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Antimalarial  Activity of Natural ,  Racemic and Unnatural  Dthydroquinine,  Dihydroquinidine and 
Their Various Racemic Analogs  in Mice Infected with Plasmodium berghei 

The  re la t ionship  b e t w e e n  chemical  s t ruc tu re  and  ant i -  
malar ia l  ac t iv i ty  in t he  series of Cinchona alkaloids has  
t hus  far  deal t  only  wi th  mater ia l s  ob ta ined  f rom na tu r a l  
sources and  the i r  modi f ied  der iva t ives  1. Recen t  effor ts  
have  resu l ted  in m u c h  i m p r o v e d  to ta l  syn theses  % 3 and  
quan t i t i e s  of  Cinchona  alkaloids w i th  u n n a t u r a l  configu- 
r a t i on  b e c a m e  avai lable  for t h e  f i rs t  t ime .  In  th is  pape r  we 
would  like to  r epo r t  t h e  an t imala r i a l  a c t i v i t y  of b o t h  en- 
an t iomers  4 and  the  r a c e m a te  5 of d ihyd roqu in ine  (II)e and  
d ihydroqu in id ine  (III)  6 in mice  in fec ted  w i t h  Plasmodium 
berghei and  t e s t ed  in form of the i r  w a t e r  soluble hemisu l -  
fates.  The  compar i son  has  been  carr ied ou t  w i th  t h e  classi- 
cal an t ima la r i a l  qu in ine  (I) as i ts  hydrochlor ide .  

The r acema te s  of d ihydroqu in ine  and  d ihydroqu in id ine  s 
were  p repa red  in ana logy  to  the  m e t h o d  descr ibed  for t he  
t o t a l  syn thes i s  of qu in ine  and  quin id ine  2. Opt ica l  resolu- 
t ion  using ( - ) - ta r ta r ic  acid as resolving agen t  gave in each 
case t he  pure  u n n a t u r a l  e n a n t i o m e r  4. 

Biologival method. The  P. berghei s t ra in  has been  kep t  in 
t he  l abo ra to ry  for 9 years  t h r o u g h  weekly b lood  passages  
in mice. In  t he  descr ibed expe r imen t s ,  male  a lbino mice  
weighing 18-20 g were  inocula ted,  b y  t h e  i.p. route ,  w i t h  
10 mil l ion in fec ted  red  b lood cells. The  pe rcen tage  of in- 
fected cells was  d e t e r m i n e d  by  coun t ing  300-400 unselec t -  
ed red cells in blood smears  s t a ined  b y  the  Giemsa  
m e t h o d  and  t h e  n u m b e r  of red cells pe r  cubic mi l l ime te r  
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Table I. Antimalarial activity and acute toxicity of racemic dihydroquinine and racemic dihydroquinidine and their enantiomers 

Compound LDbo i.p. 7 in mice (mg/kg) Activity against 
Plasmodium berghei 
p.o. in mice (MED mg/kg) 

Quinine hydroehloride (I) 
Dihydroquinine hemisulfate (II) 
Enantiomer of II hemisulfate 
Racemate of II hemisulfate 
Dihydroquinidine hemisulfate (III) 
Enantiomer of III hemisulfate 
Racemate of III hemisulfate 

210 4. 8 200 
210 4- 12 200 
210 4. 5 200 
225 4. 5 200 
192 4- 2 50 
94 4. 5 50 

128 :k 3 50 

Table II. (q-)-Dihydroquinine analogs 

R~, R 7, R s, Salt LD~0, i.p. in mice 
(mg/kg) 

Activity in mice vs. 
Plasmodium berghei 
?,lED (mg/kg) 

CH30 

CHsO 
CHa 
C1 

Ct 
Quinine 

CH~O 
CHsO 

C1 
CI 

HzSO ~ 225 4- 5 
2HC1 192 4- 7 
2HC1 240 4- 5 
2HCt 196 ~: 9 
2HCl 186 4- 5 
2HCI 195 4- 10 
2He1 310 4. 30 
2HC1 210 4- 8 

200 
200 
i00 
not active 
100 
50 

200 
200 
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in t h e  b lood  pool  d e t e r m i n e d  b y  m e a n s  of a N e u b a u e r  
c h a m b e r .  

T h e  i n o c u l a t e d  mice  were  d iv ided  in g roups  of 8 a n i m a l s  
a n d  rece ived  4 consecu t ive  da i ly  ora l  doses of t h e  d rugs  in  

v i t y  of n a t u r a l  qu in ine .  T h e  p o t e n t i a l  of ( + ) - 6 ' - d e m e t h -  
o x y - 7 ' - c h l o r o - d i h y d r o q u i n i n e  as a n  a n t i m a l a r i a l  a n d  t h e  
poss ible  ca rd iac  a c t i v i t y  of t h e  c o r r e s p o n d i n g  d i h y d r o -  
qu in id ine  i somer  a re  be ing  s tudied .  

Table III. (~)-Dihydroquinidinc analogs 

1~, R~, R s, Salt LD~0, i.p. in mice Activity in mice vs. 
(mg/kg) Plasmodium berghei 

MED (mg/kg) 

CHaO H2SO 4 128 :~: 3 50 
CHsO 2HCI 195 zkz 6 100 

CH~O CH~0 2HC1 220 ~ 5 100 
CH 3 2HC1 174 ziz 11 200 
C1 2HC1 132 :~z 4 100 

C1 2HC1 240 ~ 9 50 
CI C1 2HC1 260 :~z 15 200 
Quinine 2HCI 210 :k 8 200 

t h e  d i f f e ren t  des i red  c o n c e n t r a t i o n s .  T r e a t m e n t  s t a r t e d  on  
t h e  d a y  fo l lowing inocu la t ion .  On  t h e  5 th  d a y  of in fec t ion  
s m e a r s  were  pe r fo rmed ,  s t a i n e d  b y  t h e  G i e m s a  m e t h o d  
and ,  t hen ,  50 mic roscop ica l  f ields were  e x a m i n e d  w i t h  a 
× 8  eyepiece  a n d  × 100 oil i m m e r s i o n  ob jec t ive .  T h e  

m i n i m u m  ef fec t ive  dose  (MED) h a s  been  cons ide red  t h e  
lowes t  dose  t h a t  keeps  t h e  b lood  of t h e  i n o c u l a t e d  a n i m a l s  
f ree  of p a r a s i t e s  on  t h e  5 t h  d a y  of i nocu la t ion .  A t  l eas t  2 
ser ies  of  t e s t s  were  p e r f o r m e d  for  e a c h  c o m p o u n d  a n d  
u n t r e a t e d  con t ro l s  were  n o r m a l l y  used  in a l l  e x p e r i m e n t s .  
T h e  re su l t s  o b t a i n e d  w i t h  t h e  c o m p o u n d s  a re  l i s ted  in  
T a b l e  I .  

N a t u r a l ,  u n n a t u r a l  a n d  r acem i c  d i h y d r o q u i n i n e  a re  
equa l ly  ac t ive  a g a i n s t  P. berghei a n d  a t  levels  c o m p a r a b l e  
to  t h a t  of qu in ine ,  T h e  c o r r e s p o n d i n g  e n a n t i o m e r i c  fo rms  
of d i h y d r o q u i n i d i n e  also show iden t ica l  ac t iv i t i e s  w h i c h  
are  a p p r o x i m a t e l y  four  t i m e s  h i g h e r  t h a n  t hose  of d ihy-  
d roqu in ine .  However ,  in  c o n t r a s t  to  t h e  equa l  tox ic i t i es  of 
e n a n t i o m e r i c  d i h y d r o q u i n i n e s ,  u n n a t u r a l  d i h y d r o q u i n i -  
d ine  is a p p r o x i m a t e l y  twice  as  tox ic  as t h e  n a t u r a l  e n a n -  
t iomer .  T h e  non-spec i f i c i ty  of t h e  t w o  C inchona  a lka lo ids  
in  t h i s  a n t i m a l a r i a l  sc reen ing  is r e m a r k a b l e .  O t h e r  a lka-  
loids t h u s  far, i nc lud ing  t h e  c lass ical  ameb ic ide  n a t u r a l  
emet ine ,  h a v e  s h o w n  h i g h  s t e reose lec t iv i ty  w i t h  r e g a r d  to  
t h e i r  ab so lu t e  c o n f i g u r a t i o n  8. 

W e  h a v e  n o w  e x t e n d e d  o u r  i n v e s t i g a t i o n  to  inc lude  
d i h y d r o q u i n i n e  a n d  d i h y d r o q u i n i d i n e  ana logs  w i t h  
v a r i e d  s u b s t i t u t i o n  p a t t e r n s  in  t h e  a r o m a t i c  r ing.  T he  
r a c e m a t e s  of t he se  c o m p o u n d s  a re  r ead i ly  a v a i l a b l e  b y  
t o t a l  s y n t h e s i s  2 a n d  t h e  v a l i d i t y  of t h e i r  i n v e s t i g a t i o n  
for  a n t i m a l a r i a l  a c t i v i t y  is c lea r ly  i n d i c a t e d  f rom o u r  
d e m o n s t r a t i o n  t h a t  t h e  a b s o l u t e  con f i gu r a t i ons  of t h e  
p a r e n t  c o m p o u n d s  a re  n o t  a f a c t o r  in  t h e  Plasmodium 
berghei tes t .  Consequen t ly ,  w a t e r  so luble  sa l t s  of t h e  
r a c e m a t e s  of t he se  d e r i v a t i v e s  8 were  t e s t e d  b y  t h e  
a b o v e  m e t h o d ,  a n d  t h e  r e su l t s  o b t a i n e d  w i t h  t h e  (4-)-  
d i h y d r o q u i n i n e  a n d  t h e  ( 4 - ) - d i h y d r o q u i n i d i n e  ana logs  a re  
l i s ted  in Tab le s  I I  a n d  I I I  respec t ive ly .  

Conclusions. Of t h e  va r i ous  ( 4 - ) - d i h y d r o q u i n i n e  a n d  
d i h y d r o q u i n i d i n e  d e r i v a t i v e s  p repa red ,  t he  two  6"-demeth-  
oxy-7 ' - ch lo ro  ana logs  were  m o s t  ac t ive  in t h e  Plasmo- 
dium berghei tes t ,  showing  4 t i m e s  t h e  a n t i m a l a r i a l  ac t i -  

Zusammen/assung. R a c e m i s c h e s  D i h y d r o c h i n i n  u n d  die 
b e i d e n  o p t i s c h e n  A n t i p o d e n  zeigen die gleiche A k t i v i t i i t  
gegen Plasmodium berghei wie Chin in .  H i n g e g e n  w a r e n  die 
e n t s p r e c h e n d e n  D i h y d r o c h i n i d i n e  sowie die  6" -Desmeth-  
o x y - 7 ' - c h l o r - A n a l o g e n  y o n  D i h y d r o e h i n i n  u n d  D i h y d r o -  
c h i n i d i n  e t w a  v i e r m a l  w i rksamer .  
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