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Fig. 1. HeLa cell culture infected with Trypanosoma cruzi, Y strain, incubated with Ro 7-1051, at a concentration of 100 [xg/ml, for 24 h, at 
37~ Note the rounding of the amastigote forms. Giemsa stain, x 500. Fig. 2. HeLa cell culture infected with Trypanosoma cruzi, Y strain. 
48 h incubation at 37~ with Ro 7-1051, at a concentration of 100 ~zg/ml. Note the karyorrhexis and lysis of the parasites within the host cell 
(arrows). Giemsa stain, x 500. Fig. 3. Control culture of HeLa cells infected with Trypanosoma cruzi, Y strain. Note the numerous, highly 
infected cells. Giemsa stain. • 500. Fig. 4. HeLa cell culture infected with Trypanosoma cruzi, Y strain (metaeyelic form, incubated with 
Ro 7-1051 at a concentration of 100 [zg/ml for 24 h at 37 ~ Incubation at 37 ~ for 4 days. Note the scarcity and degeneration of parasites 
(arrows). Giemsa stain, x 190. Fig. 5. Control culture of HeLa cells infected with Trypanosoma cruzi, Y strain. Incubated at 37 ~ for 4 days. 
Note the large number of infected cells, each cell containing numerous parasites. Giemsa stain, x 190. 

t h e n  cen t r i fuged  a t  2,500 r p m  for 15-20 min  an d  t h e  
pel le ts  b o t h  r e suspended  a n d  washed  in H a n k s - W a l l a c e  
so lu t ion  a n d  recen t r i fuged .  The  pel le ts  were a d d e d  to  
H e L a  cells, cu l tu red  in f lasks c o n t a i n i n g  f loa t ing  cover-  
slip slides, 1.5 ml  of n u t r i e n t  m e d i u m  w i t h o u t  t he  d rug  
was a d d e d  to each  f lask and  t he  flasks i n c u b a t e d  for 1, 2, 
3 or 4 days.  
Af ter  i ncuba t ion ,  the  slides were washed  w i t h  b a l a n c e d  
saline,  f ixed w i t h  Bou in ' s  so lu t ion  for 15 ra in  a n d  s t a i n ed  
w i t h  G iemsa  s ta in .  C0nt ro l  cul tures ,  w i t h o u t  t he  drug,  
were r u n  c o n c u r r e n t l y  a n d  a t  leas t  10 slide p r e p a r a t i o n s  
of each  e x p e r i m e n t a l  g roup  were se t  up. 
Results. W i t h i n  24 h of i n c u b a t i o n  (figure 1), t he  p r epa ra -  
t ions  f rom t h e  f i rs t  g roup  showed an  ear ly  t e n d e n c y  to  
r o u n d i n g  of t he  a m a s t i g o t e  forms,  a n d  a f t e r  48 h incu-  
b a t i o n  (figure 2), showed  pyknos is ,  k a r y o r r h e x i s  a n d  lysis 
of t he  paras i tes .  I n t e n s i t y  of effect  va r i ed  accord ing  to in-  
c u b a t i o n  t i m e  and  dosage of Ro 7-1051. 
Slide cu l tu res  p rev ious ly  t r e a t e d  w i t h  a dose of 100 ~g/ 
ml,  a n d  i n c u b a t e d  for 4 days,  showed  v e r y  few paras i tes ,  
t hose  p r e s e n t  be ing  h igh ly  degenera te .  
The  con t ro l  cu l tu res  showed  p l e n t y  of h igh ly  in fec ted  
cells w i t h  no signs of degene ra t i on  of cells or pa ra s i t e s  
(figure 3). 
The  in fec ted  cells f rom the  second group  p r e p a r a t i o n s  
(figure 4) c o n t a i n e d  fewer pa ras i t e s  c o m p a r e d  to t he  con-  
t ro ls  (figure 5) and  mos t  of these  pa ras i t e s  showed de- 
gene ra t ive  signs. The  i n t e n s i t y  of d e g e n e r a t i o n  va r i ed  
accord ing  to  t he  c o n t a c t  t ime  b e t w e e n  t he  pa ra s i t e  a n d  t h e  
drug.  

Discussion. Rich le  12 d e m o n s t r a t e d ,  in in fec ted  mice, t h a t  
Ro 7-1051 acts  on  T r y p a n o s o m a  cruzi  b y  p r o m o t i n g  com- 
p le te  d e s t ru c t i o n  of the  p s e u d o c y s t  form.  Similar ly ,  our  
resu l t s  show t h a t  th i s  2-n i t ro imidazole  d e r i v a t i v e  caused  
de le te r ious  effects on t h e  in t r ace l lu l a r  forms of t h e  pa ra -  
site, even  a t  a dose as low as 10 ~g/ml.  T h e  degene ra t i ve  
signs were s imi lar  to  those  descr ibed  b y  B r e n e r  16 in 
T r y p a n o s o m a  cruzi  in fec ted  ch ick  e m b r y o  t issue cu l tures ,  
in  w h i c h  the  a m a s t i g o t e  forms showed nuc lea r  pyknos i s  
an d  f r a g m e n t a t i o n  an d  e v e n t u a l  lysis, w h e n  s u b m i t t e d  to 
t h e  ac t ion  of n i t r o f u r a n  compounds ,  a n d  p h e n a n t h r i d i n e  
de r iva t ives .  
In  add i t ion ,  the  resu l t s  of t h e  p r e - i n c u b a t i o n  of t h e  m e t a -  
cyclic fo rms  w i t h  t h e  drug,  suggests  an  ac t ion  on  t h e  ex- 
t r ace l lu la r  forms of t h e  paras i te ,  b y  reduc ing  t h e  ab i l i ty  
of t h e  pa ra s i t e  t o  infec t  t h e  cell. 
Conclusion. The  d rug  Ro 7-1051 showed dele ter ious  effects 
on  t h e  in t r ace l lu l a r  fo rms  of T r y p a n o s o m a  cruzi,  repre-  
sen ted  b y  nuc lea r  pyknos is ,  f r a g m e n t a t i o n  an d  lysis of t he  
paras i tes ,  a t  doses as low as 10 ~xg/ml. A t  h igher  doses, up  
to  100 ~tg/ml, t h e  d rug  a p p e a r e d  to h a v e  no  h a r m f u l  effect  
on  t h e  cells, on ly  on  the  paras i tes .  Resu l t s  also sugges t  an  
ac t ion  of t h e  d rug  on t h e  ex t r ace l lu l a r  fo rms  of t h e  pa-  
rasi te ,  as d e m o n s t r a t e d  b y  t h e  r educed  ab i l i ty  of t he  
pa ra s i t e  to  infec t  t h e  cell. 

16 Z. Brener, Ann. trop. Med. Parasit. 60, 445 (1966). 
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Summary. Elec t ron  mic roscopy  of t he  l iver  of m e t h o t r e x a t e - t r e a t e d  psor ia t i c  p a t i e n t s  revea led  j u n c t i o n a l  a b n o r m a l i t i e s  
cons i s t ing  of d e t a c h m e n t  of de smosoma l  p l aques  b e t w e e n  hepa tocy te s .  M i t o c h o n d r i a  a n c h o r i n g  desmosomal  micro-  
f i l amen t s  were f r e q u e n t l y  noted .  

Whi le  s t u d y i n g  t he  f ine s t r u c t u r a l  changes  m t h e  l iver  
of a psor ia t i c  p a t i e n t  t r e a t e d  w i t h  t he  folic acid a n t a g o n i s t  
m e t h o t r e x a t e  (MTX),  a m a r k e d  a b n o r m a l i t y  of des- 
mosomes  was no ted .  The  lesion cons is ted  of t he  separa -  

t i o n  of j u n c t i o n a l  surfaces  an d  a c c u m u l a t i o n  of micro-  
f i l amen t s  a t  t he  cy top l a smic  aspec t  of d e s m o s o m a l  p laques .  
Of ten ,  a d j a c e n t  m i t o c h o n d r i a  a p p e a r e d  to  a n c h o r  t he  
mi c ro f i l amen t s  of desmosomes ,  be ing  in d i rec t  c o n t a c t  
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wi th  them.  In  order  to shed some l ight  on the  incidence 
and  morphogenes is  of th is  phenomenon ,  un repor t ed  so 
far to our  knowledge,  l iver  b iopsy  spec imens  of M T X -  
t r e a t ed  psoriat ic  pa t i en t s  were reviewed by  electron 
microscopy  and  compared  wi th  those  ob ta ined  f rom 
pa t i en t s  wi th  o the r  condi t ions .  

50 liver b iops ies  of psor ia t ic  pa t i en t s  t r e a t ed  wi th  M T X  
for a per iod f rom a few weeks up to  15 years,  25 biopsies 
of sub jec t s  wi th  hype r l i pop ro t e inemia  or alcoholic liver 
disease and  10 addi t iona l  biopsies showing min imal  or no 
pa tho logy  have  been  s tudied.  Liver  biopsies have  been 
ob ta ined  wi th  the  Menghini  needle.  Specimens  were 
p repa red  for t ransmiss ion  e lec t ron microscopy  by  using 
conven t iona l  t echniques .  
In  add i t ion  to  I to-cel l  hyperp las ia  ~,~ nuclear  changes,  
p rominence  of Golgi appa ra tu s  and  a wide va r i e ty  of 
mi tochondr ia l  a l t e ra t ions  4, t he  mos t  conspicuous f inding 
was the  d e t a c h m e n t  of desmosomes  in 25 of the  50 
biopsies  ob ta ined  f rom M T X - t r e a t e d  psoriat ic  subjects .  
In  these,  m a n y  or prac t ica l ly  all m e m b r a n e  sites wi th  
desmosomal  special izat ion appeared  to  be pul led apart .  
The gap be tween  the  junc t iona l  surfaces increased f rom 
250-275 ~k found in una l te red  desmosomes ,  up to  1200/k 
(figure 1). The dense microf i l aments  a t t a c h e d  to  the  
desmosomal  p laques  f r equen t ly  were in con tac t  w i th  and 
anchored  by  mi tochondr ia .  A t  t he  p o i n t  of con tac t  the  
outer  mi tochondr ia l  m e m b r a n e  c o m m o n l y  became  in- 
d i s t inc t  or unrecognizable .  A few microf i laments  appeared  
to be cont inuous  wi th  the  inner  mi tochondr ia l  co mp a r t -  
men t .  The junc t iona l  abnormal i t i es  were regular ly  
accompanied  by  the  widening  of per icanal icular  ec top lasm 

Fig. 1. Detached desmosome with mitochondria anchoring the des- 
mosomal filaments. The density of the filamentous layer appears to 
be higher than that normal desmosomes. Liver biopsy of a patient 
treated with MTX. • 49,700. 
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Fig. 2, Association of desmosomal filaments and mitochondr~a 
(arrowheads) in normal maculae adhaerentes of a psoriatic patient 
treated with MTX. • 22,500. 

Fig. 3. High power view of a desmosome-mitochondrion contact in the 
l~ver of a MTX-treated patient, x 58,300, 
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and  a b u n d a n c e  of m i c r o f i l am en t s  in  these  zones. The  
cell m e m b r a n e s  were, however ,  closely apposed  a n d  no  
a l t e r a t i ons  were seen in  j unc t i ons  o the r  t h a n  desmosomes .  
I n  t he  r e m a i n i n g  m a t e r i a l  a m o n g  t he  l ivers  of 35 p a t i e n t s  
rece iv ing  no MTX,  d e t a c h e d  d e s m o s o m e s  were n o t e d  on ly  
in  one (hyper l ipopro te inemia ) .  However ,  t he  assoc ia t ion  
b e t w e e n  m i t o c h o n d r i a  and  m i c r o f i l am en t s  of s t r u c t u r a l l y  
u n a l t e r e d  desmosomes  ha s  b e e n  read i ly  obse rved  in t h e  
M T X - t r e a t e d  (figures 2 a n d  3) as well as u n t r e a t e d  groups.  
The  f ind ings  ind ica te  t h a t  d e t a c h m e n t  of d e s m o s o m a l  
p laques  is a ra re  j u n c t i o n a l  a b n o r m a l i t y ;  t h a t ,  however ,  
is r a t h e r  p r e v a l e n t  in  t h e  l iver  t i ssue  of M T X - t r e a t e d  
psor ia t i c  subjects .  D i rec t  c o n t a c t  be t w een  m i t o c h o n d r i a  
and  f i l amen t s  of s e p a r a t e d  desmosomes  was cons ide rab ly  
more  f r e q u e n t  t h a n  in t h a t  of n o r m a l  m acu l ae  a d h a e r e n t e s  
of t he  h u m a n  liver.  T he  assoc ia t ion  of m i t o c h o n d r i a  
w i t h  desmosomes  is c o m m o n l y  no t i ceab le  in c e r t a i n  
n o r m a l  5 and  a b n o r m a l  6 t issues,  sugges t ing  t h a t  mi to -  
c h o n d r i a  ac t ive ly  p a r t i c i p a t e  in  t he  f o r m a t i o n  a n d / o r  

func t i on  of a d h a e r e n t  j unc t ions .  Since f ine s t r u c t u r a l  
ev idence  of m i t o c h o n d r i a l  i n j u r y  is c o m m o n l y  found  in  
the  l iver  ceils of M T X - t r e a t e d  subjec ts ,  i t  is r ea sonab le  
to  suppose  t h a t  m i t o c h o n d r i a l  f unc t i on  is also impai red .  
M T X  is k n o w n  to  in te r fe re  w i t h  nucleic  acid m e t a b o l i s m  L 
I n  a d d i t i o n  to  nuc lea r  D N A  a n d  RNA,  t h e  m i t o c h o n d r i a l  
genet ic  m a t e r i a l  m a y  also be  a t a r g e t  of th i s  toxic  effect  
poss ib ly  r e su l t ing  in q u a n t i t a t i v e  and  q u a l i t a t i v e  changes  
of t h e  syn thes i s  of m i t o c h o n d r i a l  nucleic  acids a n d  pro-  
teins.  The  r e l a t i on  of m i t o c h o n d r i a l  i n j u r y  to t he  s t ruc-  
t u r a l  a n d  poss ib ly  f u n c t i o n a l  a l t e r a t i ons  of d e s m o s o m a l  
a t t a c h m e n t s  r e m a i n s  to  be  e luc ida ted .  
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Res. 32, 853 (1972). 
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Summary. A b n o r m a l - d S - t e t r a h y d r o c a n n a b i n o l  (ABN-AS-THC) failed to el ici t  c en t r a l  n e r v o u s  s y s t e m  and  card io-  
vascu la r  effects  in  l a b o r a t o r y  animals .  A b n o r m a l - c a n n a b i d i o l  (ABN-CBD)  was also devo id  of ove r t  b e h a v i o r a l  effects  
b u t  p roduced  m a r k e d  h y p o t e n s i o n  w i t h  on ly  s l ight  b r a d y c a r d i a  in anes thes ized  dogs. 

A n u m b e r  of n a t u r a l l y - o c c u r r i n g  c o n s t i t u e n t s  of mar i -  
h u a n a ,  inc lud ing  c a n n a b i d i o l  (CBD), AS- te t r ahydrocan-  
n a b i n o l  (AS-THC) a n d  A ~  (Ag-THC) 
h a v e  been  t e s t ed  for  t he i r  ab i l i t y  to  p roduce  cannab i s - l ike  
pha rmaco log i ca l  effects.  The  l a t t e r  2 c o m p o u n d s  h a v e  
been  found  to  be t he  p r i m a r y  p s ychoac t i ve  c o m p o u n d s  
whi le  CBD is m u c h  less ac t ive  as a b e h a v i o r a l  agent .  
Syn thes i s  a n d  t e s t i ng  of ana logues  of these  n a t u r a l l y -  
occur r ing  c o m p o u n d s  ha s  p r o v i d e d  i n f o r m a t i o n  r ega rd ing  
t he  s t r u c t u r a l  r e q u i r e m e n t s  for  c a n n a b i n o i d  ac t iv i ty .  I n  a 
r ecen t  rev iew of t he  l i t e ra tu re ,  M e c h o u l a m  et  al. 4 pre-  
sen ted  a s u m m a r y  of s t r u c t u r e - a c t i v i t y  r e l a t ionsh ips  
wh ich  showed  t he  i m p o r t a n c e  of a free phenol ic  g roup  a n d  
a n  a lkyl  side cha in  for  b e h a v i o r a l  a c t i v i t y  (figure). To 
d e t e r m i n e  w h e t h e r  t he  pos i t ions  of these  groups  were  
r e l e v a n t  for pha rmaco l og i ca l  ac t iv i ty ,  ABN-AS-THC a n d  
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A B N - C B D  were syn thes i zed  accord ing  to a r ecen t ly  re- 
p o r t e d  p rocedure  5,6. These  nove l  ana logs  differed f rom 
the  n a t u r a l  c a n n a b i n o i d s  in  t h a t  the  phenol ic  h y d r o x y l  
g roup  was t r a n s p o s e d  w i t h  t h e  p e n t y l  s idecha in  (figure). 
The  purpose  of t he  p r e s e n t  s t u d y  was t o  eva lua t e  these  
a b n o r m a l  c o m p o u n d s  for c a n n a b i n o i d  ac t iv i ty .  
Methods. The  ab i l i t y  of these  c o m p o u n d s  to  p roduce  s t a t i c  
a t a x i a  (an effect  u n i q u e  to  p s y c h o a c t i v e  cannab ino ids )  
and  o t h e r  cha rac t e r i s t i c  b e h a v i o r a l  effects  was e x a m i n e d  
in mongre l  dogs of e i t he r  sex (8-12 kg). The  effects  of 
c a n n a b i n o i d s  on  behav io r ,  s e m i q u a n t i t a t e d  as p rev ious ly  
descr ibed  b y  M a r t i n  e t  aL% were obse rved  for 30 m i n  
fol lowing i.v. a d m i n i s t r a t i o n .  3 obse rvers  i n d e p e n d e n t l y  
r a t e d  t h e  b e h a v i o r  of each  dog, and  t h e  means  of t he  
m a x i m u m  scores were recorded.  
The  effects  of c a n n a b i n o i d s  on  s p o n t a n e o u s  m o t o r  a c t i v i t y  
were assessed in Swis s -Webs te r  mice (Dubl in  F a r m s ,  
20-25 g) a f te r  a n  i.p. i n j ec t ion  of e i the r  vehicle  or  drug.  
90 min  a f te r  t he  in jec t ion  mice  were p l a t e d  in pho toce l l  
a c t i v i t y  c h a m b e r s  (2 mice  pe r  chamber ) ,  and  a f t e r  a 
10 -min -o r i en t a t ion  t o t a l  c o u n t s  were o b t a i n e d  for a 15- 
rain-period.  U n c o r r e l a t e d  sample  means  were c o m p a r e d  
s t a t i s t i ca l ly  b y  app ly ing  S t u d e n t ' s  t - tes t .  Ca rd iovascu la r  
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