of  

an im ais w ith  

oogram  ch an gesLiver Portal
vein

M esenteric
vessels

200 7 6 10.0* 10.0 20.0 70.0 100.0

100 7 6 41.0 26.8 12.2 61.0 100.0

50 7 1 25.1 13.2 33.8 53.0 0 .0

Control 7 0 37.5 18.2 29.3 52.5 0 .0

♦Presence of dead w orm s in  th e  liver
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42
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7

20
15
29

4
6

21

13
4

24
13

44
26
22

50
34

17
10
44
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schistosom al activ ity  of T rich lorphone on  C e b u s  m onkeys  

en ta lly  in fected  w ith  S .  m a n s o n i .

O ogram s from  recta l sn ip s obtained  by cu rettage .

D ays before (— ) 
or a fter  ( + )  

th e  beginn ing  

o f trea tm en t

V iable eggs. S tages

l s t 2nd 3rd 4th M ature

_ 5 16 2 3 1 141
— 3 22 17 16 3 11
+ 2 45 52 63 49 86
+ 8 0 0 0 0 26
+ 11 5 5 5 0 11
+ 16 12 54 18 60 76
+ 36 14 4 52 34 119
+ 160 4 10 19 15 72

— 19 8 31 95 163 94
— 6 10 15 33 48 109

0 8 3 17 17 19
+ 9 0 44 47 0 98
+ 17 7 0 3 12 101
+ 25 35 30 3 14 142
+ 145 32 10 34 27 51

_ 30 17 16 14 18 47
— 18 7 2 0 5 38
+ 3 51 36 3 5 20

9 5 0 103 0 21
+ 25 2 4 52 0 2
+ 56 1 55 7 4 72
+ 64 0 0 68 30 45
+ 77 0 0 0 0 23
+ 104 10 14 54 50 77
+ 158 2 0 11 22 8

_ 63 36 39 58 43 83
— 1 40 4 38 6 105
+ 13 20 29 26 0 57
+ 70 36 15 68 9 260
+ 82 35 45 73 27 209

+ 82* 4 10 36 4 80
+ 88 29 9 7 5 17
+ 108 14 17 46 20 100
+ 258 2 4 41 5 70

to  S . m a n s o n i  cercariae



T a b le  I V  —  R esu lts of th e  trea tm en t of 12 adult p a tien ts  su ffer ing  from  sch istosom i-

asis m an son i w ith  Trichlorphorm e  

S ch ed u le: 7 .5  m g /k g , every fortn igh t x  5 (T otal dose =  37.5  m g /k g ) .

P atien ts D ays before (— ) or 

after ( + )  th e  com - 

p letion  of treatm en t

R ecta l biopsy  

V iable eg g s /  
D ead eggs

Stool exam in ation  for 

viable S . m a n s o n i  

eggs

* 1
-  80
+  32 

+  150
300/93

0/56
Positive

-  84
2 +  48 58/34 Positive

+  150 0 /0

— 90
3 +  43 55/26 Positive

+  90 82/12

,

4 +  34 169/106 Positive
+  150 0/26

— 83
5 +  50 264/0 Positive

+  150 106/0

-  82
6 +  55 148/61 Positive

+  150 127/0

-  80 131/45
7 +  60 150/0 N ot done

-  80 137/50
8 +  57 139/0 N ot done

-  77
9 +  41 107/171 Positive

+  150 107/60

-  77
10 +  38 170/41 Positive

+  150 0/0

— 77
11 +  41 158/126 Positive

+  150 0/239

— 71
12 +  35 113/112 Positive

+  150 0/0
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w hich did n ot reach  its  norm al values  

even a t 45 days after  th e  en d  o f  tr ea t 

m en t (1) . S in ce in  th e  p resent study, 

confirm ing early reports by F orsyth  and  

R ashid  (4, 5 ), th e  recovery of ch o lin es 

terase p lasm a levei w as observed to  occur  

about a fortn igh t a fter  a  single  oral doso 

of 7.5 m g /k g  of trichlorphone, it  w as decid - 

ed to treat sch istosom e p a tien ts  w ith  a 

2-w eek in terval betw een  consecutive doses. 

A lthough side e ffec ts  were o f  m inor c lin 

ica i sign ificance, on ly  a tem porary in ter-  

ruption  o í  egg lay ing  could  be d etected . 

Ali treated  p a tien ts  continued  to  pass  

viable eggs after  th e  com pletion  of tr e a t 

m ent.

A ccording to Forsyth  and  R ashid  (5),

th e  con flic tin g  reports from  w orkers w ho  

h ave used tr ich lorphone for trea tin g  sc h is 

tosom iasis are in  part exp ained  by the  

inc lusion  o f b oth  S .  m a n s o n i  an d  S .  h a e -  

m a t o b i u m  p a tien ts  in  th eir  ser ies. W hen  

tr ichlorphone w as g iven  by m ou th  in  s in 

g le spaced  doses of 7 .5  m g /k g  to  73 

p atien ts  in fected  w ith  S . h a e m a t d b m m ,  ali 

ceased  void ing eggs o f th e  p arasite in  th e  

urine (5) . However, as far as S . m a n s o n i  

in fection s are concerned, th e  çoor th er -  

apeutica l activ ity  of tr ich lorphone an d  th e  

w ell know n tox ic  pcoperties o f h igh er dosa- 

ges of th is  organophosphorus com pcund for  

m an are very discouraging factors to  su p -  

port th e  con tin u ation  of further clin icai 

tr ia ls.

R E S U M O

E n s a io s  p r é - c l i n i c o s  f o r a m  r e a l i z a d o s  e m  c a m u n ã o n g o s ,  h a m s t e r s  e  m a 

c a c o s  Cebus e x p e r i m e n t a l m e n t e  i n f e c t a d o s  c o m  Sch istosom a m an son i e  t r a 

t a d o s  c o m  t r i c h l o r p h o n e  (0 - 0 - d i m e t i l  l - h i ã r o x i - 2 ,  2 , 2 - t r i c l o r o e t i l f o s f o n a t o ) . 

E m  c a m u n ã o n g o s ,  a p e s a r  d e  t e r  s i d o  d i s c r e t o  o  d e s l o c a m e n t o  d o s  v e r m e s  p a r a  

o  f í g a d o ,  e m  t o d o s  o s  a n i m a i s  h o u v e  a l t e r a ç õ e s  d o  o o g r a m a ,  q u & n d o  f o r a m  

a d m i n i s t r a d o s  2 0 0  e  1 0 0  m g / k g / d i a  x  7 , per o s . E m  h a m s t e r s ,  a  a t i v i d a d e  s ô b r e  

o s  e s q u i s to s s o m o s ,  s ó  p ô d e  s e r  d e t e c t a d a  c o m  d o s e s  t ó x i c a s .  E m  m a c a c o s ,  o  

t r i c h lo r p h o n e  m o s t r o u  a ç ã o  i n s i g n i f i c a n t e ,  m e s m o  a p ó s  a d m i n i s t r a ç ã o  o r a l  d e  

30 m g  / k g /  d ia  d u r a n t e  1 0  d i a s  c o n s e c u t i v o s .

E m  5 v o l u n t á r i o s ,  u m a  a c e n t u ã a ã a  b a i x a  d a  c o l i n e s t e r a s e  p l a s m á t i c a ,  fo i  

o b s e r v a d a  2 4  h o r a s  a p ó s  u m a  ú n i c a  d o s e  o r a l  d e  7,5 m g / k g .  T o d a v ia ,  o  n í v e l  

d a  c o l i n e s t e r a s e  v o l t o u  a o s  v a l o r e s  i n i c i a i s  n o  p e r í o d o  d e  11 a  2 7  d i a s .  O  t r i 

c h l o r p h o n e  f o i  a d m i n i s t r a d o  a  12  p a c i e n t e s  c o m  e s q u i s to s s o m o s e  m a n s o n i  (7 .5  

m g / k g / ã i a ,  q u in z e n a l m e n t e ,  x  5 ) .  U m  m ê s  a p ó s  o  f i m  d o  t r a t a m e n t o ,  a  i n 

t e r r u p ç ã o  d a  p o s t u r a  d o s  v e r m e s  f o i  o b s e r v a d a  e m  6  p a c i e n t e s .  O c o n t r o l e  

p a r a s i to l ó g i c o  t a r d i o  r e v e lo u  a  i n e f i c á c ia  d o  t r a t a m e n t o  e m  t o d o s  o s  p a c i e n t e s .
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