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s u b s t i t u e n t  a t  t he  3 ' -pos i t ion  of t h e  p y r i m i d o n e  or imi-  
dazo l id inone  ring.  T he  effect  of such  s u b s t i t u t i o n  on 
schis tosomic idaI  ac t ion  is s h o w n  in t a b l e  2. I n  t he  pyr i -  
m i d o n e  series, t he  u n s u b s t i t u t e d  compound ,  t h e  3-me- 
t h o x y m e t h y l ,  t he  3-e thyl  and  t he  3-n-propyl  de r iva t i ve s  
were t he  m o s t  act ive,  whereas  t he  3-e thyl  and  3-acetyl  
were t he  bes t  of the  imidazo l id inone  series. The  i n a c t i v i t y  
of t he  3 -ace ty lpy r imidone  a n d  t he  3-n-propyl imidazol id i -  
none  m a d e  a n y  cor re la t ion  for t he  2 series diff icul t  to  
conceive.  
I n  all  tests ,  t h e  l e t h a l i t y  of t he  c o m p o u n d  was judged  b y  
t h e  n u m b e r  of dead  or dy ing  sch is tosomes  e n c a p s u l a t e d  
w i t h i n  t he  s u b s t a n c e  of t he  hos t  liver,  c o m p a r e d  to t he  
t o t a l  n u m b e r  of worms  found  in t he  l iver  a n d  p o r t a l  
s y s t e m  a f t e r  per fus ion  a n d  e x a m i n a t i o n  of a l iver  s q u a s h  
p repa ra t i on .  
The  m o s t  ac t ive  c o m p o u n d s  h a v e  been  g iven  to in fec ted  
mice  as single oral  doses r ang i ng  f rom 300 to 1000 mg/kg.  
The  pe rcen t age  kill  of sch is tosomes  was l inear  w i t h  respec t  
to  log10 dose, and  t he  fol lowing EDs0 resul t s  were ob- 
t a i n e d  (compound  I) :  1 - (5 -n i t ro -2- theny l ideneamino) -  
t e t r a h y d r o - 2 ( 1 H ) - p y r i m i d o n e ,  334 m g / k g  w i t h  95% con- 
f idence l imi ts  of 312 a n d  357: 1 - (5 -n i t ro ,2 - thenyl idene-  
amino) -3-e thy l -2- imidazol id inone ,  450 mg /kg  (95% l imi ts  
363 and  557); 1 - (5-n i t ro th iazoly l ) -2- imidazol id inone  (niri- 
dazole),  443 m g / k g  (95% l imi t s  387 a n d  507). Thus ,  t h e  
n i t r o t h i o p h e n e s  compared  f a v o u r a b l y  with nir idazole  

u n d e r  these  condi t ions .  I n  t h e  course  of these  s tudies ,  i t  
was  found  t h a t  none  of t h e  mice (8/group) exh ib i t ed  a n y  
ove r t  toxic  s y m p t o m s  a f t e r  single ora l  doses of 1000 mg/kg .  
I n  a s epa ra t e  t e s t  g roups  of 8 mice also t o l e r a t ed  200 
m g / k g  g iven  twice  da i ly  for 4 consecu t ive  days.  All  of 
these  mice h a r b o u r e d  S. m a n s o n i  in  v a r y i n g  n u m b e r s  and  
were genera l ly  in  b e t t e r  cond i t ion  t h a n  undosed  mice 
w h e n  examined .  However ,  LDs0 va lues  h a v e  n o t  been  
es t ab l i shed  for e i the r  h e a l t h y  or pa ras i t i zed  mice. 
The  m o s t  ac t ive  p y r i m i d o n e  ( compound  I) has  also been  
t e s t ed  aga ins t  S. m a n s o n i  h a r b o u r e d  in Sy r i an  hams te r s .  
A dose reg ime  of 300 m g / k g  da i ly  for 4 consecu t ive  days  
p roduced  a kill  of 29% (39 of a t o t a l  of 134 w o r m s  re- 
covered  f rom 6 h a m s t e r s  were dead),  whi le  a single dose 
of 750 m g / k g  gave a n  ave rage  of 27% kil l  in  a n o t h e r  
g roup  of 6 hams te r s .  P r e l i m i n a r y  inves t iga t ions  of t he  
m e t a b o l i s m  of c o m p o u n d  I in mice and  h a m s t e r s  i nd ica t ed  
t h a t  b i o t r a n s f o r m a t i o n  a n d  excre t ion  was more  r ap id  and  
ex tens ive  in t he  hams te r s ,  w h i c h  m a y  exp la in  t he  lowered 
ef fec t iveness  in t h a t  species. 
These  f indings,  a) t h a t  c e r t a i n  n i t r o t h i o p h e n e  c o m p o u n d s  
possess sch is tosomic ida l  ac t iv i ty ,  a n d  b) t h a t  a m e t h y l e n e -  
imine  b r idg ing  group  gives a cor rec t  con f igu ra t ion  for 
ac t iv i ty ,  b o t h  e x t e n d  a n d  mod i fy  the  concep t  of R o b i n -  
son, Bued ing  a n d  F i she r  ~ as to  t h e  s t r u c t u r a l  l im i t a t i ons  
imposed  u p o n  n i t rohe te rocyc l i c  c o m p o u n d s  if t h e y  are  to  
have antischistosomal action. 
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Summary. W h e n  e t io la ted  maize  seedlings were sub jec ted  to a h e a t  s t ress  of 40 or 45 ~ for 16 h, and  s u b s e q u e n t l y  
i l lumina ted ,  p h o t o r e d u c t i o n  of fe r r icyan ide  and  noncyc l ic  p h o t o p h o s p h o r y l a t i o n  b y  ch lorop las t s  isola ted t h e r e f r o m  
were r e t a rded ,  and  t he  lag in t he  a p p e a r a n c e  of these  p h o t o c h e m i c a l  r eac t ions  was ex tended .  

Introduction. The  a c c u m u l a t i o n  of p h o t o s y n t h e t i c  pig- 
m e n t s  and  t he  d e v e l o p m e n t  of p h o t o s y n t h e t i c  a c t i v i t y  in  
ch lo rop las t s  i so la ted  f rom green ing  e t io la t ed  p l a n t s  h a v e  
been  i n v e s t i g a t e d l - L  I n  p rev ious  com m un i ca t i ons ,  we 
r epo r t ed  t h a t  t he  r a t e s  of f o r m a t i o n  of ch lorophyl l s  8,9, 
a n d  p ro toch lo rophy l l  1~ alxd t h e  r a t e s  of cyclic pho to -  
p h o s p h o r y l a t i o n  w i t h  p t lenaz ine  m e t h o s u l f a t e  and  of 
A T P  hydro lys i s  11 of such  ch lo rop las t s  were r e t a r d e d  if 
t h e  e t io l a t ed  p l a n t s  h a d  been  sub j ec t ed  to h i g h  t e m p e r -  
a tu re s  before  greening.  I n  th i s  repor t ,  t h e  d e v e l o p m e n t  
of 2 o the r  p h o t o c h e m i c a l  ac t iv i t i es  of ch lorop las t s  i.e. 
r educ t ion  of fe r r icyan ide  and  noncycl ic  p h o t o p h o s p h o r y -  
l a t ion  w i t h  fe r r icyan ide  d u r i n g  green ing  of h e a t  s t ressed 
d a r k - g r o w n  maize  seedl ings  is descr ibed.  
Materials and methods. Seeds of maize  (Zea m a y s  Linn.  
cv  NS1) were g e r m i n a t e d  a t  25~ in da rkness  on  sand.  
The  resu l t ing  seedlings were da i ly  suppl ied  w i th  dist i l led 
water .  On ti le 4 th  d a y  a f t e r  sowing, d i f fe ren t  lots of 
seedl ings were sub jec t ed  to t e m p e r a t u r e s  of 40 or 45~ 
for  16 h in darkness .  T he  seedl ings were t h e n  r e t u r n e d  to  
25~ and  i l l u m i n a t e d  a t  3000 lux  i n t e n s i t y  suppl ied  b y  
smal l  f luorescen t  tubes .  
A t  i n t e rva l s  of 4, 6 or 8 h a f t e r  the  onse t  of i l lumina t ion ,  
ch lo rop las t s  were e x t r a c t e d  b y  t he  m e t h o d  of Howes  and  
S t e rn  12 f rom leaves  h a r v e s t e d  r a n d o m l y  f rom each  t r e a t -  
meri t ,  L i g h t  r eac t ions  were car r ied  o u t  in  a glass-sided 
w a t e r  b a t h  wh ich  was i l l u m i n a t e d  on  each  side b y  2 
300 W ref lec tor  spo t  lamps .  T e m p e r a t u r e  was m a i n t a i n e d  

a t  24 ~ b y  m e a n s  of a n  electr ic  cooling coil immersed  in 
t he  w a t e r  b a t h .  R e a c t i o n s  proceeded  for 2 m i n  in t he  
l igh t  (80,000 lux) or d a r k  and  were t e r m i n a t e d  b y  t u r n i n g  
the  l igh t  off, where  app rop r i a t e ,  and  add ing  t r ichloro-  
acet ic  acid to  a f inal  c o n c e n t r a t i o n  of 3% (w/v). Af te r  
cen t r i fuga t ion ,  a l iquo ts  of t he  s u p e r n a t a n t s  were assayed  
for f e r r i cyan ide  r educ t i on  and  noncycl ic  p h o t o p h o s p h o r y -  
lat ion.  
The  s t a n d a r d  r eac t ion  m i x t u r e  c o n t a i n e d  in tzmoles: t r is  
(pH 8.0), 135; MgC1 v 24; ADP,  12; N a N  p h o s p h a t e  
(pH 8.0), 36; BSA,  0.135; K3Fe (CN)G, 4.5; ch lo rop las t s  
c o n t a i n i n g  75-150 ~zg ch lo rophy l l ;  and  w a t e r  to  a f inal  
vo lume  of 9 ml. 
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Fig. 1. Time-course of net ferricyallide reduction (light minus dark) 
by chloroplasts isolated from heat-stressed and unstressed maize 
seedlings during greening. Etiolated seedlings were exposed to 40 or 
45 ~ for 16 h in the dark, and subsequently illuminated, a Control 
(unstressed, 25~ b 40~ prior heat stress for 16 h; c 45~ prior 
stress. S. D. varied between 1.1 and 3.4 in all figures. 
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Fig. 2. Time-course of ferricyauide reduction in the (lark by chloro- 
plasts isolated from heat-stressed and unstressed maize seedlings 
during greening. Etiolated seedlings were exposed to 40 or 45 ~ for 
16 h in the dark, and subsequently ilhuninated, a Control (tmstressed, 
25~ b 40<(2 prior heat stress for 16 h; c 45~'C prior stress. 

26O 
a 

/ ./.t-- ,~" b c- 
a~ 180 

~176 100 / / /  / , / '  
oC 

2O 

0 16 32 48 h 
Period oI illumination 

Fig. 3. Rate of noncyclic photophosphorylation with ferricyanide in 
chloroplasts isolated from heat-stressed and unstressed maize seed- 
lings during greening. Etiolated seedlings were exposed to 40 or 
45 ~ for 16 h in the dark, and subsequently illuminated, a Control 
(unstressed, 25 ~ b 40~ prior heat stress for 16 11; c 45 ~ prior 
stress. 

The reduct ion  of ferr icyanide was measured  by  the  
colorimetr ic  p rocedure  of Avron  a n d  Shavit1'% Chloro- 
phyl l  was de t e rmined  by  the  m e t h o d  of Arnon  14. The 
incorpora t ion  of inorganic  p h o s p h a t e  into A D P  was 
measured  by  e s t ima t ing  the  decrease in the  a m o u n t  of 
inorganic phospha te .  Inorganic  p h o s p h a t e  was deter-  
mined  by  the  colorimetr ic  m e t h o d  of Chen et  a1.1% 
Results  and discussion. Net  pho to reduc t i on  of fer r icyanide  
was observed in chloroplas ts  isolated f rom the  contro l  
seedlings af ter  a p p r o x i m a t e l y  4 h of i l luminat ion (fig- 
ure 1). The ra tes  of ne t  f e r r i cyan ide  pho to reduc t ion  in- 
creased sharp ly  dur ing the  n e x t  12 h and  then  fell s l ight ly  
to  levels observed wi th  ma t u r e  chloroplasts .  This  p a t t e r n  
is in ag r r emen t  wi th  values r epor ted  by  o the r  workers  1, a, 7. 
W h e n  the  seedlings were sub jec ted  to t empe ra tu r e s  of 
40 or 45 ~ for 16 h (figure 1), the  lag in ne t  pho to reduc -  
t ion of ferr icyanide was e x t e n d e d  to 8 and 12 h respec- 
t ively.  Thereaf te r  the  ra tes  increased,  reaching a maxi -  
m u m  not  a t  16 h of i l luminat ion as in the  contro l  bu t  a t  
20 and 24 h respect ively.  Maximal  values of ne t  ferri- 
cyanide  pho to reduc t ion  in the  seedlings s t ressed at  40 
and 45 ~ for 16 h were lower t h a n  the  value observed  for 
control  seedlings. Unlike in t he  control  seedlings, the  
ra tes  of ne t  pho to reduc t i on  in the  s tressed seedlings did 
no t  fall bu t  r emained  co n s t an t  af ter  a t t a in ing  a max i mum.  
Dark  reduc t ion  of fer r icyanide  b y  chloroplas ts  isolated 
f rom control  seedlings was ini t ia l ly ve ry  high, bu t  fell 
sharp ly  dur ing  the  first  8 h of chloroplas t  deve lopment ,  
and  s t ayed  very  low the rea f t e r  (figure 2). This p a t t e r n  is 
similar to prev ious ly  repor ted  p a t t e r n s  1,7. Chloroplasts  
isolated f rom the  s t ressed seedlings also reduced  ferri- 
cyanide  init ial ly in the  da rk  b u t  a t  a ra te  lower t h a n  t h a t  
of the  control .  Also, initial  da rk  reduc t ion  was lower a t  
the  higher  t e m p e r a t u r e  of stress. Here  again, the  ra tes  
fell sharply  dur ing  the  first  8 h of deve lopmen t  and re- 
mained  low thereaf ter .  This decrease in reducing power  
available for b iosynthes is  a t  early stages of plas t id  
deve lopmen t  mus t  hand icap  the  e s t ab l i shmen t  of the  
developing seedling. 
i t  is concluded f rom the  above t h a t  the  re ta rd ing  effect 
of prior  hea t  s tress on net  p h o t o r ed u c t i o n  of ferr icyanide 
is largely due to its r e ta rd ing  effect  on the  actual  photo-  
chemical  reaction.  Noncycl ic  p h o t o p h o s p h o r y l a t i o n  wi th  
ferr icyanide was no t  de tec ted  in chloroplas ts  isolated 
f rom the  control  seedlings un t i l  af ter  4 h of i l luminat ion  
(figure 3). Thereaf te r  the  ra tes  increased gradual ly  unti l  
24 h and remained  co n s t an t  for the  remain ing  p a r t  of the  
exper iment .  This p a t t e r n  is s imilar  to p a t t e rn s  descr ibed 
by  previous  workers4,5, 7,16. Chloroplasts  isolated f rom 
seedlings which had  been previous ly  sub jec ted  to t em-  
pera tures  of 40 and 45~ showed an ex t en d ed  lag of 8 
and 12 h respec t ive ly  in fer r icyanide  pho tophosphory l a -  
t ion. Ra tes  of p h o t o p h o s p h o r y l a t i o n  increased gradual ly  
in these  s t ressed seedlings, reaching a m a x i m u m  a t  32 
and 40 h of d e v e l o p m e n t  respect ively.  The max ima l  
values a t t a ined  were, however ,  lower t h a n  those  observed 
for the  control .  Such kinet ics  indicate  t h a t  chloroplas ts  
isolated f rom greening, prev ious ly  hea t - s t r e s sed  seedlings 
exper ience  a de lay  in the  acquis i t ion of p h o t o s y n t h e t i c  
competence .  
These results  suppor t  the  earlier suggest ion 1~ t h a t  prior  
hea t  s tress re ta rds  the  ene rgy - t r ans fo rming  process  in 
pho tosyn thes i s .  
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