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Summary. A m e t h o d  ha s  been  deve loped  for t r a n s m i t t i n g  in fec t ion  of m a m m a l i a n  ma la r i a  b y  i nocu la t i on  of exo- 
e r y t h r o c y t i c  schizonts .  T he  poss ib i l i ty  t h a t  in fec t ion  has  been  induced  b y  o t h e r  life cycle s tages  has  b e e n  experi-  
m e n t a l l y  excluded.  

P r o p h y l a x i s  aga in s t  h u m a n  malar ia ,  w h e t h e r  b y  drugs  ~ 
or v a c c i n a t i o n  3, is a imed  a t  h a l t i n g  t he  f i rs t  m u l t i p l y i n g  
s tage  in man ,  t h e  e x o e r y t h r o c y t i c  sch izon t  (EES) .  
E l i m i n a t i o n  of th i s  s tage  would  p r e v e n t  t he  s u b s e q u e n t  
disease assoc ia ted  w i t h  pa ra s i t e  i nvas ion  of red  b lood 
ceils. However ,  aside f rom morpho logy ,  su rpr i s ing ly  l i t t le  
is k n o w n  a b o u t  t he  E E S .  Th i s  ignorance  is due  in p a r t  to  
t he  d i f f icul ty  assoc ia ted  w i t h  e x p e r i m e n t a l  m a n i p u l a t i o n  
of l iv ing E E S  ou ts ide  of t he i r  or ig ina l  hosts .  Indeed ,  
S h o r t t  a n d  G a r n h a m  3 h a v e  a rgued  t h a t  the  i nab i l i t y  to  
infec t  o the r  an ima l s  w i t h  inocu la t ed  l iver  Et?;S was one 
of the  reasons  w h y  t he  m a m m a l i a n  E E S  cycle r e m a i n e d  
und i scove red  for so long. In  spi te  of these  t echn ica l  
diff icult ies,  t he  d e v e l o p m e n t  of a p rac t i ca l  m e t h o d  for 
t r a n s m i t t i n g  m a m m a l i a n  m a l a r i a  b y  t he  inocu la t ion  of 
deve lop ing  hepa t i c  E E S  is h i g h l y  desi rable .  Such  a sys t em 
would  be useful  for assessing t he  causa l  p r o p h y l a c t i c  
a c t i v i t y  of c a n d i d a t e  a n t i m a l a r i a l  c o m p o u n d s  a n d  would  
p rov ide  a m e a n s  of m a n i p u l a t i n g  m a m m a l i a n  ma la r i a  
E E S  for n u m e r o u s  bas ic  s tud ies  wh ich  h a v e  been  t h u s  
far  impossible .  

W e  h a v e  deve loped  a s imple  m e t h o d  for t r a n s m i t t i n g  
in fec t ion  of r o d e n t  m a l a r i a  ( P l a s m o d i u m  berghei)  b y  
inocu la t ion  of deve lop ing  E E S .  To ensure  t he  v a l i d i t y  
of our  conclusion,  we h a v e  e x p e r i m e n t a l l y  exc luded  t he  
poss ib i l i ty  t h a t  in fec t ion  has  been  induced  b y  o t h e r  life 
cycle s tages  of t he  paras i te .  

R a t s  used as donors  of hepa t i c  E E S  were in jec ted  i .v .  
w i t h  1-2 • 10 s s a l i va ry  g land  sporozoi tes  of t he  N K  s t r a i n  
of P. be rghe i  berghei .  T he  m i n i m u m  i n c u b a t i o n  t ime  for 
th i s  s t r a i n  of ma l a r i a  in  wh i t e  r a t s  is 41.3 h (Foley a n d  
Vande rbe rg ,  u n p u b l i s h e d  da ta) .  The  i n c u b a t i o n  t i m e  is 
t h a t  pe r iod  b e t w e e n  in j ec t ion  of sporozoi tes  a n d  the  f i rs t  
a p p e a r a n c e  of merozo i tes  in  the  blood. Thus ,  E E S  wh ich  
are  21-28 h old h a v e  comple t ed  on ly  1/2J/s  of t h e i r  
n o r m a l  m i n i m u m  d e v e l o p m e n t  t i m e  in t he  donor  livers. 
E E S  of th i s  age do n o t  c o n t a i n  merozoi tes  recognizable  
b y  l igh t  mic roscopy  4. T h e  donors  were a n e s t h e t i z e d  
21-28 h a f t e r  sporozoi te  in j ec t ion  and  the i r  l ivers  r ap id ly  
r e m o v e d  and  carefu l ly  sliced in to  f r a g m e n t s  0 .5-1.0 m m  
in g r ea t e s t  d imens ion .  These  f r a g m e n t s  were t h e n  im- 
p l a n t e d  i .p.  in  a n e s t h e t i z e d  rec ip ien t  r a t s  or mice (see 
table) .  The  b lood of these  rec ip ien t s  was  t h e n  e x a m i n e d  
per iod ica l ly  for 3 weeks for b lood forms of P. berghei .  
W e  found  t h a t  l iver  c o n t a i n i n g  i m m a t u r e  E E S  is infec- 
t i v e :  39 ou t  of 44 r ec ip i en t  r a t s  and  14 ou t  of 19 rec ip ien t  
mice  deve loped  p a t e n t  b lood  infec t ions  (table).  

W e  did  severa l  con t ro l  e x p e r i m e n t s  to  ensure  t h a t  t he  
in fec t ion  which  deve loped  in t he  l iver  E E S  rec ip ien t s  
was  due  to  E E S .  To  g u a r a n t e e  t he  absence  of precocious  
b lood  merozoi tes ,  we inocu la t ed  h e a r t  b lood f rom severa l  
l iver  E E S  d o n o r  r a t s  in to  merozo i te  suscept ib le  mice a t  
t he  t ime  w h e n  E E S  t r a n s p l a n t a t i o n s  were done.  The  
rec ip ien t s  of th i s  b lood  n e v e r  b e c a m e  infected.  

To e x p e r i m e n t a l l y  exc lude  t he  poss ib i l i ty  t h a t  i n fec t iv i ty  
was due  to  l a t e n t  sporozoi tes  u n i n t e n t i o n a l l y  t r a n s f e r r e d  
w i t h  t he  l iver  f r agmen t s ,  we used spo rozo i t e - immune  mice 

Transmission of Plasmodium berghei infection by inoculation of 
developing exoerythrocytie schizonts (EES) 

EES donors Type EES recipients 
Number Number Number and percent 

(%) developing 
parasitemia 

27 Sprague-Dawley 44 39 (88.6) 
female rats 35-85 g 

A/J female mice 9 7 (77.8) 
(non-innnunized) 

2 
A/J female mice 10 7 (70.0) 
(sporozoite-immune) 

All exoerythrocytic sehizont (EES) donors were female Sprague- 
Dawley rats weighing 35-85 g which had been injected 21-28 h 
previously with 1 2 • l0 s sporozoites. Each rat or mouse recipient 
was inoculated i.p. with 150-250 mg of liver fragments from a single 
donor. In some cases, multiple recipients were used for the liver from 
each donor. The number of recipients represents the number of 
animals surviving 3 weeks after EES inoculation. Recipients devel- 
oping parasitemias are those which reached a patent blood infection 
within 3 weeks following EES inoculation. The immunized group of 
recipient mice was immunized with irradiated sporozoites by the 
method of Nussenzweig et al. ~. 

as t he  l iver  rec ip ien ts  in seve ra l  e x p e r i m e n t s  (table).  Mice 
i m m u n i z e d  w i t h  i r r ad i a t ed  sporozoi tes  are  comple te ly  
p r o t e c t e d  specif ical ly aga ins t  in fec t ion  w i t h  v iab le  spo- 
rozoi tes  5. However ,  these  mice will r ead i ly  deve lop  p a t e n t  
infec t ions  u p o n  inocu la t ion  w i t h  merozo i te - in fec ted  e ry th -  
rocytes  6. W e  reasoned  t h a t  if t he  spo rozo i t e - immune  mice 
were suscept ib le  to  in fec t ion  w i t h  l iver  c o n t a i n i n g  E E S ,  
we could a s sume  t h a t  in fec t ion  was no t  due  to l a t e n t  
sporozoi tes  car r ied  to t he  rec ip ien t s  in the  l iver  f ragments .  
W e  found  t h a t  spo rozo i t e - immune  mice are as suscept ib le  
to  in fec t ion  w i t h  hepa t i c  E E S  as are the  n o n - i m m u n i z e d  
mice w i t h  which  t h e y  were c o m p a r e d  (table).  However ,  
ou r  i n t e r p r e t a t i o n  of these  resu l t s  is d e p e n d e n t  upon  t h e  
suppos i t ion  t h a t  i m m u n i t y  to  sporozoi tes  in  these  im- 
mun ized  mice r ema ins  i n t a c t  t h r o u g h o u t  our  e x p e r i m e n t a l  
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procedure.  To tes t  the  effect  of the  exper imenta l  manipu-  
lat ions on the  pro tec t ive  i m m u n i t y  of immunized  mice to 
sporozoites, a second va r i e ty  of control  expe r imen t  was 
done. In  this exper iment  2 sporozoi te - immune and 2 non- 
immunized  mice received 150-250 mg of noninfected l iver  
f ragments  I P  and 1 h la ter  received 50,000 sporozoites 
i .v .  The  non- immunized  mice in this exper iment  sub- 
sequen t ly  developed paras i temias  while the  sporozoite-  
immune  mice remained uninfected.  I t  is therefore clear 
t h a t  the manipula t ions  involved  in this t ype  of t rans-  
p lan ta t ion  are no t  sufficient to des t roy  the  specific 
i m m u n i t y  to sporozoites in these mice. 
In  the  single repor t  of appa ren t ly  successful t ransmission 
of m a m m a l i a n  l iver  E E S ,  Rossan et  al. 7 t r ansp lan ted  
l iver  f ragments  conta in ing developing E E  S of P la smodium 
cynomolg i  f rom sporozoite infected monkeys  to the  
per i toneums of recipient  monkeys  a t  var ious  t imes  dur ing 
the  incuba t ion  period of the  E E S .  These l iver  t ransplants  
were only  occasional ly infect ive  to the  recipient  monkeys  
f rom the  4th to the  6th day  post- inject ion of sporozoites 
into the  donors. However ,  a l though the  blood of the  l iver  
donors conta ined  no infect ive  parasi tes  a t  these t imes,  i t  
was no t  technica l ly  possible for Rossan et  al. 7 to e l iminate  
the  possibi l i ty  of t ransfer  of sporozoites wi th  the  l iver  
f ragments .  

Because we can now to ta l ly  immunize  mice against  in- 
fection wi th  sporozoites,  we have  been able to experi-  
men ta l ly  exclude the  possibi l i ty  t h a t  in fec t iv i ty  of in- 
oculated l iver  is caused by  t ransferred sporozoites. By  
the  results which we have  obta ined in these pre l iminary  
exper iments  we have  demons t ra ted  tha t  i t  is possible to 
t r ansmi t  rodent  malar ia  by  t ransp lan ta t ion  of developing 
E E S  from rats to both rats  and mice. This procedure  m a y  
be performed rapidly  and provides  a pract ical  percentage  
of E E S  infected animals  for applied exper imenta l  studies 
on this l i t t le  unders tood stage of the  mammal ian  malar ia  
parasite.  Because we have  demons t ra ted  exper imenta l ly  
t h a t  nei ther  precocious merozoi tes  nor  la ten t  sporozoites 
were responsible for the  t ransmission of the  p lasmodium 
infec t ion ,  we must  conclude tha t  the  infec t iv i ty  was due 
to viable immatu re  E E S  in the  t ransp lan ted  l iver  frag- 
ments .  We fur ther  conclude tha t  at  least some of these 
immatu re  E E S  underwent  cont inued deve lopment  to 
ma tu re  merozoites  and subsequent ly  successfully invaded  
the  blood s t reams of thei r  recipient  hosts. 

7 R.N. Rossan, K. F. Fisher, R. D. Greenland, C. S. Genther and 
L. H. Schmidt, Trans. R. Soc. trop. Med. Hyg. 58, 159 (1964). 

Effects  of b i la tera l  l e s i o n s  of the  nuc le i  h a b e n u l a e  on  p l a s m a  t h y r o x i n e  l eve l s  in J a p a n e s e  quai l  
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Summary. Elec t ro ly t ic  bi lateral  lesions of the nuclei habenulae  were made  in male, adul t  photos t imula ted  quail.  Ha-  
benular  des t ruc t ion  led to a marked  decrease in the  plasma thyrox ine  level (40%), whereas  sham operated  birds did not  
differ f rom controls.  This resul t  appears  to be somewha t  different  f rom those obta ined  in mammal s  and the mechanisms 
of habenula r - thyro id  interre la t ionships  are unknown.  

The funct ional  impor tance  of the  habenular  complex  is 
not  comple te ly  understood.  I t  was suggested 2-~ t h a t  the 
nuclei  habenulae  m a y  be involved  in thyro id  regulation,  
in mammals .  Various exper imenta l  da t a  appear  to indi- 
cate  t h a t  habenular  nuclei  and surrounding regions exer t  
an inhib i tory  effect upon the  whole p i tu i t a ry - thyro id  
system. However ,  i t  was found in o ther  studies t h a t  bi- 
la tera l  ablat ion of the  habenula  does not  interfere wi th  
thy ro id  ac t iv i ty  5, 6. On the  o ther  hand, bi lateral  habenular  
lesions were found to impai r  the  pineal  inh ib i tory  response 
to a flash of l ight  in unanaes the t ized  rest ing quai l  7. I t  
was, therefore,  in teres t ing to inves t iga te  the  habenular  
i nvo lvemen t  in neuroendocr ine  regulat ion in birds. The 
a im of the  present  s tudy  was to explore the  thy ro id  ac- 
t i v i t y  in quail,  af ter  des t ruct ion of the  habenular  nuclei, 
by  de te rmin ing  the  p lasma thyrox ine  level. Adrenal  
cort ical  invest igat ions  in the  same lesioned birds have  
been discussed elsewhere s. 
Material and methods. 20 adul t  male quail  were used in 
this  exper iment .  Birds were reared under  control led 
t empera tu re  (26~ and art if icial  l ight ing (18 h l ight :  6 h  
dark ;  l ight  on:  06.00 h, l ight  off: 24.00 h). Medial and 
la tera l  nuclei  were located s tereotaxica l ly  9 under  Equi -  
Thesin  (Jensen Salsbery) anaesthesia.  Lesions were pro-  
duced by  passing a direct  current  (250 ~xA for 25 sec) 
th rough  a p l a t inum electrode, 0.14 m m  in d iameter .  In  

order  to des t roy  comple te ly  the  median and la teral  
habenula,  i t  was necessary to place 2 lesions on ei ther  
side, because these nuclei  const i tu te  a ra ther  f la t  and 
thin  s tructure.  S tereotaxic  coordinates  are given in the 
table. Af te r  surgery, birds were left  a t  rest  in the  same 
env i ronmenta l  conditions.  Blood was collected (between 
09.00 h and 10.00 h, to avoid  any  circadian in terference)  
4 weeks after  lesioning. Upon  complet ion of the  experi-  
ments,  the head was perfused wi th  saline followed by  10% 
formalin-saline.  The brain was subsequent ly  frozen and 
serially cut  in 40 ~zm sections for s ta ining by  the  Kluver -  
Barrera  technique1~ B o d y  weight  was noted on the  day 
of surgery and at  autopsy.  P lasma thyrox ine  levels were 
de termined  by  the  compet i t ive  prote in  binding radioassay 
developed in birds by  Ast ier  et  al. 11. 
Lesioned birds were compared  to in tac t  (no t rea tment )  
and sham-opera ted  quail.  Sham-opera t ion  was performed 
by  f ixing the head in the  s tereotaxic  frame, t repanning  
the  skull and lowering the  electrode to tile habenular  
s tereotaxic  coordinates  wi thou t  del iver ing any  current  
th rough  the  electrode. 
Results and discussion. Resul ts  are shown in the table.  In  
in tac t  and sham-opera ted  animals,  p lasma thyroxine  level 
was found to be qui te  similar  to the  values repor ted  in 
pho tos t imula ted  male quai l  by  Pecz61y, (unpublished 
results :  f rom 3.3 to 4.4 ng /ml  vs 4.1 ng/ml  in present  


