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P a r  ce proc6d6, les r6su l ta t s  posi t i fs  de p r6c ip i t a t ion  
on t  6t6 observ6s  apr6s 20-25 rain.  L a  m 6 t h o d e  est  r6elle- 
m e n t  p lus  r ap ide  que les aut res ,  ma i s  elle ne  p e u t  re l ldre  
service  q u ' e n  cas d ' ana lyse s  de pro t6 ines  caracter is6es  
p a r  la m i g r a t i o n  61ectrophor6t ique vers  l ' anode ,  ce qui  
les m6ne  ~ la r encon t r e  des i m m u n o g l o b u l i n e s  sp6cifiques 
qui  se d6p lacen t  ~ con t re  couran t .  Sons ce t t e  Io rme la 
m6 thode  n ' e s t  pas  u t i l i sab le  pou r  les p ro t6 ines  ca tho-  
diques.  

Compte  t e n u  du  probl6me,  nous  p roposons  une  modi -  
f i ca t ion  qui  p o u r r a  @tre p r a t i c a b l e  en  cas d ' a n a l y s e s  
acc616r6es des pro t6 ines  ca thod iques ,  s 6 p a r e m e n t  ou en  
m61ange avec  des pro t6 ines  anodiques .  D a n s  ce b u t  ilOUS 
avons  uti l is6 le gel d ' a g a r  ~ 1,5~o dans  u n  t a m p o n  v6 rona l  
sodique ~ p H  8, 2 ~, ~s. L ' a n a l y s e  es t  r6alis6e en  deux  t e m p s  : 

1. Sur  des p laques  de gel solidifi6, on  d6coupe deux  
rang6es  de r6servoirs,  p e r p e n d i c u l a i r e m e n t  au g rand  axe  
des p laques  (rgservoirs de 2 m m  de d i a m 6 t r e  e t  d i s t ance  
de 5 m m  ent re  les rang6es).  Les r6servoirs  c a t hod iques  
son t  rempl i s  p a r  les p ro tg ines  recherch6es ;  dans  des 
r6servoirs  du  c6t6 a n o d i q u e  on  i n t r o d u i t  l ' i m m u n s 6 r u m  
pr6c ip i t an t ,  s o u m e t t a n t  les p laques  ~ i '61ectrophor6se 
20 V/cm,  2,5 m A / c m  (Figure 1). La  p r6c ip i t a t i on  p e u t  se 
faire au cours  de l '61ectrophor6se pou r  les p ro t6 ines  con- 
centr6es,  ou peu apr6s  p o u r  les p ro t6 ines  dilu6es. 
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Fig. 1. Plaque avant 61ectrophor6se. 1. Antig6nes. 2. Immuns6rum. 
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Fig. 2. Plaque apr6s 61ectrophorbse. 1. Antigbnes. 2. Immuns6rum. 
3. Immunsdrum. 

2. Apr6s 25 rain,  on coupe le c o u r a n t  61ectrique e t  on  
forme une  t ro is i6me rang6e  de r6servoirs  (du c6t6 ca tho-  
d ique  qui  c o n t e n a i t  les an t ig6nes  6tudi6s) dans  lesquels  
on  i l l t rodu i t  l ' i m m u n s 6 r u m  p r g c i p i t a n t  (Figure  2). La  
p r6c ip i t a t i on  se fa i r  p a r  doub le  diffusion.  Le t e m p s  d ' ap -  
p a r i t i o n  des r6su l t a t s  posi t i fs  es t  pr6sent6  au  Tab leau .  

La  mod i f i ca t ion  p ropos fe  p e u t  se r6v61er tr6s ut i le  en 
ce qui  concerne  l ' ana lyse  acc61gr6e aussi  b ien  des an t i -  
g6nes que  des an t i co rps  e t  n o t a m m e n t  dans  les cas sui- 
v a n t s :  a) T i t r age  des an t i co rps  dans  des 6chan t i l lons  du  
sang  des a n i m a u x  immun i s6s  (v ivants )  avec  la d i s t i nc t ion  
s imu l t an6e  du  n i v e a u  des an t i co rps  an t i -p ro t6 ines  ano-  
d iques  e t  an t i - ca thod iques .  D a n s  une  seule journ6e  de 
t r ava i l  ce t te  mod i f i ca t i on  p e r m e t  de pr61eve r des 6chan-  
t i l lons  du  sang, de t i t t e r  les an t i co rps  et  m6me de sa igner  
les a n i m a u x ,  b) T i t r age  de pro t6 ines  anod iques  et  ca tho-  
d iques  dans  u n  m61ange donn6,  c) D 6 t e r m i n a t i o n  de la 
pu re t6  de p r 6 p a r a t i o n s  d ' an t ig6nes  e t  d ' i m m u n o g l o b u -  
lines, d) Modi f i ca t ion  pr6sentge  en  dehors  du t i t rage ,  m e t  
en 6vidence  l ' homog6n6i t6  ou h6t6rog6n6i t6  des subs t ances  
examin6es ,  b i en  qu 'e l le  soi t  moins  ut i le  dans  l ' 6 tude  de 
f rac t ions  prot6iques ,  ma i s  dans  ce cas I ' immuno61ect ro-  
phorgse  p e u t  ~tre d ' u n  g r a n d  recours.  

Summary. A new modi f i ca t ion  of aga r  i m m u n o -  
p r ec ip i t a t i on  is descr ibed.  The  mod i f i ca t ion  allows one 
to  sho r t en  t he  t i m e  of p r e c i p i t a t i o n  of p ro t e in s  wh ich  
a t  p H  8.2 m i g r a t e  t owards  anode  or ca thode .  I t  can  also 
be  used for t he  t i t r a t i o n  of an t ibod ies .  
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Circulating Hemagglutinins of New Zealand Black StrainMice Immunized with Sheep Erythrocytes 

E x p e r i m e n t s  emp loy ing  t he  JERNE 1 p laque  assay  h a v e  
d e m o n s t r a t e d  y o u n g  a d u l t  New Zea land  B l a c k  (NZB) 
s t r a in  mice  to  be  hype r r e s pons i ve  to p r i m a r y  i m m u n i z a -  
t ion  w i t h  sheep e ry t h r ocy t e s  whereas  old Coombs  pos i t ive  
an ima l s  m a n i f e s t e d  m a r k e d  i m m u n o d e p r e s s i o n  ~. I n  t h e  
case of ove r t l y  a u t o i m m u n e  N Z B  mice, p r o d u c t i o n  of 7S 

a n d  19S a n t i b o d y - f o r m i n g  cells d u r i n g  t h e  s econda ry  
response  was u n i m p a i r e d  3. The  p r e s e n t  r e p o r t  is a n  
a t t e m p t  to  d e t e r m i n e  ana logous  aspec ts  b e t w e e n  these  
obse rved  a n t i b o d y - f o r m i n g  cell p a t t e r n s  a n d  fea tures  of 
t he  c i rcu la t ing  a n t i b o d y  response  fol lowing a s imi lar  
i m m u n i z a t i o n  regimen.  Th i s  appea red  of added  in t e r e s t  
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in v iew of conf l ic t ing  d a t a  f rom a n u m b e r  of l abo ra to r i e s  
w i t h  regards  to  c i rcu la t ing  a n t i b o d y  dif ferences  a m o n g  
these  a n i m a l s  4-6. 

T w e n t y - s i x  5-week-old N Z B  a n d  26 B A L B / c J  mice  a n d  
t en  12- to  14-month-o ld  Coombs pos i t ive  N Z B  mice  were 
i m m u n i z e d  b y  i.p. i n j ec t ion  of 1 .5 •  sa l ine -washed  
sheep e r y t h r o c y t e s  (SRBC) a n d  i n d i v i d u a l  sera  assayed  
per iodica l ly  for t o t a l  a n d  m e r c a p t o e t h a n o l  (ME)- res i s t an t  
agg lu t in ins  b y  a p rev ious ly  descr ibed  m i c r o t i t e r  assay  7. 
S t a t i s t i ca l  e v a l u a t i o n  of t i t e r  va lues  was car r ied  ou t  b y  
t he  S t u d e n t  t- test .  All e x p e r i m e n t a l  an i m a l s  were t e s t ed  
per iodica l ly  for d i rec t  Coombs react ionsS.  

Results. Primary responses o/ young adult N Z B  and 
BALBO/c  mice. 4 days  a f t e r  p r i m a r y  i m m u n i z a t i o n  
(Figure  1, A a n d  B), c i rcu la t ing  a n t i b o d y  t i t e r s  of y o u n g  
a d u l t  N Z B  and  B A L B / c  mice  were essent ia l ly  ident ica l ,  
a n d  m o s t  of t he  a n t i b o d y  was ME-sens i t ive .  B y  7 days,  
however ,  t o t a l  a n d  M E - r e s i s t a n t  a n t i b o d y  levels of sera 
f rom y o u n g  N Z B  mice ev idenced  a n  increase  over  
B A L B / c  values,  wh ich  pers i s t ed  over  t he  46-day-per iod  
of t he  p r i m a r y  response.  E v a l u a t i o n  of these  d a t a  ind ica t ed  
t h a t  t he  differences  be t w een  N Z B  and  B A L B / c  p r i m a r y  
t i t e r s  were s t a t i s t i ca l ly  s ign i f ican t  (p < 0.01-0.001). Af te r  
day  17 of t he  p r i m a r y  response,  M E - t r e a t e d  NZt3 mouse  
sera  (Figure 1, B) showed  a n t i b o d y  a c t i v i t y  1-2 t i t e r s  
g rea te r  t h a n  u n t r e a t e d  sera (Figure l, A), a n  o b s e r v a t i o n  
for which  we a t  p r e s en t  h a v e  no  clear  exp lana t ion .  This  
m e r c a p t o e t h a n o l - a s s o c i a t e d  increase  was no t  obse rved  

w i t h  M E - t r e a t e d  p r i m a r y  sera  of e i the r  y o u n g  B A L B / c  
or old N Z B  mice. 

Secondary and tertiary responses at young adult N Z B  
and B A L B / c  mice. Fol lowing  a second S R B C  in jec t ion  
47 days  p o s t - p r i m a r y  i m m u n i z a t i o n ,  y o u n g  N Z B  and  
B A L B / c  mice  ev inced  s imi la r  t i t e r  increases  (Figure 2) 
a l t h o u g h  t h e  abso lu te  differences  in  p e a k  levels (day 56, 
F igure  2) r e m a i n e d  s ign i f ican t  b y  t he  t - tes t  (p < 0.01). 
B y  3 weeks fol lowing s econda ry  s t i m u l a t i o n  c i rcu la t ing  
t i t e r s  were s imi lar  for b o t h  mouse  s t ra ins .  Average  t i t e r s  
a t t a i n e d  were v i r t ua l l y  iden t ica l  fol lowing a t h i r d  S R B C  
in jec t ion  a d m i n i s t e r e d  on  d a y  138 (Figure 2). A t  th i s  
t ime  t h e  N Z B  mice showed  no ev idence  of a n  a u t o i m m u n e  
h e m o l y t i c  process,  p r e sen t ing  nega t i ve  Coombs  t e s t s  and  
n o r m a l  h e m a t o c r i t  va lues  (average  49%,  r ange  48-51).  
Pa ren the t i ca l l y ,  t he  m e r c a p t o e t h a n o l  e n h a n c i n g  effect, 
n o t e d  in t he  case of N Z B  p r i m a r y  sera (Figure 1), was 
obse rved  to occur  on ly  i n f r e q u e n t l y  fol lowing s econda ry  
a d m i n i s t r a t i o n  of S R B C  a n d  no t  a t  all fol lowing t e r t i a r y  
i m m u n i z a t i o n .  

Primary and secondary responses o/old N Z B  mice. Old 
N Z B  mice  m a n i f e s t e d  a de layed  t o t a l  (Figure 1, A) and  
M E - r e s i s t a n t  (Figure ~, B) p r i m a r y  a n t i b o d y  response,  
b u t  t he  usua l  sequence  p a t t e r n  of a p p e a r a n c e  of ME-  
sens i t ive  a n d  of M E - r e s i s t a n t  an t ibod ie s  9. Un l ike  t he  
responses  obse rved  w i t h  t he  y o u n g  mice, no a n t i b o d y  was 
p re sen t  a t  3 days  p o s t - i m m u n i z a t i o n ,  and  a t  7 days  all  
a n t i b o d y  r e m a i n e d  mercap toe thano l - sens i t i ve .  H o w e v e r  
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Fig. 1, A. Total reciprocal hemagglutinin titers for young NZB (�9 
young BALB/c (@), and overtly antoimmune, old NZB (A) mice, 
following i.p. injection of 1.5 • 109 sheep erythrocytes. 2 ~ -+ indicates 
time of administration of a second SRBC dose to mice in the old 
NZB group. B. Similar parameters as in A except responses represent 
titers after addition of 0.05M 2-mercaptoethanol to serum in the 
first dilution well. 
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Fig. 2. Secondary (2 ~ -+) and tertiary (3 ~ -+) total hemagglutinin 
titer responses of yom~g NZB and BALB/c mice. Points represent 
average values for the same mice presented in Figure 1. 
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by  21 days, when the  secondary s t imulus was adminis- 
tered, p r imary  circulat ing t i lers  (Figure 1, A) were wi th in  
about  1 log 2 l i te r  of the  p r imary  p la teau  value  noted for 
the  young  NZI3 mice. The  secondary hemagglu t in in  
response of these over t ly  a u t o i m m u n e  NZB mice was 
rapid (Figure 1), and the  peak  level  achieved was com- 
parable  to tha t  of the  young  NZB and B A L B / c  animals  
(Figure 2). At  this t ime, the  7 surviving old mice were all 
s trongly Coombs posi t ive  wi th  hematocr i t s  averaging 31% 
(range 17-37). 

Bachground hemagglutinin tilers. A n t i - S R B C  agglu- 
t inin t i ters  of sera f rom un immunized  35-day-old NZB 
and B A L B / c  mice and 12- to 14-month-old N Z B  mice are 
presented in the  Table.  Young  NZB mice failed to show 
the  presence of agglutinins at  serum di lut ions of 1:6, 
whereas half  of the  young  B A L B / c  sera manifes ted agglu- 
t inin ac t iv i ty  at  this dilution. Most of the  un immunized  
old NZB animals  tested showed SRBC ti ters  of less than  
1:6 a l though sera from 4/39 of these mice agglut ina ted  
SRBC at  di lut ions of 1:12 to 1:48. These differences 
observed in background responses did not  appear  to be 
related to the  differences in responses obta ined  following 
act ive  immuniza t ion .  

Discussion. Pr imary  hemagglu t in in  t i lers  of young  
adul t  NZB mice, assayed bo th  in the  presence and 
absence of 2-mercaptoethanol ,  were s ignif icantly higher  
than  those obta ined  wi th  the  sera of age- and sex-matched  
B A L B / c  mice. This f inding was consistent  wi th  previous ly  
observed differences in spleen an t ibody  p laque  format ion  
be tween the  2 mouse strains and tended  to suppor t  the  
concept  of an immunologic  hyperresponsiveness  of N Z B  
mice to this  antigenic s t imulus 2. Such differences in 
response diminished,  however,  following secondary and 
te r t i a ry  immuniza t ion ,  a possible consequence of similar  
capacit ies of these 2 mouse strains to respond to feed-back 
controls l imi t ing fur ther  an t ibody format ion  10. The  normal  
secondary hemagglu t in in  response of old N Z B  mice was 

SRBC agglutinin titers of sera from unimmunized NZB and BALB]c 
mice 

Group No. Of Titer 
mice 
tested < 1 : 6 1:6 1:12 1:24 1:48 

also in agreement  wi th  previous results obta ined by  use 
of the  JERNE plaque assay s and likewise indicated the  
possible presence of undiminished numbers  of m e m o r y  
cells. 

The  present  findings of delayed appearance of circu- 
la t ing agglutinins in old N Z B  mice after  p r imary  immu-  
nizat ion is analogous to earlier observa t ions  of depressed 
numbers  of p laque-forming cells 2. The reason for this 
delayed response has ye t  to be elucidated.  Carbon clear- 
ance ra te  studies n have  indicated increased reticulo- 
endothel ia l  sys tem (RES) a c t i v i t y  in these animals.  
However ,  a causal  relat ionship be tween  this increased 
R E S  ac t iv i ty  and i m m u n e  depression has no t  been 
established, though  defects in an t igen  processing m a y  
conceivably  be present  in these animals.  An a l te rna t ive  
explanat ion  for the  delayed humora l  response of old NZB 
mice following p r imary  immuniza t ion  migh t  be the  dimin-  
ished presence of ant igen-sensi t ive cells 2. I t  is known, for 
example,  t ha t  ant igenic informat ion  m a y  persist  for some 
t ime  following immuniza t ion  1~ Thus, as addi t ional  
ant igen-sensi t ive ceils became avai lable  these could be 
tr iggered to an t ibody  product ion  unt i l  normal  circulat ing 
t i lers  were reached. Impa i red  mitosis  of ini t ia l ly  s t imu-  
la ted progeni tor  ceils could also contr ibute  to delayed 
an t ibody  format ion.  Fu r the r  studies are required to 
clarify the  mechan ism of immunodepress ion  manifes t  in 
the over t ly  a u t o i m m u n e  animal  12. 

Zusammen/assung. ]Es wird gezeigt, dass der Gehal t  an 
Serumant ik6rpern  nach Immuni sa t ion  mi t  Schaferythro-  
zy ten  in jungen NZB-M~iusen im Vergleich zu BALB/c -  
S t / immen gr6sser ist. Diese Unterschiede  wurden  nach  
der zweiten und dr i t t en  Ant igenin jek t ion  geringer. Bet 
a l len  Coombs-posi t iven NZB-M~iusen wird eine Verz6ge- 
rung der Reak t ion  nach der ersten, jedoch eine normale  
IReaktionszeit nach der nun Iolgenden Inj ekt ion gefunden. 
Die Ergebnisse entsprechen den Resu l ta ten  mi t  JERNE'S 1 
Technik  bet Reakt ionsunte rsuchungen  ant ik6rperbi lden-  
der Zellen. 
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Young NZB 23 23 ~ 0 0 0 0 
Young BALB/e 52 26 26 0 0 0 
Old NZB 39 26 9 1 2 1 

Number of mouse sera showing designated tiler. 
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Fu rther  Ev idence  for  the  E x i s t e n c e  of a H y p o t h a l a m i c  Fol l ic le  S t i m u l a t i n g  H o r m o n e  S y n t h e s i z i n g  
Fac tor  

Previous reports  by CORBIN and STORY 1 and CORBIN 
and DANIELS 2 indicated that ,  in the  rat,  the  hypo tha l amus  
m a y  control  the  synthesis of p i tu i t a ry  follicle s t imula t ing  
hormone  (FSH), as well as its release. A single i.v. 
adminis t ra t ion  of s ta lk-median eminence (SME) ex t rac t  
caused deplet ion of p i tu i t a ry  F S H  2. A second injection,  
made  at  the t ime  of m a x i m u m  p i tu i t a ry  F S H  deplet ion 

(45 rain), induced the  resynthesis  of hypophysia l  F S H  at  
a ra te  faster  t han  tha t  which occurred af ter  a single 
inject ion of the  extract .  The  hypothesis  t h a t  a hypo-  
tha lamic  FSH-syn thes iz ing  factor  (FSH-SF)  exists has 
been tes ted in studies employing  male rats wi th  depressed 
stores of p i tu i t a ry  F S H  induced by lesions of the  median  
eminence (ME). 


