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Alteration of Humoral Antibody Production Following in vivo Administration of Phytohemag- 
glutinin 

T h e  ' b l a s togen ic '  a n d  m i t o g e n i c  p rope r t i e s  of p h y t o -  
h e m a g g l u t i n i n  ( P H A )  h a v e  b e e n  n o t e d  b y  m a n y  inves t i -  
ga to r s  s ince  t h e  or ig ina l  d i s cove ry  of i t s  a c t i v i t y  o n  
l y m p h o i d  ceils in  v i t r o  1 T h e  in v ivo  effects of P H A  h a v e  
on ly  r e c e n t l y  been  i n v e s t i g a t e d  a n d  h a v e  b e e n  u n d e r -  
t a k e n  in m a n  2,3, r o d e n t s  4-9 a n d  dogs 1°. 

The  morpholog ica l  a l t e r a t i o n s  of l y m p h o i d  cells evoked  
b y  P H A  in v i t r o  b e a r  a s t r i k ing  r e s e m b l a n c e  to  t he  
c h a n g e s  t a k i n g  p lace  d u r i n g  t he  cel lular  r e sponse  to  an t i -  
genic  s t i m u l a t i o n .  I t  could  b e  i n t e r p r e t ed ,  there fore ,  t h a t  
PI-IA would  h a v e  a n  e n h a n c i n g  ef fec t  u p o n  t h e  i m m u n o -  
logic c a p a c i t y  of l y m p h o i d  ceils. T h e  re su l t s  of in  v i v o  
s tud ies  h a v e  been,  however ,  inconc lus ive .  I t  h a s  b e e n  
s h o w n  t h a t  P H A  e n h a n c e s  a n t i b o d y  p r o d u c t i o n  4,~ a n d  
c o n v e r s e l y  t h a t  P H A  suppresses  a n t i b o d y  p r o d u c t i o n  ~,T& 
Recen t ly ,  i t  h a s  been  r e p o r t e d  t h a t  P H A  suppresses  sk in  
a l lograf t  r e j ec t ion  in  mice  ~. T he  s t u d y  he re in  r e p o r t e d  
was  u n d e r t a k e n  to  d e t e r m i n e  t h e  role of P H A  on  h u m o r a l  
a n t i b o d y  p r o d u c t i o n  to  b a c t e r i a l  an t igens .  

Mater ia l s  and  methods. A n i m a l s :  a d u l t  ma le  C57B1/6  
mice  were  used t h r o u g h o u t  t h i s  s tudy .  P h y t o h e m a g -  
g l u t i n i n :  p h y t o h e m a g g l u t i n i n - P  (Difco Labo ra to r i e s ,  
De t ro i t ,  Michigan)  was  r e h y d r a t e d  w i t h  s ter i le  0 .85% 
sa l ine  p r io r  to  i n j e c t i o n  in  v ivo .  I m m u n i z a t i o n :  i m m u n i z a -  
t i o n  was  ca r r i ed  o u t  w i t h  ki l led Brucel la  abortus (U.S.  
D e p a r t m e n t  of Agr icu l tu re ,  Ames ,  Iowa) .  T h e  i n j e c t i o n  
dose cons i s t ed  of 0.5 ml  (1 × 10~ cel ls /ml)  g iven  as 0.3 m l  
i.p. a n d  0.1 m l  i .m. in  2 sites. A n i m a l s  were  b led  a t  
week ly  i n t e rva l s  for  se rum.  These  sera  were  i n d i v i d u a l l y  
t r e a t e d  a n d  s t a n d a r d  t u b e  a g g l u t i n a t i o n  p rocedure s  were  
ca r r i ed  out .  T i t e r s  were  expressed  as  t h e  log2 of t h e  
rec ip roca l  of t h e  l a s t  d i l u t ion  g iv ing  v is ib le  agg lu t i na t i on .  

E x p e r i m e n t a l  des ign  : A n i m a l s  were  g r ouped  as fol lows:  
(1) Mice t h a t  were  u n i n j e c t e d  w i t h  P H A  a n d  were  im-  
m u n i z e d  w i t h  ki l led B.  abortus. (2) Mice t h a t  rece ived  a 
s ingle i.p. i n j e c t i o n  of 0.1 m l  P H A  da i ly  for  3 d a y s  a n d  
were  i n j e c t e d  w i t h  kiI led B.  abortus 24 h a f t e r  t h e  t h i r d  
P H A  in jec t ion .  (3) Mice t h a t  were i n j ec t ed  w i t h  ki l led 
B.  abortus a n d  were  i n j ec t ed  i.p. w i t h  0.1 m l  P H A  da i ly  
for  3 days  b e g i n n i n g  24 h a f t e r  i m m u n i z a t i o n .  (4) Mice 
t h a t  were  u n i n j e c t e d  w i t h  P H A  a n d  were  i n j ec t ed  w i t h  
ki l led B .  abortus. A second i n j ec t i on  of a n t i g e n  was g iven  
3 weeks  a f t e r  t h e  f i rs t  in jec t ion .  (5) Mice t h a t  rece ived  a n  
i.p. i n j ec t ion  of 0.1 ml  P H A  da i ly  for  3 days  a n d  were 
i n j ec t ed  w i t h  ki l led B.  abortus 24 h a f t e r  t h e  t h i r d  P H A  
in jec t ion .  A second  i n j e c t i o n  of ki l led B.  abortus was  
g iven  3 weeks  a f t e r  t he  f i r s t  in jec t ion .  (6) Mice u n i n j e c t e d  
w i t h  P H A  rece ived  a n  in j ec t ion  of ki l Ied B.  abortus. T h r e e  
weeks  a f t e r  t h e  in i t i a l  an t i gen i c  s t i m u l a t i o n ,  s ingle i.p. 
i n j ec t ions  of 0.1 m l  P H A  were  g iven  da i ly  for  3 days.  A 
second i n j ec t i on  of k i l led  B.  abortus was g iven  24 h a f t e r  
t he  t h i r d  i n j ec t i on  of P H A .  

Results .  P H A  t o x i c i t y :  as  was  n o t e d  in  a p r e v i o u s  
s t u d y  g, n o  a d v e r s e  effects  were  o b s e r v e d  in  a n y  of t h e  
mice  t r e a t e d  w i t h  P H A .  A t r a n s i e n t  l i s t lessness  was  
obse rved  wh ich  las ted  f rom 2 - 4  d a y s  a f t e r  P H A  a d m i n -  
i s t r a t ion .  No d e a t h s  occu r red  as a r e su l t  of P H A  a d m i n -  
i s t r a t ion .  

A n t i b o d y  f o r m a t i o n  (Table) : (1) A n t i b o d y  f o r m a t i o n  in  
u n t r e a t e d  controls .  P e a k  a n t i b o d y  t i t e r s  were  o b s e r v e d  
a t  14 days  a f t e r  an t i gen i c  s t i m u l a t i o n .  T h e r e  was  a 
g r a d u a l  r e d u c t i o n  in  t i t e r  u p o n  s u b s e q u e n t  tes ts .  (2) E f f ec t  
of P H A  a d m i n i s t r a t i o n  on  t h e  p r i m a r y  response .  As  
c o m p a r e d  w i t h  u n t r e a t e d  cont ro ls ,  a lower  m e a n  t i t e r  
was  p r e s e n t  fo l lowing a p r i m a r y  s t i m u l u s  g iven  24 h 
a f t e r  P H A  a d m i n i s t r a t i o n .  T h e r e  was a g a i n  a p e a k  a t  
14 d a y s  w i t h  a g r a d u a l  r e d u c t i o n  t he r ea f t e r .  A d m i n i s t r a -  
t i on  of P H A  b e g i n n i n g  24 h a f t e r  t he  i n j ec t i on  of a n t i g e n  
fa i led  to  a l t e r  t h e  f o r m a t i o n  of a n t i b o d y .  (3) E f fec t  of 
P H A  a d m i n i s t r a t i o n  on  t h e  s e c o n d a r y  response.  U n -  
t r e a t e d  con t ro l  mice  showed  t h e  t y p i c a l  r ap id  inc rease  
in  a n t i b o d y  t i t e r  fo l lowing a second  i n j ec t i on  of an-  
t igen .  No s ign i f i can t  c h a n g e  in  a n t i b o d y  f o r m a t i o n  was  
n o t e d  w h e n  P H A  t r e a t m e n t  was  g iven  p r io r  to  t h e  second  
in jec t ion .  A n i m a l s  t h a t  h a d  p r e v i o u s l y  s h o w n  suppres sed  
a n t i b o d y  f o r m a t i o n  to  a p r i m a r y  s t imulus ,  gave  a b r i s k  
s e c o n d a r y  re sponse  w h e n  g iven  a second  i n j e c t i o n  of 
a n t i g e n  w i t h o u t  p r io r  P H A  t r e a t m e n t .  

Discussion.  Thi s  s t u d y  h a s  s h o w n  t h a t  P H A  causes  a 
m a r k e d  depress ion  in  t h e  f o r m a t i o n  of a n t i b o d y  to  
B.  abortus. T h e  depress ion  of a n t i b o d y  p r o d u c t i o n  was  
o b t a i n e d  on ly  w h e n  P H A  was  a d m i n i s t e r e d  pr io r  to  an t i -  
genic  s t i m u l a t i o n  a n d  no  a l t e r a t i o n  was  a p p a r e n t  w i t h  
t h e  s e c o n d a r y  response .  T h i s  is in  a g r e e m e n t  w i t h  t h e  
f ind ings  of o t h e r  a u t h o r s  u s ing  d i f f e r en t  a n t i g e n s  5,s. 
T h e s e  o b s e r v a t i o n s  a re  also c o n s i s t e n t  w i t h  f ind ings  
p r e v i o u s l y  n o t e d  for  sk in  a l logra f t  r e j e c t i o n  ~. One  s t u d y  
f o u n d  b o t h  p r i m a r y  a n d  s e c o n d a r y  re sponses  dep res sed  L 
I n  c o n t r a s t  to  t h e  p r e s e n t  obse rva t ions ,  e n h a n c e m e n t  of 
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Antibody titers of experimental groups 

Experi- No. of 
mental animals 
group 

Mean antibody triers log~ (days after antigen injection) 

7 I4 21 28 35 42 

1 20 6.5 ~ 1.4 8.7 n u 2.3 8.3 4. 1.6 
2 28 2.1 ± 0.3 3.8 4. 1,4 3.2 4. 1.2 
3 30 6.2 4. 1.1 7.9 4. 1.9 7.7 4- 2.1 
4 18 6.6 -t- 1.3 8.2 4. 1.2 8.5 4. 0.6 
5 16 2.2 4- 0.6 3.4 4- 1.1 3.3 4- 1.2 
6 25 6.4 4- 1.4 7.5 4- 0,9 7.9 4- 1.0 

7.5 4. 2.1 7.2 4- 1.3 6.8 q- 1.2 
3.0 4. 0.6 2.7 4. 1.0 2.4 4. 0.8 
7.2 4. 1.2 6.8 -t- 1.4 6.5 4. 1.8 
9.5 ~ 1.1 10:5 4- 1.3 10.3 4- 1.6 
8.3 =J: 0,5 9.0 -t- 1.2 9.1-1- 1.4 
9;8 4. 1,3 10.2 4. 1.4 10.3 4- 1.4 
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the  i m m u n e  response has  been noted  following I ) H A  
admin i s t r a t ion  4,% Al though  no answer  is readi ly  avai lable  
to  expla in  these  differing results,  i t  has  been shown t h a t  
t he  t y p e  of an t igen  used is i m p o r t a n t  in ob ta in ing  e i ther  
inhibi t ion  or  enhancemen t  of an t i body  fo rmat ion  4. 

I t  is possible t h a t  phy tohemagg lu t in in  acts in 1 of 2 
ways  to a l te r  t he  i m m u n e  response:  (1) P H A  produces  a 
general  toxic  effect upon the  an imal  which reduces i ts  
ab i l i ty  to  respond to  ant igenic  s t imula t ion  or (2) P H A  
al ters  t he  immunolog ic  compe tence  of l ymphocy te s  when  
adminis te red  in vivo.  

I t  has been  shown t h a t  h igh dosages and repea ted  
admin i s t r a t ion  of P H A  can produce  toxic  side effects I1. 
This  was no t  t he  case in t he  present  s tudy,  the  period of 
listlessness noted  in the  P H A  t rea ted  animals  was only 
t ransient .  Af te r  the  per iod of 2-4 days  the  t rea ted  animals  
could no t  be dis t inguished f rom the  un t r ea t ed  controls.  
The  findings t h a t  P H A  is only effect ive when  adminis tered  
pr ior  to ant igenic  s t imula t ion  argues agains t  a general ized 
toxic  effect. 

Rega rd ing  the  second possibili ty,  i t  has been shown 
t h a t  P H A  interferes  w i th  the  normal  metabol ic  processes 
of the  l y m p h o c y t e  12. A recent  s tudy  13 indicated t h a t  
glucose metabo l i sm in in tac t  l ymphoey te s  was al tered by  
P H A .  There  was enhancemen t  of the  pentose  phospha te  
p a t h w a y  and the  pentose  cycle. This  a l te ra t ion  was felt  
to ref lect  the  r equ i r emen t  for b iosynthe t ic  in te rmedia tes  
by  the  l y m p h o c y t e  in order  to  accommoda te  the  mi to t ic  
a c t i v i t y  b rough t  abou t  by  P H A .  

Since the  effect of P H A  was only apparen t  before anti-  
genic s t imulat ion,  i t  would  seem reasonable to assume 
t h a t  once the  processes proceeding toward  an t ibody  pro-  

duc t ion  are  underway,  the  i m m u n e  cell is unresponsive  
to  a l te ra t ion  by  P H A .  

The  present  s tudy  also indicates  t h a t  the  effect  of P H A  
is somewha t  t ransient .  The  animals  g iven  P H A  pr ior  to  a 
p r i m a r y  ant igenic  s t imulus  p roduced  a secondary  response 
only  s l ight ly  depressed f rom the  t i t e r  p roduced  by  un-  
t r ea ted  controls  3 weeks af ter  P H A  adminis t ra t ion .  

As men t ioned  previously,  the  in v i v o  elfects  of P H A  
h a v e  on ly  recen t ly  been studied.  A n u m b e r  of ques t ions  
r emain  to be  answered and the  exac t  mechan i sm of the  
P H A  a l te ra t ion  in v i v o  remains  to be elucidated.  P resen t ly  
s tudies are  u n d e r w a y  in this l abora to ry  to shed fu r the r  
l ight  upon this  phenomenon  ~*. 

Zusammen/assung. Es  wird gezeigt, dass P h y t h ~ m a g -  
g lu t in in  (PHA) die Ant ik6rperb i ldung  gegen Brucella 
abortus bet der  Maus merkl ich  herabse tz t ,  aber  nur  dann,  
wenn  P H A  vor  dem Ant igens t imulus  ve rabre ich t  wird  
und  die immunologische  Zwei t reak t ion  (secondary re- 
sponse) unver / inder t  bleibt .  
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Immuno-Precipitates  in Agar-Dextran Media 

I n  1961 OGSTON and  PHELPS 1 repor ted  the  unequal  
d i s t r ibu t ion  of solutes be tween  buffer  solutions and  
hya luron ic  acid solution.  T h e y  ascribed this  effect  to 
exclusion f rom hya luron ic  acid solution.  L a t e r  on  
LAURE~T 2,~ demons t r a t ed  t h a t  dex t r an  decreases the  
solubi l i ty  of a n u m b e r  of proteins,  and  he  observed  t h a t  
t h e  decrease in solubi l i ty  of se rum a lbumin  was  n o t  
dependen t  On degree of po lymer iza t ion  of dex t ran ,  on 
pH,  on the  abso lu te  sa l t  concen t ra t ion  or  on the  absolu te  
pro te in  concent ra t ion .  KROLL and DYBKAER ¢ found t h a t  
low molecular  we igh t  dex t r an  prec ip i ta tes  f ibr inogen 
f rom plasma.  WELLS 5 repor ted  the  same finding. Precipi-  
t a t i on  of 7-globulin by  dex t r an  was repor ted  by  POLSON 
et  al. 6 and  TURINI and BRUZZESI ?. HELLSING a added  
d ex t r an  to  a sys tem conta in ing  ~25I-labelled h u m a n  se rum 
a lbumin  and  7-globulin f rac t ion f rom rabb i t  an t i - a lbumin  
sera. H e  showed t h a t  p rec ip i ta t ion  was enhanced.  The  
degree of p rec ip i ta t ion  was re la ted  to  the  molecular  we igh t  
and  the  concen t ra t ion  of the  dext ran .  The  prec ip i ta t ion  
of p lasma prote ins  by  dex t r an  and by  po lye thy lene  
glycol  was repor ted  by  IVERIUS and LAURENT 9. B o t h  
LAVRENT and HELLSING described this  effect  as an effect 
of steric exclusion f rom the  domain  of the  polysacchar ide  
molecule.  

I n  the  inves t iga t ion  described below we observed 
sharpening  and a be t t e r  resolut ion of an t igen-an t ibody  
precipi t in  lines when  dex t r an  was included into agar  
medium.  The  enhancemen t  of prec ip i t in  lines be tween  
insulin and insulin ant isera  in the  presence of dex t r an  
will  be  publ ished 1°. The  i m m u n o t e c h n i q u e  used was t h a t  
of  GRABAR a n d  WILLIAMS ll, l~. The  immunoe lec t ropho-  

rests was per formed on microscope slides in L K B  immuno-  
electrophoresis  appara tus ,  The  ' con t ro l  slides'  were  coa ted  
w i t h  1.5% agar  solut ion (Agar-Noble  f rom Difco) m a d e  
up  in verona l  buffer  (pH 8.6, ionic s t r eng th  0.03), T h e  
' exper imen ta l  slides'  were coa ted  wi th  1.5% agar  solut ion 
which  conta ined  D e x t r a n  i0  in final  concen t ra t ion  of 2% 
(w/v) (made  up in verona l  buffer of  t he  above  p H  and  
ionic s t rength) .  B o t h  the  agar  for cont ro l  slides, as well  
as the  aga r -dex t r an  for t he  ' expe r imen ta l  slides'  con ta ined  
Merthiola te .  The  e lec t rophore t ic  separa t ion  was run  in 
ve rona l  buffer  (pH 8.6, ionic s t r eng th  0.1) a t  room 
t e m p e r a t u r e  a t  250 V and 27 m A  (4.5 mA/s t r ip) .  A b o u t  
2 #1 of und i lu ted  bovine  se rum were placed into  t h e  well. 
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