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i so la t ion  of such  a t o x i n  was t h o u g h t  to  be  i m p o r t a n t  as 
a r a t i o n a l e  for t h e  use of conva l e scen t  s e rum f rom b u r n e d  
p a t i e n t s  as a t h e r a p e u t i c  a g e n t  1, =. Our  d a t a  do no t  s u p p o r t  
t h e . t h o u g h t  t h a t  t he re  is a specific an t igen ic  t o x i n  u n i q u e  
to  b u r n e d  t issue.  I t  is sugges ted  t h a t  t i s sue  an t igens  of 
n o r m a l  skin  m a y  p l a y  a role in t he  acu te  m o r t a l i t y  obse rved  
a f te r  t h e r m a l  in ju ry .  Acu te  m o r t a l i t y  m a y  be, in par t ,  
due  to  t h e  fac t  t h a t  some n o r m a l  t i ssue  c o m p o n e n t s  which  
are usua l ly  i n t r ace l lu l a r  are  re leased in to  t he  b lood  upon  
b u r n  i n j u r y  where  t h e y  ac t  as an t igens  and  in add i t ion ,  
exe r t  a de le ter ious  effect. The  n a t u r e  of these  t i ssue  com- 
p o n e n t s  a n d  t he  m e c h a n i s m  of t h e i r  ac t ion  is u n k n o w n  a t  
t he  p r e sen t  t ime ,  h o w e v e r  an t ibod ie s  fo rmed  aga in s t  these  
c o m p o n e n t s  m a y  neu t r a l i ze  h a r m f u l  effects  of these  

an t igens  a n d  t h e r e b y  reduce  m o r t a l i t y  fol lowing burns .  
S tudies  of these  an t igens  an d  t h e i r  t o x i c i t y  are in progress.  

Zusammen/assung. I n  E x t r a k t e n  n o r m a l e r  u n d  ver-  
b r a n n t e r  H a u t  y o n  M/iusen wurde  kein  U n t e r s c h i e d  zwi- 
schen  den  A n t i g e n e n  gefunden.  Kurze  Zei t  Each der  
V e r b r e n n u n g  w u r d e n  A n t i g e n e  auch  i l n  S e r u m  festgestel l t .  
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Antigenic Changes During the Life Cycle of Plasmodium falciparum 

I m m u n o f l u o r e s c e n c e  (IF) s tud ies  h a v e  shown  t h a t  t h e  
a sexua l  fo rms  of _P. /alciparum c o n t a i n  a cy top l a smic  
a n t i g e n  wh ich  reac t s  w i t h  a n  a n t i b o d y  t h a t  is c o m m o n l y  
p r e sen t  in  t he  sera  of p a t i e n t s  who  h a v e  h a d  r epea t ed  
infec t ions  w i t h  P./alciparum mala r i a  1-3 : a s imi la r  an t i g en  
is p r e sen t  as ' s t i pp l ing '  in  t h e  c y t o p l a s m  of e r y t h r o c y t e s  
in fec ted  w i t h  a sexua l  pa ra s i t e s  1, 4. W e  now p re sen t  evi- 
dence  t h a t  t h i s  an t i gen  is n o t  de t ec t ab l e  in  t h e  c y t o p l a s m  
of i m m a t u r e  a n d  m a t u r e  game tocy t e s  of P. /alciparum 
and  t h u s  d e m o n s t r a t e  t h a t  t he re  is m a r k e d  an t igen ic  dif-  
ference b e t w e e n  pa ras i t e s  in  t h e  a sexua l  and  sexua l  cycles. 

The  o rgan i sms  were  s tud ied  in t h e  a sexua l  cycle a) as 
sma l l  r ing  forms and  i n t e r m e d i a t e  t rophozo i t e s  in  t h e  
p e r i p h e r a l  b lood  of 6 p a t i e n t s  w i t h  acu te  a t t a c k s  of 
m a l a r i a  and  b) as l a te  t r ophozo i t e s  and  schizonts ,  e i the r  
n a t u r a l l y  occur r ing  in t he  b lood  of 3 in fec ted  p l acen t a s  ~ 
or d i f f e ren t i a t ed  d u r i n g  cu l tu re  in  v i t ro  ~ of pe r iphe ra l  
b lood  r e m o v e d  f rom 4 p a t i e n t s  du r ing  an  acu te  a t t a c k  
of malar ia .  Since i m m a t u r e  g a m e t o c y t e s  of P./alciparum 
are on ly  r a re ly  found  in t he  pe r iphe ra l  blood, t h e  
sexua l  cycle was s tud ied  in t he  a b u n d a n t  v i ab l e  
i m m a t u r e  a n d  m a t u r e  g a m e t o c y t e s  in  t h e  h a e m o r r h a g i c  
ascit ic f luid of a G a m b i a n  p a t i e n t  w i t h  c a r c i n o m a  of t h e  
l iver7 : t he  f ind ings  were conf i rmed  b y  s t u d y  of pe r iphe ra l  
b lood  c o n t a i n i n g  s c a n t y  m a t u r e  g a m e t o c y t e s  f rom 3 
ch i ld ren  recover ing  f rom acu te  a t t a c k s  of malar ia .  

The  o rgan i sms  were s t a ined  w i t h  t he  ind i rec t  I F  
m e t h o d  s in  unf ixed  t h i n  b lood f i lms w i t h  t h e  sera of 6 
G a m b i a n  adu l t s  h y p e r i m m u n e  to  P. /alciparum followed 
b y  I luoresce in -con juga ted  goa t  a n t i - h u m a n - y - g l o b u l i n  
s e rum (Microbiological  Associa tes  Inc.)  ; t h e  sera  of h e a l t h y  
Europeans ,  who  h a d  n e v e r  h a d  ma la r i a ,  were used as 
controls .  P r e p a r a t i o n s  were e x a m i n e d  w i t h  d a r k - g r o u n d  
i l l u m i n a t i o n  b y  invis ib le  u l t r av io l e t  l igh t  e i the r  a lone  or 
in c o m b i n a t i o n  w i t h  v is ib le  o range  l igh t :  u n d e r  t he  l a t t e r  
condi t ions ,  a t t a c h e d  dye  f luoresced green  and  m a l a r i a  
p i g m e n t  a p p e a r e d  orange.  Cer t a in  stages,  such  as r ing-  
fo rm t rophozo i tes ,  sch izonts  a n d  m a t u r e  gametocy tes ,  
were easi ly iden t i f i ed  u n d e r  u l t r av io l e t  i l l umina t ion ,  b u t  
o thers ,  such  as large t rophozo i t e s  and  i m m a t u r e  game to -  
cytes  were d i s t ingu i shed  b y  t he  d i s t r i b u t i o n  of m a l a r i a  
p i g m e n t  (Figure  1), wh ich  was c lumped  in t he  fo rmer  a n d  
dispersed in t he  l a t t e r  9. 

A t  all  s tages  of t he  asexua l  cycle, t he  o rgan i sms  showed 
specific I F  s t a in ing  of t h e  c y t o p l a s m  b u t  no t  of t he  nuclei ,  
p i g m e n t  or vacuoles ;  t he re  was also l inear  or p a r t i c u l a t e  
I F  s t a in ing  (s imilar  to  MAURER'S clefts  in  size an d  dis- 
t r i bu t ion )  in  t he  c y t o p l a s m  of e r y t h r o c y t e s  in fec ted  w i t h  
o rgan i sms  in t he  asexua l  cycle (Figure 2). 

A t  all  recognizable  s tages  of t h e  sexual  cycle, t he  
pa ras i t e s  were comple t e ly  uns t a ined .  However ,  in  t he  
c y t o p l a s m  of e r y t h r o c y t e s  in fec ted  w i t h  g a m e t o c y t e s  
t he re  was widespread  in t ense  I F  s t a in ing :  th i s  was con- 
f luen t  in t h e  ear ly  i m m a t u r e  gametocy tes ,  b u t  w i t h  la te  
i m m a t u r e  or m a t u r e  g a m e t o c y t e s  t he re  was  a n  u n s t a i n e d  
cleft, usua l ly  on t h e  concave  side of t h e  pa ra s i t e  (Figure  3). 
I t  is p r o b a b l e  t h a t  we were de t ec t i ng  t h e  same  a n t i g e n  in 
t h e  d i f fe ren t  s i tua t ions ,  s ince each  of 6 i m m u n e  sera  
showed  I F  s t a in ing  of all  pos i t ive  c o m p o n e n t s  to  t h e  
s ame  t i t re ,  i r respec t ive  of t h e  age or s tage  of t h e  P./alci- 
parum paras i t e s  used as an t igen .  T h e  n o n - i m m u n e  sera  
n e v e r  gave  I F  s t a in ing  of e r y t h r o c y t e s  or P. /alciparum 
paras i tes .  

Our  I F  obse rva t ions  on the  an t i g en i c i t y  of P. falciparum 
conf i rm  t h e  p rev ious  r epor t s  on  t h e  a sexua l  cycle1,=, s, 
b u t  c o n t r a d i c t  t h e  on ly  r epo r t  on t h e  sexua l  cycle, n a m e l y  

Fig. 1. Immature gametocyte of P. ]alciparum identified by the 
distribution of pigment using dark-ground double illumination. The 
orange light reflected by the pigment appears white and the fluor- 
escent green light appears grey. • 2000. 
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Fig. 2. Stages in the asexual cycle of P. ]alciparum from the smatl 
trophozoite (top left) to the schizont (bottom right). The cytoplasm 
of the parasite and 'stippling' in the cytoplasm of the infected 
erythrocyte are stained with the IF technique. • 2000. 

Fig. 3. Stages in the development of gametocytes of P. /alciparum 
from the earlier stages (tap left) to the mature gametocyte (bottom 
right). The parasites are unstained and the IF staining is restricted 
to the cytoplasm of infected erythrocytes. • 2000. 

t h a t  the  game tocy t e s  s t a in  b r i g h t l y  1. Since i m m a t u r e  
game tocy t e s  are  found  in pe r iphe ra l  b lood ve ry  ra re ly  
and  t h e n  on ly  in smal l  number s ,  we s tud ied  these  forms 
in t he  pa ras i t i zed  h a e m o r r h a g i c  asci t ic  f luid of a n  u n i q u e  
p a t i e n t  L The  pa ras i t e s  were shown  to  be  v iab le  on  in -v i t ro  
cu l tu re :  f u r t h e r m o r e  the  m a t u r a t i o n  of game tocy t e s  in 
v ivo  was followed in samples  of ascit ic f luid r e m o v e d  a t  

in t e rva l s  to  rel ieve a b d o m i n a l  d i s t ens ion  7. I t  is the re fo re  
h igh ly  p r o b a b l e  t h a t  our  obse rva t ions  on  the  a n t i g e n i c i t y  
of t h e  i m m a t u r e  g a m e t o c y t e  are val id ,  pa r t i cu l a r ly  since 
our  f indings  in m a t u r e  g a m e t o c y t e s  in  t h e  asci t ic  f luid 
were conf i rmed  b y  s imi la r  o b s e rv a t i o n s  on s c a n t y  m a t u r e  
g a m e t o c y t e s  in  the  pe r iphe ra l  b lood of ch i ld ren  conva-  
lescent  f rom acu te  P. /alciparum malar ia .  This  an t igen ic  
difference,  a l t h o u g h  p rev ious ly  unrecorded ,  is h a r d l y  
su rpr iz ing  in v iew of t h e  o t h e r  obv ious  changes  in  mor-  
pho logy  an d  m e t a b o l i s m  t h a t  t h e  o rgan i sm undergoes  
d u r i n g  gametogenes i s  ". This,  or some s imi la r  an t igen ic  
difference,  m i g h t  exp la in  t h e  suscep t ib i l i ty  of asexua l  
pa ras i t e s  an d  t h e  res i s tance  of g a m e t o c y t e s  in ma la r ious  
ch i ld ren  to pass ive  t r ans f e r  of m a l a r i a  i m m u n i t y  b y  t r ans -  
fusion of y g lobul in  f rom h y p e r i m m u n e  adu l t s  10. 

The  s t ippled  I F  s t a in ing  of t h e  c y t o p l a s m  of e ry th ro -  
cy tes  in fec ted  w i t h  a sexua l  pa r a s i t e s  has  no t  ye t  been 
a d e q u a t e l y  expla ined,  b u t  i t  co r responds  closely w i t h  t he  
IV[AURER'S clefts  seen in ROMANOVSKY-Stained p repa ra -  
t ions  4. T h e  c y t o p l a s m  of e r y t h r o c y t e s  pa ras i t i zed  w i t h  
P. /alciparum g ame t o cy t e s  n e v e r  con t a in s  IV[AURER'S 
clefts. Single, m u c h  larger ,  e longa ted  a n d  s o m e w h a t  
t o r t u o u s  clefts, k n o w n  as 'GARNHAM'S bodies '  are seen 
on  t h e  concave  side of g ame t o cy t e s  - these  would a p p e a r  
to  cor respond  to the  areas  l ack ing  t h e  I F  an t igen  11. 

Rdsumd. Des 6 tudes  effectu6es p a r  l ' immunof luo re scence  
en u t i l i s an t  les s4rums de ma lades  qui  o n t  subi  p lus ieurs  
infec t ions  de pa lud i sme  (P. /alciparum) on t  m o n t r 6  que  
l ' an t ig~ne  c o r r e s p o n d a n t  p e u t  6tre d6tect6 dans  le cyto-  
p la sme  de tou te s  les formes  asexuel les  du  p l a smod ium,  
mais  n o n  duns  les gam6tocytes .  P a r  contre ,  l ' an t ig~ne  
es t  moins  a b o n d a n t  duns  le c y t o p l a s m e  des globules  
rouges  c o n t e n a n t  les formes  asexuel tes  que  dans  celui des 
cellules a y a n t  des gam6tocytes .  
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The Effect of L-Asparag inase  on the Synthes i s  and Proces s ing  of R i b o s o m a l  Precursor  R N A  in P H A -  
St imulated  L y m p h o c y t e s  

The  m e c h a n i s m  t h r o u g h  which  L-asparaginase  affects  
g r o w t h  of L-asparag inase-sens i t ive  ceils is s t i l l  unclear .  
A m i n o  acid i n c o r p o r a t i o n  in to  t h e  mic rosoma l  f rac t ion  
of 3 sens i t ive  t u m o r s  is m a r k e d l y  i n h i b i t e d  1 a n d  th i s  
effect  seems to be  p receded  b y  a p r o n o u n c e d  i n h i b i t i o n  
of t he  i nco rpo ra t i on  of ur id ine  in to  18S a n d  28S r ibosomal  
R N A  s u b u n i t s  e. However ,  t he  r e l a t i onsh ip  be tween  t h e  
ac t ion  of L-asparaginase  a n d  t he  decrease  in r ibosomal  
R N A  syn thes i s  awa i t s  f u r t h e r  exp lana t ion .  

Ev idence  has  been  p resen ted  t h a t  t h e  me tabo l i c  ac t ion  
of L-asparaginase  is no t  l imi ted  to  ce r t a in  l y m p h o i d  
tumors ,  b u t  i t  is exe r t ed  on n o r m a l  l y m p h o i d  cells as 
well 1, 3. Since p h y t o h e m a g g l u t i n i n  ( P H A ) - s t i m u l a t e d  lym-  
p h o c y t e s  are cha rac t e r i zed  b y  a h igh  r a t e  of syn thes i s  of 
r i bosoma l  R N A  4, a g roup  of e x p e r i m e n t s  were pe r fo rmed  
in order  to  i nves t i ga t e  the  effect  of L-asparaginase  on 

mac romolecu l a r  m e t a b o l i s m  of r ibosomal  R N A  in PFIA- 
s t i m u l a t e d  l ymphocy te s ,  a n d  some of our  resu l t s  are here  
p r e l i m i n a r i l y  repor ted .  

Materials and methods. H e p a r i n i z e d  b lood  f rom n o r m a l  
donors  was s e d i m e n t e d  b y  g r a v i t y  a t  37 ~ in t h e  presence  
of 0.6% dex t r an ,  an d  t h e  s u p e r n a t a n t ,  d i lu ted  w i t h  1 
vo lume  of m i n i m a l  essent ia l  m e d i u m  (MEM), was f i l te red  
t h r o u g h  a co lumn  of ny lon  f ibers  (Leukopak,  F e n w a l  Lab.)  
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