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pellets were used as control pellets. In  experiment 2, 
potassium pellets were used as control pellets. 

Results. In  experiment 1, 5 out of the 6 fish completing 
the experiment increased their preference for the sodium 
pellets as a result of deprivation (Figure 1). Before 
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Fig. I. Relative preference shown for sodium pellets before and after 
deprivation using salt-free control pellets. 
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Fig. 2. Relative preference shown for sodium pellets before and after 
deprivation using potassium control pellets. 

deprivation, 4 fish showed a stronger preference for the 
salt-free pellets than  for the sodium pellets, 1 fish showed 
a stronger preference for the sodium pellets, and 1 fish 
ate an equal number  of both types. After deprivation, 5 
fish showed a stronger preference for the sodium pellets 
than  for the salt-free pellets and only 1 showed a stronger 
preference for the salt-free pellets. In  experiment 2, all 6 
fish increased their preference for the sodium pellets as a 
result of deprivation (Figure 2). Before deprivation, 3 fish 
showed a stronger preference for the sodium pellets than 
for the potassium pellets, and 3 showed a stronger 
preference for the potassium pellets than for the sodium 
pellets. After deprivation, all 6 fish showed a stronger 
preference for the sodium pellets than  for the potassium 
pellets. 

Conclusion. The results from experiment 1 show that 
goldfish increase their preference for salt-containing foods 
when they are kept in water with a low sodium content. 
The results of experiment 2 suggest tha t  the sodium ior~ 
in the salt-containing foods is responsible for this in- 
creased preference 4. 

Rdsumd. Les poissons rouges sentent  le manque de 
sodium at, lorsqu'ils sent plac6s dans de l 'eau contenant 
tr~s peu de sodium, leur pr6f6rence pour les aliments 
contenant  du sel est accrue. 
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E x o t o x i n  in Malaria  Infection 
( P l a s m o d i u m  berghei) 

Recent investigations have shown 1,2 that  large amounts 
of plasmodium proteins are necessary to induce protective 
immuni ty  against Plasraodium berghei. About 5 g/kg body 
weight of the antigen must  be injected in the course of 28 
days in order to provide 80% of mice of the Swiss strain 
with an established immunity.  This dose is much higher 
than the average amount  of antigen needed for immuniza- 
tion against soluble heterologous proteins. From this we 
concluded that  only a small part  of the plasmodium acts 
as the specific antigen which produces the protective im- 
munity.  But  it was not  known whether an exotoxin, per- 
haps stored in the parasite or in the host cell, was re- 
sponsible for the mechanisms of immunity.  As the as- 
sumed exotoxin should appear in the serum after the 
rupture of the host celt during schizogony, the following 
investigations were carried out. 

Methods. 5 groups (I-V) of 25 Swiss mice each were 
injected with different amounts of serum obtained from 

mice with high parasitemia (12th day post infection with 
Pl. berghei). A total of 9 injections (3 each week) were 
given i.p. without any adjuvants to each animal:  (group I} 
0.005 ml per shot (total 1.5 mg serum protein), (II) 0.01 ml 
(3 rag), (III) 0.1 ml (30 mg), (IV) 0,3 ml (90 mg), and (V) 
0.6 ml (180 mg). t day after the last injection the mice were 
infected with about 5 • 106 parasites (Pl. berghei). 100 un- 
treated animals kept under  equal conditions (standard 
diet, water, room temperature) served as controls. For 
blood smears see Table. 

Results. Surprisingly, all immunized mice developed 
daily-increasing parasitemia, just like the untreated ani- 
mals. And like the control group, of which no animals 
survived the 25th day post infection, all mice of groups 
IV and V died at  the same time. However, 2 animals 
(8%) of group I, 11 (44%) of group II,  and 1 (4%) of 
group I I I  survived this critical time. Though developing 

1 C. JERUSALEM, IInd Int. Conf. ProtozooL, London, 1965, p. 208- 
C, JERUSALEM, IX, Int. Congr. Mikrobiol., Moskau, 1966, p. 571. 
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Parasitemia (x) in control animals (A) and in serum-immunized Swiss mice (B) 

(A) Day post 

refection 2 4 7 9 11 14 16 18 21 23 25 26 
14 15 16 15 9 15 15 10 9 12 8 5 x 
2.2 2.4 14.5 24.5 41.0 40.3 42.4 38.5 46.6 43.3 44.1 42.2 s~ 

-I- 1.7 4- 1.6 4- 9.6 4- 11.1 4- 8.2 4- 6.9 4- 8.5 4- 6.4 4- 9.9 4- 6.8 -t- 11.3 4- 6.8 
(B) Day post 

m~eetioa 14 18 22 28 32 35 37 42 46 49 51 53 
8 5 10 t0 4 9 4 9 4 9 2 9 X 

45.3 67.5 65.8 79.1 78.6 74.0 51,5 26.2 17.5 4.0 6.2 1.1 
4- 11.1 4- 5,9 4- 13.4 q- 8.8 :t~ 5.5 4- 13.6 4- 15.1 4- 13.3 4- 4.9 4- 5,8 4- 2.4 -I- 0.7 

heavy parasi temia,  anaemia  and Ieucocytosis,  su rv iv ing  
mice did no t  look ill excep t  for the  pale  colour  of tai l ,  ears 
and paws. Pa ras i t emia  increased con t inuous ly  up to  the  
35th day  pos t  infect ion,  when  80% of all  e ry th rocy tes  
Contained one or  several  p lasmodia .  Be tween  the  35th 
and 42nd day  pos t  infect ion pa ras i t emia  suddenly  de-  
creased, and 21 days  la ter  all an imals  were free of  para-  
sites. 

Discussion. I t  is general ly  known that ,  in cont ras t  to 
strain NMRI3 ,4  un t r ea t ed  Swiss mice never  survive  in- 
fection wi th  Pl. bergheiS-~. Our recent  exper iments  show 
sporltaneous r ecovery  f rom a h e a v y  infect ion in Swiss 
mice for the first  t ime.  These results pe rmi t  us to dist in-  
guish be tween 2 di f ferent  mechanisms of i m m u n i t y  to 
~alar ia  parasites.  The  course of pa ras i t emia  in mice 
mlmunized wi th  se rum f rom infected mice demons t ra tes  
tnho; deve lopment  of a p lasmodios ta t ic  fac tor  which  does 
;Fh~ oecome effec t ive  before the  35th d a y  pos t  infection.  

aese observat ions  correspond to those  obta ined  by  pre- 
Vious invest igat ions  on the subjec t  of  ac t ive  immuniza -  
tion1 and on the  influence of p-aminobenzoic- f ree  die t  6,s. 

HOwever, spontaneous  recovery  in Swiss mice is on ly  
Possible by previous  immuniza t ion  with  se rum contain-  
m g a  certain a m o u n t  of malar ia  exotoxin .  The  an t i tox in  
protects mice f rom toxic  in jury  bu t  has no influence 
on the deve lopment  of the  p lasmodia  and does no t  sup- 
P:ess Parasi temia.  I t  appears  prior  to p lasmodios ta t ic  
a~ors  (up to the  21st day  pos t  infection).  

ae immuniza t ion  against  malar ia  exo tox in  was only  
SUccessful wi th  re la t ive ly  small  amount s  of se rum (3 mg 

° te in /mouse  ). A higher  to ta l  dose (more t h a n  30 rag) is 
e l y  to lead to immunobloekade .  Perhaps  Swiss mice 
ra h t t le  an t i tox in  or  an ea r ly  occurrence of high amount s  
exotoxin induces an  imrn'nnoblockade. All  un t rea ted  

p~em die f rom tox ic  or  hypoxemic  8 in ju ry  before the  
odiosta t ic  factors  become effective.  I t  is possible 

t _ant mice of the  s t ra in  NMRI ,  which show high resistance 
u 1~l. berghei4,v ' are able to produce  an an t i tox in  earl ier  

o r ~  more po ten t  form of it. 
ur thermore,  the  detec t ion  of a physiological  act ion of 

a malaria an t i tox in  m a y  help  to expla in  some h i ther to  
contradictory results  in exper imenta l  and h u m a n  mala r ia  
research. The  course of the  malar ia  infect ion and espe- 
Cially i m m u n i t y  react ions are  mos t ly  eva lua ted  by  the  
increase or decrease of paras i temia .  However ,  t hough  the  
; a lua t ion  of 7-globulins dur ing  the  infect ion has  been 

proved to be re la ted to malar ia  9-t~, there  is no corre la t ion 
tWeen the  level  of 7-globulins and  t h e  p ro tec t ive  

~ aSmodiostatic) i m m u n i t y  1,-14 Therefore  i t  is supposed  
t ~  t much of the  y-globulin exci ted dur ing  mala r ia  infec- 
~urt may  be non-specificS5 or  pa r t l y  specific bu t  non- 
v Otectlve o ~e . . . .  " . And only  abou t  5~o of the  to ta l  is the  
t ~pecffm pro tec t ive  an t ibody  ~*. SCmNDLERlS found tha t ,  
. "gether wi th  the  increase of resistance to repea ted  re- 
Infections, the  a m o u n t  of an t ibody  measured  by  the  
fluorescent an t ibody  technique  decreases. 

F r o m  the  clinical  po in t  of v iew i t  is well  known t h a t  
the  level  of pa ras i t emia  does no t  correspond in e v e r y  case 
wi th  t he  clinical  pic ture .  These  f indings and also the  
con t r ad i c to ry  resul ts  of  pass ive  i m m u n i z a t i o n  x7-2~ m a y  
be  due  to  t he  fac t  t h a t  d i f ferent  sera .contain d i f ferent  
amoun t s  of an t i tox in .  

Our  inves t iga t ions  indica te  t h a t  p robab ly  a pa r t  of t he  
so-called 'non-specific" 7-globulins x4,x~ e leva ted  dur ing  
mala r ia  infect ion is an  an t i tox in .  This  an t i tox in  belongs 
to the  group of antibodies.  However ,  i t  does no t  ac t  
agains t  parasi tes  b u t  pro tec ts  f rom toxic  in jury .  

Zusammenfassung. Swiss M~use, die unbehande l t  eine 
Infek t ion  mi t  P1. berghei niemals  tiberleben, w a r d e n  mi t  
Serum yon  frisch inf iz ier ten Tieren  (12. Infekt ions tag)  
immunis ie r t  und  anschl iessend infiziert .  Obgleich sich 
danach  in alien FAllen eine schwere ParasittLmie ent-  
wickel te ,  he i l ten  44% der jenigen Tiere  nach  d e m  35. In-  
Iek t ions tag  spontan  aus, die m i t  3 mg  Serumpro te in /Maus  
immunis ie r t  waren. Wegen  der  offensicht l ich eingetre-  
tenen  I m m u n o b l o c k a d e  f iber lebten dagegen nach  I m m u -  
nisat ion mi t  hOheren P ro te inmengen  (mehr als 30 mg  per  
Maus) keine Tiere.  
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