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and  a n  a n t i s e r u m  p r e p a r e d  aga ins t  t he  c o n t e n t  of t h e  
a l b u m i n  g land  of Pomacea urceus. F u r t h e r m o r e ,  t he  eggs 
a n d  a l b u m i n  g land  of Pomacea canaliculata con t a i n  an  
u n u s u a l  p o l y v a l e n t  p ro t e inase  i n h i b i t o r  ovorub in ,  a gly- 
copro te in  w i t h  a ca ro teno id  p r o s t h e t i c  group,  w h i c h  was 
f i rs t  i sola ted b y  CHEESMAN ~ a n d  t e s t ed  ex t ens ive ly  
aga ins t  p ro te inases  b y  NORDEN6. 

I t  was  hence  of i n t e r e s t  to  inc lude  a f u r t h e r  r e l a t ed  
snai l  in  t he  expe r imen t s ,  t he  p r o s o b r a n c h  Pila ovata. The  
only  m a t e r i a l  ava i l ab le  f rom th i s  a n i m a l  was  a n  egg mass  
k c p t  for severa l  years  in  t h e  f rozen s ta te .  S imi la r  had,  
indeed,  been  used in t h e  case of Pomacea eanalieulata, 
b u t  i t  seems t h a t  m o s t  of t he  r e l e v a n t  c o n s t i t u e n t s  of t he  
a l b u m i n  g land  occur  also in t he  eggsL A g g l u t i n a t i o n  a n d  
i n h i b i t i o n  e x p e r i m e n t s  m a d e  w i t h  sa l ine  e x t r a c t s  of t h e  
eggs revea led  t h e  presence  of an  i ncomple t e  a n t i - B  (or 
ant i -B- l ike)  agglu t in in ,  wh ich  reac ted  w i t h  h u m a n  B cells 
on ly  w h e n  these  h a d  been  t r e a t e d  w i t h  p ro t e inase  (pro- 
nase) or neu ramin idase .  I t  also r eac ted  w i t h  b o v i n e  red  
cells, wh ich  were capab le  of adso rb ing  i t  comple te ly .  Red  
cells of some o the r  species also r eac ted  and  adso rbed  t he  
agglu t in in ,  whereas  o thers  d id  no t  (Table  a). A B-l ike 
an t i gen  of p l a n t  or igin c o n t a i n i n g  thy laco ids  a n d  frag- 
m e n t s  of t he  l amel l a r  sys t em s also r eac ted  w i t h  th i s  an t i -  
B-l ike subs tance .  O the r  workers  h a v e  a l r eady  r epo r t ed  
t h e  occurrence  of a n t i - B  or an t i -B- l ike  agg lu t in ins  in  cer- 
t a i n  snai ls  ~-~. S imi la r  a n t i - B  reagen t s  h a v e  been  found  
in t he  eggs of f ishes ~a-~5. The  r e l a t ionsh ips  and  t he  biolog- 
ical func t ions  of these  a n t i - B  a n t i b o d y - l i k e  subs t ances  
h a v e  st i l l  to  be  es tab l i shed .  

Zusammen/assung. I n  dell E i e r n  der  Schnecke  Pila 
ovata wurde  ein Agg ln t in in  aufgefunden ,  welches  in  <dn- 
kompletter~> Weise  m i t  e inem B l u t g r u p p e n - B - / i h n l i c h e n  
A n t i g e n  yon  v e r s c h i e d e n e n  E r y t h r o z y t e n  reagier t .  Ag- 
g lu t ina t ions -  u n d  A g g l u t i n a t i o n s h e m m t i t e r  werden  m i t  
denen  yon  den  v e r w a n d t e n  S c h n e c k e n  Pomacea urceus 
u n d  Pomacea canaliculata vergl ichen.  
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The Effect of Kidney-Bean Leucoagglutinin on Homograft Rejection in Mice 

There  h a v e  been  a n u m b e r  of s tud ies  of t he  effects  of 
p h y t o h a e m a g g l u t i n i n  (PHA)  e x t r a c t e d  f rom k i d n e y  b e a n s  
(Phaseolus vulgaris) on h o m o g r a f t  r e jec t ion  in va r ious  
e x p e r i m e n t a l  an imals .  Most  of t he  s tud ies  ind ica te  t h a t  
P H A  has  a weak  i m m u n o s u p p r e s s i v e  ac t ion  ~-s a l t h o u g h  
a couple  of conf l i c t ing  r epo r t s  h a v e  been  p u b l i s h e d  9.~x. 
Most  of th i s  work  has  been  pe r fo rmed  w i t h  r a t h e r  crude,  
commerc ia l ly  ava i lab le ,  P H A  p repa ra t ions ,  c o n t a i n i n g  
severa l  d i f fe ren t  p ro te ins .  T he  we l l -known  biological  
effects of P H A ,  i.e. l y m p h o c y t e  s t i m u l a t i o n  a n d  leuco- 
a n d  e r y t h r o a g g l u t i n a t i o n ,  h a v e  been  shown  to  be  p roduced  
b y  two k inds  of g lycoprote ins ,  p u r e l y  l eucoagg l u t i na t i ng  
a n d  b o t h  e ry th ro -  a n d  l eucoagg lu t i na t i ng  12-x5. T he  p r e sen t  
s t u d y  was u n d e r t a k e n  to  i n v e s t i g a t e  t h e  effects  of a 
pur i f i ed  l y m p h o c y t e - s t i m u l a t i n g  l eucoagg lu t in in  on  
h o m o g r a f t  r e j ec t ion  in mice.  T he  effects of t he  leuco- 
agg lu t in in  were  c o m p a r e d  w i t h  those  of r a b b i t - a n t i m o u s e -  
t h y m o c y t e - g l o b u l i n  (RAMTG).  

Materials and methods. K i d n e y  b e a n  l eucoagg lu t in in  
(La) was p r e p a r e d  as descr ibed  p rev ious ly  13,15. H e a t  
d e n a t u r e d  l eucoagg lu t in in  (DenLa)  was p r e p a r e d  b y  
h e a t i n g  n a t i v e  La  for 30 mil l  a t  100~ Th i s  p rocedure  
caused  p r ec ip i t a t i on  of t he  leucoagglu t in in .  Pe r ioda t e  
ox ida t i on  of La  (OxLa) and  l y m p h o c y t e - s t i m u l a t i o n  and  
a g g l u t i n a t i o n  t e s t s  were pe r fo rmed  as descr ibed  before  13,1.5. 

R A M T G  was p r e p a r e d  b y  i m m u n i z i n g  r a b b i t s  w i t h  
t h y m o c y t e s  f rom 2-week-old CBA mice.  E a c h  r a b b i t  
rece ived  2 in jec t ions  of 2 --  3 • l0  s cells. The  f i r s t  injec-  
t i on  was  g iven  i n t r a c u t a n e o u s l y  a n d  s.c., w i t h  t h e  cells 
emuls i f ied in  F r e u n d ' s  comple te  a d j u v a n t .  T he  second 
in j ec t ion  was  g iven  i.v. w i t h o u t  a d j u v a n t .  S e r u m  was  
col lected 7 days  a f t e r  t he  second in j ec t ion  a n d  t he  IgG 
f r ac t ion  was i so la ted  ~6. 

T w o - m o n t h - o l d  CBA mice  weigh ing  24-28 g, were 
g ra f t ed  w i t h  fe ta l  h e a r t s  f rom C57 B lack  donors ,  as 

descr ibed  ~7,x8. The  f u n c t i o n a l  s t a t e  of t he  graf t s  was  
assessed b y  e x a m i n a t i o n  u n d e r  a s te reomicroscope .  
Gra f t s  showing  no  pu lsa t i l e  a c t i v i t y  7 or 11 days  a f t e r  
t r a n s p l a n t a t i o n  were cons idered  to be  surgical  fai lures  a n d  
were exc luded  f rom the  t e s t  series. 
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Table I. Characteristics of native kidney bean leueoagglutinin (La], 
leucoagglutinin oxidized with sodium periodate (OxLa) and heat 
denatured leucoaggIutinin (DenLa) 

Lymphocyte Leueoagglutination b 
stimulation~ (~zg/ml) (.btg/ml) 

La 3-5 5-10 
OxLa - 20~0 
DenLa - , - 

Amount of substance giving maximal stimulation 15. b Minimum 
amount of substance giving detectable Ieucoagglutination TM. 

Table II. Acute toxicity of kidney bean leucoagglutinin given as a 
single dose into the tail vein of adult CBA mice 

Dose injected No. of animals No. of animals surviving after 
(mg/kg treated indicated time period 
body wt.) 

5 h 1 day 2 days 2 weeks 

8 28 13 7 4 4 
4 21 21 21 19 19 
2 10 10 10 10 10 

commerc ia l ly  ava i l ab le  p r e p a r a t i o n s  tes ted .  On  macro-  
scopic a u t o p s y , t h e  an ima l s  ki l led showed  g rea t ly  en la rged  
spleens a n d  h a e m o r r h a g e s  in  t h e  lungs,  i n t e s t ines  a n d  
livers.  P r o b a b l y  t h e  acu t e  tox ic  effects  are  caused  b y  
ex tens ive  v a s c u l a r  damage .  

The  resu l t s  of t he  t e s t s  of i m m u n o s u p p r e s s i o n  are 
shown  in Tab le  I I I .  As call be  seen, t h e  d i f fe ren t  p r epa ra -  
t ions  of l eucoagg lu t in in  all p roduced  a s l ight  p ro longa t ion  
of t he  g ra f t  s u r v i v a l  t ime.  However ,  t h i s  effect  was  on ly  
ach ieved  b y  us ing  doses nea r  t he  l e tha l  ones  and,  in  
add i t ion ,  t he  effect  was  weak  c o m p a r e d  w i t h  t h a t  of 
R A M T G .  The  i m m u n o s u p p r e s s i v e  effect  was  d imin ished ,  
b u t  no t  comple t e ly  abol ished,  b y  i n a c t i v a t i o n  of t he  
l y m p h o c y t e - s t i m u l a t i n g  or l eucoagg lu t i na t i ng  ac t iv i t i e s  
b y  sod ium pe r ioda t e  o x i d a t i o n  or h e a t  d e n a t u r a t i o n .  
These  resu l t s  t h u s  s u p p o r t  those  of p rev ious  inves t iga t ions ,  
i n d i c a t i n g  s l ight  i m m u n o s u p p r e s s i o n  b y  k i d n e y  b e a n  
ex t r ac t s  1-s. W i t h i n  21 days  t he  t e s t  an ima l s  did  no t  
p roduce  an t ibod ie s  aga in s t  l eucoagg lu t in in  de t ec t ab l e  b y  
i m m u n o d i f f u s i o n  in agar .  I t  is possible  t h a t  c rude  b e a n  
e x t r a c t s  are more  p o t e n t  as i m m u n o s u p p r e s s a n t s  t h a n  
pur i f ied  l y m p h o c y t e - s t i m u l a t i n g  f ract ions ,  I t  m a y  t h u s  be 
worth whi le  to  i n v e s t i g a t e  f r ac t ions  o t h e r  t h a n  t he  
l e u c o a g g l u t i n a t i n g  a n d  l y m p h o c y t e - s t i m u l a t i n g  ones  
f rom k i d n e y  b e a n s  for i m m u n o s u p p r e s s i v e  effects. T h e  
p rospec t ive  cl inical  use of t h e  k i d n e y  b e a n  l eucoagg lu t in in  
for  p r o l o n g a t i o n  of g ra f t  s u r v i v a l  seems to  be  h igh ly  

Table III. Number of recipients bearing visibly pulsatile cardiac grafts at different time periods after grafting 

Treatment (mg/kg body wt.) 7 

No. of mice With visibly pulsatile grafts after indicated number of days % 

11 14 17 21 32 

La (2) 8 (100) 8 (100) 0 (0) 0 (0) 0 (0) 0 (0) 
La (4) 18 (86) 21 (100) 19 (90) 1 (8) 0 (0) 0 (0) 
OxLa (4) 18 (100) 12 (67) 7 (39) 0 (0) 0 (0) 0 (0) 
DenLa (4) 16 (94) 17 (100) 5 (29) 0 (0) 0 (0) 0 (0) 
RAM'rG (150) 3 (100) 3 (f00) 3 (100) 3 (100) 3 (100) 3 (100) 
BSA (4) 14 (100) 12 (S6) 2 (14) 0 (0) 0 (0) 0 (0) 

All t e s t  s u b s t a n c e s  were  i n j ec t ed  i.v, i n to  t h e  ta i l  veins,  
t he  t r e a t m e n t  s t a r t i n g  1 or  2 days  before  t h e  g r a f t i ng  a n d  
t h e n  c o n t i n u i n g  twice  weekly  u n t i l  re jec t ion .  Con t ro l  
mice received 100 b~g b o v i n e  s e rum a l b u m i n  (t3SA). 

Resulls and discussion. T he  i.v. r ou t e  of a d m i n i s t r a t i o n  
was chosen,  because  we w a n t e d  a u n i f o r m  d i s t r i b u t i o n  
of t he  s u b s t a n c e  in  t he  t e s t  an imals .  T he  cha rac t e r i s t i c s  
of t he  t e s t  subs t ances  are  s u m m a r i z e d  in T a b l e  I. The  
n a t i v e  l eucoagg lu t in in  is s t rong ly  l y m p h o c y t e - s t i m u l a t i n g  
Leucoagg lu t in in  o x i d a t e d  w i t h  sod ium pe r ioda t e  is no  
longe r  l y m p h o c y t e - s t i m u l a t i n g ,  a l t h o u g h  m o s t  of i t s  
a g g l u t i n a t i n g  a c t i v i t y  is preserved .  T he  h e a t  d e n a t u r e d  
!eucoagg lu t in in  was i n a c t i v e  in v i t ro .  These  3 forms of t he  
l eucoagg lu t in in  were used in o rder  to  e luc ida te  t he  rela-  
t i o n s h i p  b e t w e e n  t h e  in  v i t r o  ac t iv i t i e s  a n d  t h e  in v ivo  
effects.  

The  acu te  t o x i c i t y  of t h e  l eucoagg lu t in in  was r a t h e r  
h igh,  wh ich  l im i t ed  t h e  r ange  of doses usable  in  t he  t e s t  
series. The  resu l t s  of t he  t o x i c i t y  t e s t s  are s u m m a r i z e d  in 
Tab le  I I .  The re  h a v e  been  a few repor t s  on  t h e  acu te  
t o x i c i t y  of commerc i a l l y  ava i l ab le  P H A  p repa ra t ions .  
W h i l e  a dose of 150-250 m g / k g  p h y t o h a e m a g g l u t i n i n - M  
(Difco Inc .  or  Genera l  B ioehemica l s  Inc. ,  USA)  h a s  b e e n  
r e p o r t e d  to  cause  s ign i f i can t  m o r t a l i t y  in  mice1~ 19, 
NoRI~S a n d  MARSHALL 2~ r epo r t ed  t h a t  50-150 m g / k g  of 
p h y t o h a e m a g g l u t i n i n  (Wel lcome Resea rch  Labora to r i e s ,  
Eng land )  was suff ic ient  to  p roduce  some m o r t a l i t y .  Thus  
t he  l eucoagg lu t in in  is cons i de r ab l y  more  tox ic  t h a n  t he  

ques t ionab le ,  due  to  i t s  h i g h  t o x i c i t y  a n d  v e r y  weak  
i m m u n o s u p p r e s s i v e  effect.  However ,  o t h e r  subs t ances  in  
t h e  k i d n e y  b e a n  ex t r ac t s  m a y  be  less toxic  a n d  more  
effect ive  as i m m u n o s u p p r e s s a n t s .  

Zusammen/assung. N a c h  der  ~Virkung auf  die ~ b e r -  
l ebensze i t  v o n  T r a n s p l a n t a t e n  bei Mgusen  zu schliessen,  
bes i t z t  Leucoagg lu t in in  aus  Phaseolus vulgaris ex t r ah i e r t ,  
eine n u r  schwache  i m m u n o s u p p r e s s i v e  Aktivit~tt .  Sie is t  
n i c h t  deu t l i ch  m i t  der  l y m p h o z y t e n s t i m u l i e r e n d e n  oder  
agg lu t i n i e r enden  A k t i v i t g t  ve rkn i ip f t .  E ine  s t a rke  a k u t e  
Toxiz i t / i t  yon  L e u k o a g g l u t i n i n  wurde  festgestel l t .  
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