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A d j u v a n t  A c t i v i t y  o f  R i c i n  a s  M e a s u r e d  b y  J e r n e ' s  

Many  subs tances  have  been  r epo r t ed  to  ac t  as i m m u n o -  
logical ad juvan t s .  W e  r epor t  t h a t  a tox ic  pro te in ,  ricin 
f rom Ricinus  communis  L. ,  exer t s  an a d j u v a n t  a c t i v i t y  
expressed  in t e r m s  of an  increase in t h e  n u m b e r  of p laque-  
fo rming  cells as measured  by  Je rne ' s  p laque  technique .  
A ricin p r epa ra t i on  was  k ind ly  suppl ied  b y  Prof.  M. FU- 
NATSU and  Dr. G. FUNATSLL F a c u l t y  of  Agr icul ture ,  
K y u s h u  Univers i ty .  This  is a h ighly  pur i f ied  and  tox ic  
p ro te in  (MLDs0 0.2 [xg per  mouse) of a molecular  we igh t  
60,000 and  an  isoetectr ic p o i n t  5.9, which  possesses  no 
h e m a g g l u t i n a t i n g  a n d  p ro teo ly t i c  ac t iv i t ies  z, ~. 

CFI  mice  weighing abou t  30 g were  in jec ted  e i ther  i.p. 
w i t h  0.2 ml  or i.v. w i t h  0.05 ml  of  a saline conta in ing  
var ious  a m o u n t s  of r icin and  a t  t h e  s ame  t i m e  i.v. w i t h  
0.1 ml  of a 20% sheep red blood cell suspens ion  (4 x l0  s 
cells). 4 days  a f te r  t h e  in jec t ions  a n t i b o d y - f o r m i n g  cells 
of  t h e  spleen were  e s t i m a t e d  accord ing  to  t h e  J E s s E ' s  
p laque  t echn ique  *. 

P l a q u e  T e c h n i q u e  

The  g roup  which  had  received 0.02 txg ricin a long w i t h  
the  sheep red b lood cells showed a s ignif icant  increase 
in the  n u m b e r  of p l aque - fo rming  cells as c o mp a r e d  w i t h  
a contro l  g roup  ( P <  0.001), ind ica t ing  t h a t  r icin pos-  
sesses an a d j u v a n t  a c t i v i t y  (Figure 1). Resul t s  shown in 
t he  Table  ind ica te  t h a t  a ve ry  smal l  a m o u n t  of r icin 
(0.02 vtg) exe r t s  a c o m p a r a b l e  a d j u v a n t  e f fec t  w i t h  t h a t  
of 200 txg of wax  D. 

E x a m i n a t i o n s  of t he  d a t a  in t he  Table  in more  de ta i l  
reveals  t h a t  t h e  n u m b e r  of whole  v iable  spleen cells was  
increased s igni f icant ly  w h e n  mice  were  in jec ted  w i t h  the  
red blood cells plus wax  D ( P  < 0.01), whi le  no s ignif icant  
increase was  observed  wi th  t he  g roup  receiving the  red 
blood cells p lus  r icin ( P >  0.2). The  d a t a  ind ica te  also 
t h a t  a s igni f icant ly  larger n u m b e r  of p laques  per  10 e 
spleen cells was  obse rved  in t he  group  receiv ing r icin 
t h a n  t h a t  rece iv ing  w a x  D ( P  < 0.02), while,  w h e n  com- 
pa red  on the  basis  of t he  whole  spleen,  no s igni f icant  
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Fig. 1. Numbers of plaque4orming cells of the spleen of mice 
injected either i.p. or i.v. with a saline containing various amounts 
of ricin. At the same time mice were injected i.v. with sheep red 
blood cells (4 × 108). 
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Fig. 2. Numbers of viable spleen cells of mice counted 4 days after 
i.p. or i.v. injections of various amounts of ricin. At the same time 
mice were injected i.v. with sheep red blood cells (4 x 10*). 
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Mean numbers (4-S.D.) of viable spleen ceils and plaque-forming 
cells after the injection of sheep red blood cells (sRBC) with adjuvants 

Group No. of No. of plaques 
viable cells per I0 n viable 
per spleen cells 
(x 108) 

per spleen 

Saline 0.99 4- 0.23 3.2 ± 0.9 300 4- 77 
sRBC 1.94 4- 0.26 698.7 ± 72.1  135,375 4- 23,985 
Wax D 0,95 d- 0.13 1.7 -4- 0.5 156 4- 41 
sRBC + wax D 2.78 =~ 0.09 1,017.6 4- 146.3 283,783 4- 48,035 

1<0.01), (= 0.02)- (<0.011= 
Ricin 0.83 4- 0.21 1.5 4- 0,4 110 -4- 12 
sRBC + ricin 1.72 + 0.06 1,503.6 4- 135.0 257,975 4- 29,743 

(>0.2)- (<0.001)= (<0.01)~ 
(< 0.02) ~ (> o,5) 

4 mice were used for each group. 200 ~.g of wax D suspension or 
0.02vg of ricin were injected i.p. , P values (Student's t-test)- 
sRBC + wax D or ricin vs. sRBC. b p values -- sRBC + ricin vs. 
sRBC + wax D. 
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Fig. 3. Numbers of viable spleen cells of mice counted 4 days after 
the i.p. injection of various amounts of wax D and i.v, injection of 
sheep red blood cells (4 x 108). 
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difference in t he  number  of p laques  was observed be tween  
the  two  groups (P  > 0.5). 

These da t a  suggest  t h a t  r icin migh t  exer t  a cy to tox ic  
effect, which migh t  be the  basis for its a d j u v a n t  effect.  
P re I iminary  da t a  suppor t ing  this  possibi l i ty  were ob ta ined  
as follows. Mice were in jec ted  w i t h  the  sheep red blood 
cells plus var ious  amoun t s  of e i ther  r icin or wax  D. As 
shown in F igure  2, t he  numbers  of  whole  v iab le  ceils 
were s ignif icant ly  decreased wi th  the  increase in the  
a m o u n t  of ricin injected.  I n  contrast ,  as shown in F igure  3, 
t he  n u m b e r  of whole v iab le  spleen cells was s ignif icant ly  
increased wi th  the  increase in the  a m o u n t  of w a x  D 4. 

Z,~sammenfassung. Es  wird gezeigt,  dass In j ek t ion  von  
R i z i n u s - E x t r a k t  die P l aque -Bi ldung  im  Je rne -Tes t  f6r- 

dert,  was daftir  spricht ,  dass die zy tos ta t i sche  Wi rkung  
des Riz inus  m i t  der  Adjuvansf~h igke i t  gekoppel t  ist. 
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Placenta l  Trans fer  of a H u m a n  IgG2 Monoc lona l  

A m o n g  the  four  known h u m a n  IgG heavy-cha in  sub- 
classes x, 2 only  IgG1 and IgG3 are known to be t ransfer red  
across the  p lacen ta  ~. 

The  f inding dur ing  rout ine  tes t ing  of a monoc lona l  
IgG2 L prote in  in the  serum, of a hea l thy  w o m a n  in her  
6th m o n t h  of p regnancy  4 p rov ided  a un ique  o p p o r t u n i t y  
for t h e  s t udy  of the  p lacenta l  t ransfer  of this subclass. 

Material and methods. Serum samples.  Mate rna l  se rum 
samples  were col lected a t  the  day  of bir th,  and 3 months ,  
2, and 3 years  after.  All immunoglobu l ins  r emained  
q u a n t i t a t i v e l y  s table dur ing the  per iod of observat ion .  

Serum samples  were also col lected f rom the  infant ,  a t  
the  day  of b i r th  (cord's blood), and af terwards,  a t  days  
15, 30, 60, 90, 120, 150 and 215. 

E lec t rophore t ic  and immunoe lec t rophore t i c  studies.  
All se rum samples were s tudied e lec t rophore t ica l ly  on 
cellulose ace ta te  5,6 and immunoe lec t rophore t i ca l ly  in 
agar,  according to the  mic ro techn ique  described by  
SCHEIDEGER 7, using horse ant i -whole  h u m a n  serum. 

Q u a n t i t a t i v e  assay of immunoglobul ins .  Immunog lo bu -  
lins were q u a n t i t a t e d  by  radia l  immunodi f fus ion  s. 

H e a v y  and l ight  chain  t yp ing  of the  monoclona l  pro-  
tein. The  p repa ra t ion  of specific an t i -heavy  chain  sub- 
class sera has been descr ibed in deta i l  elsewhere °. Ant i -  
whole l ight  chain ant iserum,  prepared  "in a r abb i t  by  
in jec t ion  of isolated l ight  chains  ob ta ined  af ter  reduc t ion  
and a lkyla t ion  of normal  IgG lo, was rendered specific 
for ×- and ~-chains by  absorp t ion  wi th  isolated IgG 
monoclona l  prote ins  of the  opposi te  l igh t  chain  type .  
Due  to the  presence of no rma l  IgG, classif icat ion of the  
monoclona l  p ro te in  was only  possible by  immunoe lec t ro -  
phoresis. 

Qu an t i t a t i ve  assay of IgG subclasses. T i t r a t i on  of IgG 
subclasses was done as described elsewhere 9. Ti t res  were 
t r ans fo rmed  into  percentages  of a normal  s t andard  af ter  
correct ion for to ta l  IgG content .  

Calculat ion of half- l ives for  c i rcula t ing  IgG and IgG2 
in t he  infant .  The  per iod of t i m e  necessary for a 50% 
decrease in c i rcula t ing  IgG and IgG2 was de te rmined  
f rom plots  of concen t ra t ion  versus  t ime,  where  t he  slopes 
were  d rawn  so as to  represent  an  average  ra te  of decl ine 
a t  to ta l  IgG levels  h igher  t h a n  500 rag/100 ml.  

Results. A monoclona l  componen t  mig ra t ing  in t he  
fas t  y-region was  de tec ted  b o t h  in m o t h e r  and  in fan t ' s  
sera by  cellulose ace ta te  electrophoresis  and i m m u n o -  
electrophoresis .  The  abno rma l  pro te in  could stil l  be  
de tec ted  in in fan t ' s  samples  col lected a t  days  120 and 

Prote in  

150 af te r  b i r th  (by immunoelec t rophores i s  only, in the  
last). This  p ro te in  was t yped  in bo th  m o t h e r  and in fan t ' s  
se rum samples  as IgG2 L. The  resul ts  of immunog lobu l in  
assay in serum samples  ob ta ined  f rom m o t h e r  and  in fan t  
are shown in Tab le  I. 

I gG subclasses were  t i t r a t ed  in se rum samples  col lected 
f rom the  mo the r  a t  day  of b i r th  and  f rom the  infan t  a t  
days  30, 60, 120 and  215 af te r  b i r th ,  and resul ts  are  
g iven in Tab le  I I .  

The  results  of the  q u a n t i t a t i v e  assay of IgG, lgG2,  
and IgM in infants  samples  are p lo t t ed  versus t ime  in 
the  Figure.  Ha l f  l ives of 45 and 60 days  were calcula ted 
for IgG and IgG2, respect ively .  

Discussion. The  se lec t iv i ty  of the  p lacenta l  t ransfer  
of IgG n was observed in the  present  case, as shown by  
the  s imi la r i ty  of the  levels  of this  immunoglobu l in  in 
mo the r ' s  and infan t ' s  sera a t  day  of bi r th ,  and by  the  
v e r y  low levels of IgA and IgM detec ted  in the  infant .  
IgG levels decreased dur ing  the  first  3 mon ths  of life, 
as expec ted  x~, and levels  of IgA increased only  s l ight ly  
up to  d a y  215, also in ag reemen t  wi th  repor ted  da t a  for 
t h a t  immunoglobu l in  12 Less expec ted  was the  v e r y  ear ly  
rise of IgM, reaching  normal  adul t  levels  as soon as day  30. 
This  da t a  was conf i rmed immunoelec t rophore t ica l ly .  

In fo rma t ion  abou t  the  p lacen ta l  t ransfer  of IgG sub 
classes was ob ta ined  in 2 different  ways. The  de tec t ion  
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