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Summary:

The effect of 14 natural and synthetic naphthoquinones in the 

replication of Toxoplasma gondii was evaluated. In vitro studies 

were accomplished in cultures of 2C4 fibroblasts infected with RH- 

strain. Enzyme-linked immunosorbent assay was used to quantify 

parasite growth. For the studies in vivo, mice were infected with 

tachyzoites of the RH strain or cysts of the T. gondii EGS strain. In 

vitro, seven naphthoquinones demonstrated significant inhibition of 

intracellular T. gondii growth at concentrations of 1 and 5 pg/ml. 

Only three compounds were significantly protective when tested in 

animals: 2-hydroxy-3'-(3'-pentenyl)-l ,4-naphthoquinone |PHNQ4), 

2-hydroxy-3-(l'-vinylphenyl)-l,4-naphthoquinone (PHNQ5) and 2- 

hydroxy-3-(l'-propen-3'-phenyl)-1,4- naphthoquinone (PHNQ6). In 

animals infected with the EGS strain and treated with PHNQ4 

(50 m g /kg /day  orally), a 7-day prolongation of the time to death 

was observed. Treatment with 100 m g /kg /day  orally or 

50  m g /kg /day  i.p. of PHNQ5 resulted in a 5-day and 16-day 

prolongation of the time to death, respectively. Treatment with 

50  m g /kg /day  orally or 50  m g /kg /day  i.p. of PHNQ6 resulted 

in a 4-day prolongation of the time to death or up to 30 days 

after treatment, respectively. Our results suggest that the 

naphthoquinones may be important therapeutic agents for the 

treatment of toxoplasmosis.

KEY WORDS : naphthoquinones, Tox oplasm a gondii, strain, in vitro, murine 

models.

Résumé :  A c t iv it é  d e  n a ph t h o q u in o n e s  n a t u r e l l e s e t

SYN TH ÉTIQ U ES CO N TRE T O X O P LA SM A  G O N D II IN  V ITRO ET DA N S UN 

M O D ÈLE M URIN

L'effet de 14  naphthoquinones naturelles et synthétiques a été 

évalué sur la multiplication de Toxoplasma gondii. Les études in 

vitro ont été éffectuées avec des cultures de fibroblastes 2C4 

infectés avec la souche RH. Un ELISA a été utilisé pour mesurer la 

croissance du parasite. Pour les études in vivo, les souris ont été 

infectées avec des tachyzoïtes de la souche RH ou des kystes de 

la souche EGS de T. gondii. Les essais in vitro avec sept 

naphthoquinones ont démontré une inhibition importante du 

développement intracellulaire de T. gondii aux concentrations de

1  et 5  μ g /m l. Seulement trois composés ont démontré une activité 

protectrice in vivo : 2-hydroxy-3'-(3'-pentenyl)- 1,4-naphthoquinone 

(PHNQ4I, 2-hydroxy-3-(I'-vinylphenyl)- 1,4-naphthoquinone 

(PHNQ5I et 2-hydroxy-3-(l'-propen-3'-phenyl)- 1,4-naphthoquinone 

(PHNQ6). Dans le groupe des animaux infectés avec la souche 

EGS et traités avec PHNQ4 (50 m g/kg /jou r per os), une 

augmentation de sept jours de la survie des animaux a été 

observée. Le traitement avec 100 m g /kg /jou r per os ou 

50  m g/kg /jou r i.p. de PHNQ5 a provoqué une augmentation 

de la survie de cinq et 16  jours respectivement. Le traitement avec 

50  m g/kg /jou r per os ou 5 0  m g /kg /jou r i.p. de PHNQ6 a 

entraîné une augmentation de la survie de quatre et de plus de 

30  jours après le traitement, respectivement. Ces résultats montrent 

donc que les naphthoquinones peuvent être des molécules 

d'avenir pour le traitement de la toxoplasmose.

MOTS CLÉS : naphthoquinones, Toxoplasma gondii, souche, in vitro, m odèle  
murin.

INTRODUCTION

T o x o p l a s m a  g o n d i i  is  a n  in tra c e llu la r  p r o to z o a n  

c a p a b le  o f  in v a d in g  a ll  ty p e s  o f  n u c le ic  c e lls . T h e

im m u n e  s y s te m s  o f  im m u n o c o m p e te n t p a tie n ts  

c o n tr o l  ta c h y z o i te  m u ltip l ic a tio n , w h e r e a s  in f e c tio n s  in  

im m u n o c o m p r o m is e d  p a tie n ts  c a n  re s u lt in  f a ta l e n c e 

p h a litis . P y r im e th a m in e  a lo n e  o r  in  c o m b in a tio n  w ith
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s u lf a d ia z in e  h a s  b e e n  th e  c o n v e n tio n a l  tr e a tm e n t f o r  

a c u te  to x o p la s m o s i s  a n d  to x o p la s m ic  e n c e p h a l i t i s  

a lth o u g h  a d v e r s e  r e a c ti o n s  a re  c o m m o n  ( K a tla m a , 

1 9 9 1 ; W o n g  &  R e m in g to n , 1 9 9 4 ; W e l le r  &  W illia m s , 

2 0 0 1 )  w h ic h  m a y  le a d  to  th e  in te rru p tio n  o f  c h e m o 

th e ra p y  ( L e p o rt e t  a l . ,  1 9 8 8 ; W o n g  e t a l . ,  1 9 9 4 ) .

It is  r e c o g n iz e d  th a t th e r e  is  a n  u rg e n t n e e d  f o r  n e w  

th e r a p e u tic  a p p r o a c h e s  to  tre a t to x o p la s m o s is ,  p a rti 

c u la r ly  f o r  p a tie n ts  w ith  A ID S (L u ft &  R e m in g to n , 1 9 9 2 ; 

K h a n  e t  a l . ,  1 9 9 8 ; G h e ra rd i e t  a l . ,  2 0 0 0 ) .  Se v e ra l n a p h 

th o q u in o n e s  h a v e  b e e n  r e p o r te d  to  e x h ib it a n titu m o r , 

a n ti- T r y p a n o s o m a  c r u z i ,  a n tim a la r ia l a n d  a n ti - L e i s b -  

m a n i a  c h a g a s i  a c tiv itie s  ( H a m m o n d  e t  a l . ,  1 9 8 5 ; Je r -  

n ig a n  e t  a l . ,  1 9 9 6 ; D o la b e l la ,  1 9 9 7 ; G o u rla rt e t  a l . ,  

1 9 9 7 ) .  Im p o rta n tly , th e  n a p h th o q u in o n e  a to v a q u o n e  

h a s  b e e n  p ro v e n  to  b e  e f f e c tiv e  a g a in s t P n e u m o c y s t i s  

c a r i n i  a n d  T o x o p l a s m a  g o n d i i  ( A ra u jo  e t  a l . ,  1 9 9 1 ;

P a ra s ite , 2 0 0 2 , 9 ,  2 6 1 - 2 6 9
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V ila r  e t  a l . ,  1 9 9 6 ) .  T h e  p r e s e n t s tu d y  re p o r ts  th e  e v a 

lu a tio n  o f  1 4  n a p h th o q u in o n e s  a g a in s t T. g o n d i i  in  

v i t r o  a n d  in  a  m u r in e  m o d e l  o f  in f e c tio n .

MATERIALS AND METHODS

M ic e

O
u tb re d  f e m a le  Sw is s  m ic e  f ro m  th e  C e n tr o  d e  

B io te r i s m o  o f  th e  U n iv e rs id a d e  F e d e ra l  d e  

M in a s  G e ra is  ( B e l o  F lo r iz o n te , B ra z il )  w e r e  

u s e d  a n d  w e ig h e d  ro u g h ly  2 0  g  at th e  b e g in n in g  o f  

e a c h  e x p e r im e n t. F o o d  a n d  w a te r  w e r e  a v a ila b le  to  th e  

a n im a ls  th r o u g h o u t th e  e x p e r im e n t.

T . G O N D II ISO LA TES

Stra in s  R H  a n d  E G S w e r e  u s e d . I n  v i t r o  a n d  in  v iv o  

s tu d ie s  u s e d  ta c h y z o i te s  o b ta in e d  f ro m  th e  p e r ito n e a l  

c a v itie s  o f  m ic e  in f e c te d  w ith  th e  R H  s tra in  ( S a b in , 

1 9 4 1 )  f o r  tw o  d a y s . T h e  v iru le n t E G S s tra in  ( Fe rre ira  

e t  a l . ,  2 0 0 1 )  u s e d  in  th e  i n  v iv o  a n a ly s is  w a s  is o la te d  

in  o u r  la b o ra to ry  f ro m  th e  a m n io tic  f lu id  o f  a n  in f e c te d  

h u m a n  p a tie n t ( C a s tro  e t  a l . ,  2 0 0 1 ) .  T h e  E G S stra in  w a s  

m a in ta in e d  a t a  c h r o n ic  s ta g e  b y  tre a tin g  in f e c te d  m ic e  

w ith  s u lf a d ia z in e  in  d r in k in g  w a te r . M ic e  w e r e  in f e c te d  

e ith e r  i.p . w ith  1 0 3 ta c h y z o ite s  o f  th e  R H  stra in  o r  o ra lly  

w ith  1 0  tis s u e  c y s ts  o f  th e  E G S stra in .

C o m p o u n d s

T h e  p a r a - h y d r o x y n a p h th o q u in o n e s  ( P H N Q s ) , o r t h o -  

f u r a n o n a p h th o q u in o n e s  ( O F N Q s )  a n d  p a r a - f u ra n o -  

n a p h th o q u in o n e s  ( P F N Q s )  u s e d  in  th e  e x p e r im e n ts  

w e r e  s y n th e tiz e d  v ia  a ro u te  s ta rtin g  w ith  2 - h y d ro x y -  

1 ,4 - n a p h th o q u in o n e  a n d  a l ip h a tic  a ld e h y d e s , f o l lo w e d  

b y  o x id a tio n  o f  th e  c o n d e n s a tio n  p ro d u c ts  ( F e rre ira  e t  

a l . ,  1 9 8 9 ) .  T h e s e  c o m p o u n d s  w e r e  o b ta in e d  a t th e  

D e p a r ta m e n to  d e  P r o d u to s  F a r m a c é u tic o s ,  F a c u ld a d e  

d e  F a rm á c ia , U n iv e rs id a d e  F e d e ra l  d e  M in a s  G e ra is  

( B e l o  H o r iz o n te , B ra z il ) .  In  a d d itio n  to  th e  s y n th e tic  

n a p h th o q u in o n e s , th re e  n atu ral n a p h th o q u in o n e s  -  lap a-  

c h o l , a - l a p a c h o n e  a n d  p - la p a c h o n e  ( F ig . 1 )  -  w e r e  

te s te d . T h e  L a p a c h o l , a - la p a c h o n e  a n d  P - la p a c h o n e  

w e r e  e x tr a c te d  f ro m  p la n ts  b e lo n g in g  to  th e  f a m ily  

B ig n o n ia c e a e ,  p a rtic u la r ly  to  th e  g e n u s  T a b e b u i a .  Su l 

f a d ia z in e  w a s  u s e d  f o r  c o m p a r is o n  w ith  th e  c o m 

p o u n d s  te s te d  in  th is  s tu d y .

In  v it r o  a c t i v i t y

T h e  c o m p o u n d s  w e r e  d is s o lv e d  in  a  s m a ll  a m o u n t o f  

d im e th y l s u l f o x id e  a n d  D u l b e c c o ’s  m o d if ie d  E a g le ’s 

m e d iu m  (D M E M )  ( S ig m a  C h e m ic a l  C o ., St. L o u is , M o .)  

c o n ta in in g  p e n ic i l l in ,  s tr e p to m y c in  a n d  1 0  %  f e ta l  

b o v in e  s e ru m . T h e  c o n c e n tr a tio n s  w e r e  p r e p a r e d  in

D M EM  a n d  v a r ie d  b e tw e e n  0 .0 1 ,  0 .0 5 ,  0 .1 ,  0 .5 ,  1, 5 , 

10, 5 0  a n d  1 0 0  μ g / m l. T h e  e f f e c t o f  e a c h  c o m p o u n d  

o n  in tra c e l lu la r  T. g o n d i i  r e p l i c a tio n  w a s  e v a lu a te d  

u s in g  e n z y m e - l in k e d  im m u n o s o r b e n t a s s a y  (EL ISA ) , 

w ith  m o d if ic a tio n s  ( R o m a n d  e t  a l . ,  1 9 9 3 ) . S e m ic o n 

f lu e n t m o n o la y e r s  o f  2 C 4  f ib r o b la s ts  w e r e  p r e p a r e d  in

9 6 - w e l l  tis s u e  c u ltu re  p la te s  a n d  in o c u la te d  w ith  ta c h y 

z o ite s  o f  T. g o n d i i  R H  stra in  at a ra tio  o f  th e  th r e e  p a ra 

s ite s / c e ll a t 3 7 ° C  in  5 %  C O ,. E ig h t w e l ls  w e r e  u s e d  

f o r  e a c h  d ru g  c o n c e n tr a tio n .  A f te r  f o u r  h o u rs , th e  

v a r io u s  c o n c e n tr a ti o n s  o f  c o m p o u n d s  w e r e  a d d e d  to  

th e  m e d iu m  a n d  th e  c u ltu re s  w e r e  in c u b a te d  f o r  4 8  h . 

T h e  EL ISA  w a s  d o n e  d ire c tly  o n  th e  f ix e d  c u ltu re s . 

E a c h  c u ltu r e  w e l l  w a s  w a s h e d  th r e e  tim e s  w ith  1 0 0  μ l 

o f  p h o s p h a te - b u f f e r e d  s a l in e  ( P B S )  c o n ta in in g  0 .0 5  %  

T w e e n  2 0  ( p H  7 .6 ) .  T h e  p la te s  w e r e  th e n  f ix e d  w ith  

c o ld  m e th a n o l  f o r  1 5  m in  a n d  f i l le d  w ith  5 %  p o w 

d e r e d  s k im  m ilk  in  P B S - T w e e n  f o r  6 0  m in  at 3 7 °  C . 

T h e n  th e  p la te s  w e r e  w a s h e d  tw ic e  f o r  f iv e  m in u te s  

e a c h  tim e  w ith  P B S - T w e e n  2 0  p H  7 .6 . P o s itiv e  s e ra  

( 1 0 0  μ l )  f r o m  m i c e  e x p e r i m e n ta l l y  in f e c te d  w ith  

T. g o n d i i  w e r e  d ilu te d  1 :5 0  in  p o w d e re d  s k im  m ilk  in

5 %  P B S - T w e e n  a n d  in c u b a te d  f o r  4 5  m in  at 3 7 °  C  th e n  

a d d e d  to  e a c h  w e ll. P la te s  w e r e  w a s h e d  f o u r  tim e s  f o l 

lo w e d  b y  th e  a d d itio n  o f  1 0 0  μ l  o f  p e r o x id a s e - la b e l le d  

a n ti - m o u s e  Ig G  c o n ju g a te  ( S ig m a )  d ilu te d  1 / 1 5 0 0 0  a n d  

in c u b a te d  f o r  4 5  m in  at 3 7 °  C . P la te s  w e r e  w a s h e d  f o u r  

tim e s  a n d  th e n  1 0 0  μ l  o f  th e  s u b s tra te  ( o r t h o - p h e n y le -  

n e d ia m in e )  w a s  a d d e d  to  e a c h  w e ll. A f te r 2 0  m in  th e  

re a c tio n  w a s  s to p p e d  b y  th e  a d d itio n  o f  1 0 0  μ l o f  4  

N  H 2SO 4 a n d  th e  o p tic a l  d e n s ity  o f  th e  s u p e rn a ta n t w a s  

d e te rm in e d  f o r  e a c h  c u ltu re  w e l l  b y  EL ISA  re a d in g s  

C4490 n m ) . In  e a c h  e x p e r im e n t, e ig h t p o s itiv e  c o n tro l 

w e lls  w e r e  m a d e  w ith  n o  c o m p o u n d  b u t w ith  D M EM  

a n d  T. g o n d i i  ta c h y z o ite s  w h ile  e ig h t w e lls  w ith  n o  p a ra 

s ite s  a n d  n o  c o m p o u n d  w e r e  u s e d  a s  n e g a tiv e  c o n tro ls .

D r u g  t o x ic it y  f o r  f ib r o b l a s t s

T h e  to x ic itiy  o f  th e  c o m p o u n d s  f o r  2 C 4  f ib ro b la s ts  w a s  

d e te rm in e d  b y  c o lo r im e tr ic  a s s a y  u s in g  m e th y le n e  b lu e  

( G o m e s  e t  a l . ,  1 9 9 5 ) .  C e lls  w e r e  s e e d e d  in  f o u r  re p l i 

c a te  w e lls , u s in g  1 0 4 c e l l s  p e r  w e l l . A f te r  in c u b a tio n  

f o r  2 4  h  a t 3 7 °  C  in  5 %  C O 2, th e  w e l ls  c o n ta in in g  th e  

te s t c o m p o u n d s  w e r e  w a s h e d  th r e e  tim e s  in  a s o lu 

tio n  o f  P B S  0 .0 5  % - T w e e n  2 0  a n d  f ix e d  w ith  c o ld  

m e th a n o l  f o r  15  m in . C e lls  th a t r e m a in e d  in  th e  w e lls  

w e r e  s ta in e d  w ith  0 .1  %  m e th y le n e  b lu e  in  0 .1  M  

b o r a te  b u f f e r  ( p H  8 .7 )  f o r  1 0  m in . E x c e s s  s ta in  w a s  

r e m o v e d  b y  w a s h in g  th r e e  tim e s  w ith  0 .0 1  M  b o r a te  

b u f f e r  ( p H  8 .7 )  a n d  s ta in  in c o r p o r a te d  in  th e  c e l l s  w a s  

e x tr a c te d  th ro u g h  th e  a d d itio n  o f  1 0 0  μ l  o f  0 .1  M  H C1 

to  e a c h  w e l l . C e lls  th a t w e r e  n o t tr e a te d  w ith  th e  c o m 

p o u n d  w e r e  u s e d  a s  a c o n tr o l .  C o lo r  in te n s ity  w a s  

m e a s u re d  b y  o p ti c a l  d e n s ity  re a d in g  a t 6 6 0  n m  in  a n  

EL ISA  re a d e r .
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N a p h t h o q u i n o n e s  a g a i n s t  T. g o n d i i

C o m p o u nd  N o .
C h em ical structure 

R
Q u ino ne

1 (PFN Q 1)

2 (PFN Q 2)

3 (PFN Q3)

1 (O FN Q 1)

2  (O FN Q 2)

3 (O FN Q 3)

2-eth y l-n ap h tho  [ 2 ,3 b ] -fu ran -4,9-q u in o n e  

2-n -p ro p y l-n ap h th o [2,3b ] - fu ran-4,9-q u ino n e  

2-iso p ro p y l-nap htho  [ 2 ,3 b ] -fu ran-4,9-q u ino n e

2-n-p ro p y l-nap htho  | 1,2b ] - fu ran-4,5-q u in o n e 

2-eth y l-n ap h tho  [ l , 2 b ] -fu ran -4,5-q u in o n e

2-iso p ro p y l-nap h th o  [ 1,2 b ] - fu ran-4,5-q u ino n e

1 (PH N Q 1)

2 (PH N Q 2)

3 (PH N Q 3)

4  (PH N Q 4)

5 (PH N Q 5)

6  (PH N Q 6)

C H = C H  C H  ÇH 3

C H 2C H = C M e 2

C H = C H - C H M e 2

C H = C H  C H , C H , C H ,

C H = C H Ø  

C H = C H C H  , Ø

2-h y d ro x y -3-(  1 ’ -b u ten y l) -1,4-nap htho q u ino ne 

2 -h y d ro x y -3- (3 ’ -m eth y l-2 ’ -b u ten y l)-1,4-nap h th o q u in o ne (Lap ach o l) 

2 -h y d ro x y -3 - ( l ' - iso p e n te n y l) - l .4-nap htho q u ino ne 

2 -h y d ro x y -3- (3 ’ -p en ten y l)-1,4-nap h tho q u ino ne 

2 -h y d ro x y -3- (1 ' -v in y lp h e n y l) -1,4-nap htho q u ino ne 

2-hy d ro  x y - 3 - ( 1 ’ -p ro p en -3-p h en y l)-1,4-nap h th o q u in o ne

PPN Q α -Lapachone 3,4-d ihid ro -2,2-d im etil-2H -nafto -[2.3b ]-pyran-5,10-
quinone

OPNQ β- Lapachone 3,4-d ihid ro -2,2-d im etil-2H -nafto -[1,2b ]-pyran-5,6-

quinone

Fig . 1. -  C h em ic al stru c tu res o f  th e  assay ed  c o m p o u n d s. 
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In  VIVO A C TIV ITY

T h e  c o m p o u n d s  th a t s h o w e d  a c tiv ity  in  v i t r o  a g a in s t 

T. g o n d i i  w e r e  s e le c te d  f o r  in  v iv o  a n a ly s is . E v a lu a tio n  

w a s  d o n e  w ith  c o m p o u n d s  th a t w e r e  in  th e  n e u tra l o r  

s o d iu m  s a lt f o rm s  a n d  a d m in is te re d  o ra lly  o r  i .p .,  r e s 

p e c tiv e ly . A ll th e  c o m p o u n d s  in  th e  sa lt f o rm  w e r e  d is 

s o lv e d  in  P B S, p H  7 .2 . C o n c e n tra tio n s  o f  th e  c o m 

p o u n d s  th a t w e r e  in s o lu b le  in  P B S ( e .g .  n e u tra l f o rm s )  

w e r e  p r e p a r e d  u s in g  a s m a ll  a m o u n t o f  2 0  %  e th a n o l  

a n d  th e  d e s ir e d  c o n c e n tr a tio n s  w e r e  o b ta in e d  b y  th e  

a d d itio n  o f  0 .2 5  %  c a r b o x y m e th y lc e l lu lo s e .  P rio r  to  th e  

in  v iv o  e x p e r im e n ts , to x ic ity  te s ts  w e r e  d o n e  u s in g  f iv e  

u n in f e c te d  m ic e  p e r  g ro u p  th a t w e r e  tr e a te d  o ra lly  o r

i.p . f o r  1 0  d a y s  w ith  1 0 , 5 0  a n d  1 0 0  m g / k g / d ay  o f  th e  

c o m p o u n d s .  S ig n s  o f  to x ic i ty  s u c h  a s  p i lo e r e c tio n ,  

le th a rg y , w e ig h t lo s s  o r  d e a th  w e r e  o b s e r v e d  d a ily . 

D o s e s  th a t w e r e  d e te r m in e d  n o t to  b e  to x ic  to  th e  

u n in f e c te d  m ic e  w e r e  te s te d  in  m ic e  in f e c te d  w ith  th e  

R H  o r  E G S s tra in s .

T r e a tm e n t o f  m ic e  in f e c te d  w ith  R H -s tra in  ta c h y z o ite s  

w a s  in itia te d  2 4  h  a f te r  p a ra s ite  in o c u la tio n . In  m ic e  

in f e c te d  w ith  E G S- s tra in  c y s ts , tr e a tm e n t w a s  s ta rte d  

tw o  d a y s  p o s t in f e c tio n . In  b o th  g ro u p s  tr e a tm e n t 

la s te d  1 0  c o n s e c u tiv e  d a y s . A ll e x p e r im e n ts  in c lu d e d

1 0  in f e c te d  m ic e  p e r  g ro u p . T h e  m ic e  w e r e  o b s e r v e d  

f o r  3 0  d a y s  o f  in f e c tio n  f o r  m o rta l ity  a n d  tim e  to  

d e a th .

St a t is t ic a l  a n a l y s is

D a ta  p lo ttin g  w a s  u s e d  to  d e s c r ib e  th e  e f f e c t o f  c o m 

p o u n d s  in  v it r o .  O p tic a l  d e n s ity  w a s  p lo tte d  a s  a  lo g a 

r ith m ic  f u n c tio n  o f  c o n c e n tr a tio n . F o r  th is , re g re s s io n  

a n a ly s is  w a s  c a lc u la te d  u s in g  M ic ro C a l O r ig in  V e rs io n  

2 .2 4 . T h e  5 0  %  in h ib ito ry  c o n c e n tr a ti o n s  w e r e  c a l c u 

la te d  f r o m  th e  re g r e s s io n  c u rv e s . T h e  to x ic  e f f e c t  o f  

th e  c o m p o u n d s  w a s  a n a ly z e d  u s in g  th e  S tu d e n t’s  t- te s t 

c o m p a r in g  c e l l s  e x p o s e d  a n d  n o t e x p o s e d  to  th e  

d ru g s . Su rv iv a l c u rv e s  w e r e  e v a lu a te d  w ith  th e  K a p la n -  

M e ie r  lo g - r a n k  te s t ( K le in b a u m , 1 9 9 9 ) .

RESULTS

In  v it r o  a c t i v i t y

A G A IN ST IN TRA CELLULA R T . G O N D II REPLIC A TIO N

A
 s ig n i f i c a n t in h i b i to r y  e f f e c t  o n  T o x o p l a s m a  

g ro w th  w a s  s e e n  w ith  th e  p a r a - h y d ro x y n a p h -  

th o q u in o n e s . PH N Q 1, P H N Q 2 ( la p a c h o l) , PH N Q 3, 

P H N Q 4 , P H N Q 5 , P H N Q 6  a n d  P P N Q  ( α - la p a c h o n e )  

p r e s e n te d  i n  v i t r o  a c tiv ity  a g a in s t T. g o n d i i  b e g in n in g  

a t a  c o n c e n tr a tio n  o f  5 p g / m l f o r  th e  f irs t tw o  c o m 

p o u n d s  a n d  1 m g / m l f o r  th e  o th e rs  ( P  <  0 .0 5 ) .  Su lf a 

d ia z in e  p r e s e n te d  a c tiv ity  in  v i t r o  a g a in s t T. g o n d i i  at

264

Compound

Inhibition of I. gondii 

growth IC50 (pg/ml.)

Cell toxicity 

(jig/mL)

PFN Q 1 ♦ 10

PFN Q 2 * 5

PFN Q 3 * 1

O FN Q 1 N D 0,01

O FN Q 2 N D 0,01

O FN Q 3 N D 0,01

PH N Q 1 25,4 5 >  50

PH N Q 2 (L ap ac h o l) 4 ,88 10

PH N Q 3 8,31 > 50

PH N Q 4 37 ,2 0 > 50

PH N Q S 6,31 > 50

PH N Q 6 3,01 > 50

a-L ap ac h o n a 5,75 20

p -L ap ach o n a N D 0,01

* T h e  c o m p o u n d  w as n o t in h ib ito ry  fo r T o x o p las m a  g o n d ii .  

N D  =  n o t d o n e .

T ab le  I. -  In  v it ro  e f f e c t o f  14 n ap h th o q u in o n e s  o n  T o x o p la s m a  

g o n d i i  g ro w th  in h u m an  f ib ro b last 2C 4.

c o n c e n tr a tio n  o f  5 p g / m l ( F ig . 2 ) . T h e s e  re s u lts  w e r e  

c o n f irm e d  in  a s e c o n d  e x p e rim e n t (d a ta  n o t sh o w n ) . Fro m  

th e  r e g r e s s io n  c u rv e  a n a ly s is , IC 50 %  w a s  2 5 ,4 5  p g / m l 

fo r PH N Q 1, 4 ,8 8  p g / m l fo r PH N Q 2, 8,31  p g / m l fo r PH N Q 3, 

3 7 ,2 0  p g / m l f o r  P H N Q 4 , 6 , 3 1 μ g / m l f o r  P H N Q 5 , 

3 ,0 1  p g / m l f o r  P H N Q 6  a n d  5 ,7 5  p g / m l f o r  P P N Q  ( a -  

la p a c h o n e ) .  A ll th e  p a r a - n a p h th o q u in o n e s  w e r e  s e l e c 

te d  f o r  in  v iv o  a s s a y s . P FN Q 1 , P FN Q 2  a n d  P FN Q 3  d id  

n o t p re s e n t a n ti-  T. g o n d i i  a c tiv ity  i n  v it r o .  A ll th e  c o m 

p o u n d s  c la s s i f ie d  a s  O FN Q s  a n d  O P N Q  ( β - la p a c h o n e )  

w e r e  h ig h  to x ic  to  2 C 4  f ib ro b la s ts  ( 1 0 0  %  o f  c e l ls  w e r e  

d e a d  b y  2 4 h s  a f te r  a d d itio n  o f  c o m p o u n d  at a c o n c e n 

tra tio n  o f  0 .0 1  p g / m l.) , a s  e v id e n c e d  b y  th e  m e th y le n e  

b lu e  a s s a y  a n d  a lte r a tio n s  in  c e l l  m o r p h o lo g y . T h e  

p a r a - h y d r o x y n a p h th o q u in o n e s  ( P H N Q s )  a n d  p a r a - fu -  

r a n o n a p h th o q u in o n e s  ( P F N Q s )  h a d  lo w  ( n o  to x ic ity  at 

a  m u c h  h ig h e r  c o n c e n tr a ti o n  o f  th e  d ru g  ≥ 5 0  p g / m l)  

a n d  m e d iu m  ( a  to x ic  e f f e c t w a s  n o te d  w ith  ≥ 1 μ g / m l 

o f  c o m p o u n d )  to x ic ity , r e s p e c tiv e ly . T a b le  I s h o w s  th e  

IC 5 0  f o r  T. g o n d i i  g ro w th  in  2 C 4  f ib r o b la s ts  c u ltu re s  

a n d  th e  m in im u m  c o n c e n tr a tio n  th a t w a s  f o u n d  to x ic  

( m ic r o s c o p i c  e x a m in a tio n  a n d  m e th y le n e  b lu e  a s s a y )  

f o r  th e  m o n o la y e rs .

IN  V IV O  EXPERIM EN TS

D o s e s  o f  1 0 , 5 0  a n d  1 0 0  m g / k g / d a y  o f  l a p a c h o l  

( P H N Q 2 ) , P H N Q 1 , P H N Q 5  a n d  P P N Q  ( a - l a p a c h o n e )  

w e r e  u s e d  f o r  i .p . ( s o d iu m  sa lt o f  th e  c o m p o u n d )  tre a t 

m e n t. D u e  to  its to x ic ity , th e  P H N Q 3  c o m p o u n d  w a s  

u s e d  in  d o s e s  o f  1 0  a n d  2 5  m g / k g / d ay . D o s a g e s  o f  

P H N Q 4  w e r e  1 0  a n d  5 0  m g / k g / d ay  a n d  f o r  P H N Q 6  

th e y  w e r e  2 5 , 5 0  a n d  1 0 0  m g / k g / d ay . F o r  tr e a tm e n t 

v ia th e  o ra l ro u te , all c o m p o u n d s  w e r e  u s e d  in  c o n c e n 

tra tio n s  o f  10 , 5 0  a n d  1 0 0  m g / k g / d ay . A ll e x p e r im e n ts  

in c lu d e d  n o rm a l m ic e  tre a te d  o n ly  w ith  th e  d ilu e n t a n d

Parasite , 2002, 9 , 261 -2 69
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Fig . 2 -  In  v it ro  e f f e c t o f  p a r a -h y d ro x y n ap h th o q u in o n es  PH N Q 1 (A ) , PH N Q 2 ( B ) , PH N Q 3 (C ) , PH N Q 4 (D ), PH N Q 5 (E) , PH N Q 6 (F) , PPN Q  

( G ) , o n  T o x o p las m a  g ro w th . A b so rb an c e  v a lu es in th e  en z y m e- lin k ed  im m u n o so rb en t assay  o f  in fe c te d  c u ltu res w e re  p lo tted  v ersu s th e  

In  o f  th e  c o n c e n tratio n s  o f  d ru g s. (H )  = R e fe re n c e  d ru g : Su lfad iaz in e . C o n tro l =  c u ltu res w ith o u t d ru g .

P a ra s ite , 2 0 0 2 , 9 ,  2 6 1 - 2 6 9
Mémoire 2 6 5
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Fig . 3 -  A ctiv ities o f  d iffe ren t d o se s  o f  PH N Q 4 (A ) , PH N Q 5 

( B  an d  C ) , PH N Q 6 (D  an d  E) in  d issem in e d  ac u te  m u rin e  

to x o p lasm o sis  o ral in fe c tio n  w ith  c y sts o f  th e  EG S strain . 

T reatm e n t w as in itiated  4 8  h  af te r in fe c tio n  an d  w as  c o n ti 

n u ed  fo r 10 d ay s. Fo r p an e l A , C  an d  E th e  d ru g  w as ad m i- 

n istred  o rally  b y  g av ag e  an d  fo r p an e l B  an d  D  th e  d ru g  

w as ad m in iste red  b y  in je c tio n  i.p . T h e re  w e re  10 m ic e  in 

e a c h  ex p e rim en ta l an d  c o n tro l g ro u p .

2 6 6 - Mémoire P a ra s ite , 2 0 0 2 , 9 ,  2 6 1 - 2 6 9



N a p h t h o q u i n o n e s  a g a i n s t  T . g o n d i i

u n tre a te d  in f e c te d  m ic e  a s  c o n tro ls .  T h e r e  w e r e  10 

m ic e  in  e a c h  e x p e r im e n ta l  a n d  c o n tr o l  g ro u p .

A ll th e  in f e c te d  u n tre a te d  c o n tr o l  a n im a ls  d ie d  w ith in  

a p e r io d  o f  f iv e  to  s e v e n  d a y s  w h e n  in f e c te d  w ith  th e  

R H  s tra in  a n d  s e v e n  to  1 0  d a y s  w h e n  in f e c te d  w ith  th e  

E G S s tra in .

N o n e  o f  th e  c o m p o u n d s  a d m in is te re d  e i th e r  o ra lly  o r

i.p  h a d  a n  e f f e c t o n  m ic e  in f e c te d  w ith  th e  R H  s tra in  

( d a ta  n o t s h o w n ) . O ra l o r  i .p . tr e a tm e n t w ith  P H N Q 1 , 

P H N Q 2  ( la p a c h o l )  a n d  P P N Q  ( α - la p a c h o n e )  a t 10, 5 0  

o r  1 0 0  m g / k g / d ay  d id  n o t p ro v id e  s ig n if ic a n t p r o te c 

tio n  a g a in s t d e a th  in  a n im a ls  in f e c te d  w ith  E G S c y s ts  

( d a ta  n o t s h o w n ) . T h e  P H N Q 3  c o m p o u n d  a d m in is te re d

i.p . in  m ic e  in f e c te d  w ith  th e  E G S stra in  p ro lo n g e d  su r 

v iv a l in  o n ly  o n e  ( 1 0  % )  o f  th e  a n im a ls  tr e a te d  w ith  a 

d o s e  o f  1 0  m g / k g / d ay  ( P  =  0 .0 5 6 7 )  ( d a ta  n o t s h o w n ) .  

R e ta rd e d  m o rta lity  w a s  o b s e r v e d  w h e n  P H N Q 4  w a s  

g iv e n  o ra lly  in  a d o s e  o f  5 0  m g / k g / d ay  ( P  =  0 .0 0 0 4 )  

to  m ic e  in f e c te d  w ith  th e  E G S s tra in  ( F ig . 3A ) . Su rv iv a l 

w a s  a ls o  p ro lo n g e d  in  an im als th at re c e iv e d  5 0  m g / kg / d ay  

( P  =  0 .0 0 1 4 )  i .p . o r  1 0 0  m g / k g / d ay  ( P  <  0 .0 0 1 )  o f  

P H N Q 5  a d m in is te re d  a s  a s in g le  o ra l  d o s e  d a ily  f o r  1 0  

d a y s . ( F ig . 3 B  a n d  3 C ) . T h e  re s u lts  o b ta in e d  u s in g  

P H N Q 6  a d m in is te re d  i.p . r e s u l te d  in  p r o lo n g a tio n  o f  

th e  tim e  to  d e a th . In  a n im a ls  in f e c te d  w ith  th e  E G S 

s tra in , tr e a tm e n t w ith  5 0  m g / k g / d ay  o f  P H N Q 6  i .p ., f o r

1 0  c o n s e c u tiv e  d a y s , re s u lte d  in  a p r o lo n g a tio n  u p  to  

3 0  d a y s  ( P  =  0 .0 0 0 4 )  a f te r  th e  c o n c lu s io n  o f  tr e a tm e n t 

( F ig . 3 D ) . A n  o ra l d o s e  o f  ≥ 5 0  m g / k g / d ay  o f  P H N Q 6  

re s u lte d  in  a d d itio n a l f o u r  d a y s  ( P  <  0 .0 0 1 5 )  in  th e  tim e  

to  d e a th  ( F ig . 3 E ) . A  1 0 0  m g / k g / d ay  d o s e  o f  P H N Q 6  

a d m in is te re d  i.p . a p p e a r e d  to  b e  to x ic ,  s in c e  2 0  %  o f  

th e  tr e a te d  m ic e  d ie d  e a r l ie r  th a n  th e  u n tre a te d  m ic e  

( c o n tr o l s ) .

A s w ith  th e  o th e r  n a p h th o q u in o n e s ,  P H N Q 6  d id  n o t 

h a v e  a n  e f f e c t  o n  th e  a n im a ls  in f e c te d  w ith  th e  R H  

s tra in  e v e n  th o u g h  th e  m ic e  tr e a te d  w ith  th is  c o m 

p o u n d  s h o w e d  s ig n a ls  o f  m u r in e  to x ic i ty  ( e .g .  w e ig h t 

lo s s , le th a rg y  a n d  p i lo e r e c t io n )  la te r  th a n  th e  c o n tro ls .

DISCUSSION

O
u r  re s u lts  in d ic a te  th a t th e  P H N Q 4 , P H N Q 5  

a n d  P H N Q 6  c o m p o u n d s  p r e s e n te d  in  v it r o  

a n d  in  v iv o  a c tiv ity  a g a in s t T. g o n d i i .  T h e s e  

c o m p o u n d s , te rm e d  a s  p a r a - h y d ro x y n a p h th o q u in o n e s  

( P H N Q s ) , w e r e  n o t s ig n if ic a n tly  to x ic  to  2 C 4  f ib ro b la s ts  

o r  m ic e  in  a  c o n c e n tr a tio n  th a t in h ib ite d  p a ra s ite  m u l 

tip l ic a tio n . O n  th e  o th e r  h a n d , th e  p a r a - f u r a n o n a p h -  

th o q u in o n e s  ( P F N Q s )  d id  n o t s h o w  a n ti-  T. g o n d i i  a c ti 

v ity  in  v i t r o  e v e n  th o u g h  th e y  p r e s e n te d  m e d iu m  

to x ic i ty  to  2 C 4  f ib ro b la s ts . T h e  o r t h o - f u r a n o n a p h th o -  

q u in o n e s  ( O F N Q s )  w e r e  s ig n if ic a n tly  to x ic  to  h o s t 

c e l ls .

T h e  re s u lts  o f  to x ic ity  te s ts  in  m ic e  in d ic a te  th a t th e  

a d m in is tra tio n  ro u te  is  a n  im p o rta n t f a c to r  in  d e te rm i 

n in g  to x ic ity . A ll th e  c o m p o u n d s  th a t w e r e  te s te d  v ia 

th e  o ra l  r o u te  d u r in g  10  c o n s e c u tiv e  d a y s  d id  n o t 

d e m o n s tra te  a n y  to x ic  e f f e c t in  n o rm a l m ic e . H o w e v e r , 

c o n c e n tr a ti o n s  o f  5 0  a n d  1 0 0  m g / k g / d ay  o f  P H N Q 3  

a n d  1 0 0  m g / k g / d ay  o f  P H N Q 4  a d m in is te re d  i.p . w e r e  

e x tre m e ly  to x ic  to  u n in f e c te d  m ic e , k ill in g  th e m  im m e 

d ia te ly  a f te r  a d m in is tra tio n .

T h e  a d m in is tra tio n  ro u te  n o t o n ly  a f f e c te d  th e  to x ic ity  

o f  th e  c o m p o u n d s , it a ls o  a lte r e d  th e ir  a c tiv ity  in  p r o 

te c tin g  m ic e  a g a in s t d e a th  f ro m  T. g o n d i i  in f e c tio n . 

P H N Q 5  in  a  d o s e  o f  5 0  m g / k g / d ay  i .p . ,  in h ib ite d  

re p l i c a tio n  o f  E G S- s tra in  ta c h y z o ite s  ( P  =  0 .0 0 1 4 )  b u t 

th e  s a m e  a m o u n t a d m in is te re d  o ra lly  d id  n o t h a v e  a n y  

e f f e c t o n  th e  s a m e  s tra in . A s  p re v io u s ly  r e p o r te d , th e  

p H  o f  g a s tr ic  ju ic e s  a n d  s i te s  w ith in  th e  m u c o s a  m a y  

b e  a n  im p o rta n t f a c to r  th a t p o te n tia l ly  a f f e c ts  n a p h 

th o q u in o n e  a c tiv ity  ( K u m ik o  e t  a l . ,  1 9 9 8 ) . In  o n e  s tu d y  

th a t te s te d  th e  a n ti - T , g o n d i i  a c tiv ity  o f  tw o  n a p h th o 

q u i n o n e s  ( N S C 5 2  a n d  N S C 5 5 ) ,  b o th  c o m p o u n d s  

d e m o n s tr a te d  s ig n if ic a n t p r o te c tiv e  a c tiv ity  in  m ic e  

in f e c te d  i.p . o r  o ra lly  w ith  T. g o n d i i .  H o w e v e r , p r o 

te c tio n  w a s  n o te d  o n ly  w h e n  th e  c o m p o u n d s  w e r e  

a d m in is te re d  i.p .,  o ra l a d m in is tra tio n  w a s  n o t e f f e c tiv e  

( K h a n  e t  a l . ,  1 9 9 8 ) .

O f  f u rth e r  in te re s t is  th e  d i f f e r e n c e  th a t e x is ts  b e tw e e n  

th e  p a th o g e n e s is  o f  th e  in f e c tio n  p r o d u c e d  b y  in o c u 

la tio n  o f  ta c h y z o i te s  o r  c y s ts . T h e  i.p . in o c u la tio n  o f  

1 0 3 ta c h y z o i te s  o f  th e  R H  s tra in  re s u lte d  in  a f u lm in a n t 

in f e c tio n  w ith  a la rg e  n u m b e r  o f  ta c h y z o ite s  b e in g  p r o 

d u c e d  in  th e  p e r ito n e a l  c a v ity  o f  a ll th e  p o s itiv e  c o n tro l 

an im a ls . In  c o n tra s t, m ic e  in f e c te d  b y  u s in g  a n  o ra l in o 

c u lu m  o f  1 0  c y s ts  o f  th e  E G S stra in  p r o d u c e d  a n  in f e c 

tio n  th a t p ro g re s s e d  m o re  s lo w ly . H o w e v e r , o ra l in f e c 

tio n  w ith  c y s ts  o r  o o c y s ts  m a y  b e  m o re  a p p r o p r ia te  to  

s im u la te  a n a tu ra l in f e c tio n .

T h e  re s u lts  d e m o n s tra te  s ig n if ic a n t d i f f e r e n c e s  in  s u s 

c e p tib i l ity  to  in f e c tio n  w ith  T o x o p l a s m a  b e tw e e n  th e  

tw o  T. g o n d i i  s tra in s  a n a ly z e d . It a p p e a r s  th a t e a c h  

s tra in  h a s  in tr in s ic  c h a r a c te r is tic s  th a t c o n tr ib u te  to  its 

v iru le n c e . T h e  T. g o n d i i  R H  s tra in  c a u s e  s ig n if ic a n tly  

h ig h e r  le v e ls  o f  p a ra s ite m ia  ( D e r o u in  &  G a rin , 1 9 9 1 ) .  

T h is  h ig h  p a ra s ite m ia  m a y  in c r e a s e  th e  s e v e r ity  o f  

in f e c tio n  a n d  m a y  b e  c ru c ia l in  in f lu e n c in g  th e  e f f ic a c y  

o f  o u r  a n ti-  T o x o p l a s m a  th e ra p y .

T h e  m e c h a n is m  o f  a c tio n  o f  P H N Q 4 , P H N Q 5  a n d  

P H N Q 6  a g a in s t T o x o p l a s m a  h a s  n o t y e t b e e n  in v e s ti 

g a te d . H o w e v e r , th e  h y d r o x y n a p h th o q u in o n e s  a p p e a r  

to  a c t a s  p o te n t in h ib ito rs  o f  th e  r e d o x  p r o c e s s e s  in  

th e  re s p ira to ry  c h a in . It h a s  b e e n  s h o w n  th a t s e v e ra l  

n a tu ra l a n d  s y n th e tic  n a p h th o q u in o n e s  e x h ib it a n ti 

p r o to z o a l  a c tiv ity  b y  th e  g e n e r a tio n  o f  a c tiv e  o x y g e n  

s p e c ie s  s u c h  as  h y d ro x y l ra d ic a l ( *O H )  a n d  s u p e ro x id e  

a n io n  ( 0 2 )  th a t c a u s e  th e  l ip id  p e r o x id a tio n  a n d  a lte 

r a tio n s  in  th e  e le c tr o n  tra n s p o rt w ith  in h ib itio n  o f  th e
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p a ra s ite  re s p ira tio n  ( M o re llo ,  1 9 8 8 ; D o c a m p o  e t  a l . ,  

1 9 7 8 ) .

In  l ig h t o f  th e  p r o b le m s  c a u s e d  b y  to x o p la s m ic  in f e c 

tio n , p a rtic u la r ly  a m o n g  A ID S p a tie n ts , a  c o n tin u e d  

s e a r c h  f o r  n e w  c o m p o u n d s  a n d  n e w  th e r a p e u t i c  

a p p r o a c h e s  f o r  tr e a tm e n t o f  o p p o r tu n is tic  in f e c tio n s  

c a u s e d  b y  T. g o n d i i  is  c le a r . T h e  p re s e n t stu d y  d e m o n s 

tra te s  th a t p a r a - n a p h th o q u in o n e s  a re  e f f e c tiv e  in  in h i 

b itin g  r e p l i c a tio n  o f  th e  R H  s tra in  o f  T. g o n d i i  in  c e ll  

c u ltu r e s  a n d  s u g g e s t th a t p a r a - h y d r o x y n a p h th o q u i -  

n o n e s  m a y  a ls o  b e  e f f e c tiv e  a g a in s t th e  p a ra s ite  in  v iv o .  

F u rth e r  r e s e a r c h  s h o u ld  f o c u s  o n  e v a lu a tio n  o f  th e s e  

p a r a - h y d r o x y n a p h th o q u in o n e s  c o m p o u n d s . A d d itio 

n a lly , s tu d ie s  m u s t b e  c o n d u c te d  to  d e te r m in e  w h e 

th e r  s y n e rg ic  e f f e c ts  a re  o b s e r v e d  w h e n  th e s e  c o m 

p o u n d s  a r e  a d m i n i s t e r e d  w i th  o t h e r  e f f e c t i v e  

c o m p o u n d s .
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