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Fig. 1. Electrophoresis of horse serum proteins on agar gel at pH 8.6 
before commencement of immunization (above) and after the very 

first dose of diphtheria toxoid (below). 

Fig. 2. Electrophoresis of horse serum lipoproteins on agar geI at 
pH 8.6 before commencement of immunization (above) and after the 

very first dose of diphtheria toxoid (below). 

l ipoprote in  is found to  be only  a t e m p o r a r y  change and  
the  c o m p o n e n t  d i sappeared  as the  h y p e r i m m u n i z a t i o n  
proceeded,  whereas  the  pre-e2-globulin, which  appeared  
soon af ter  the  first  dose, r emained  as a p e r m a n e n t  feature  
t h r o u g h o u t  the  hype r immuniza t ion .  

The significance of th is  pre-~2-globulin and i ts  funct ion,  
if any, is no t  known.  WAJC~ENBERG 6 found t h a t  the  sera 
of pa t i en t s  wi th  diffuse massive necrosis were charac-  
ter ized b y  the  appearance  of pre-e2-globulin. The ap- 
pearance  of pre-e2-globulin a f te r  poisoning wi th  carbon 
te t rachlor ide  in ra ts  has  been  repor ted  recent ly  7. Since 
carbon te t rachlor ide  is known to  damage  the  liver, the  
appearance  of pre-a2-globulin four  days  a f te r  the  ve ry  
first  dose of d iph the r ia  toxoid  is p robab ly  an indica t ion  
of d i s tu rbance  in the  liver func t ion  resul t ing in the  exces- 
sive synthes is  or secret ion of the  prote ins  of pre-e~- 
globulin mobil i ty .  

Zusammen/assung. Der Immuni s i e rungsvorgang  durch  
Diph ther ie -Toxoid  wird  beim Pferd  e lek t rophore t i sch  im 
Agar-gel verfolgt .  Das Auf t r e t en  eines Pr~t-e~-Streifens 
wurde  bald nach  der  ers ten Toxoidgabe  festgestel l t .  
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The Effect of Ptnealectomy and Thymectomy on 
the Immune Capacity of the Rat 

In earlier expe r imen t s  1 it was shown t h a t  m a s t  cell pro-  
duc t ion  by  the  l y m p h  nodes  was s t imula ted  by  pinealec- 
t o m y  and  cort isone t r e a t m e n t ;  P A S  posi t ive cells ap- 
peared  in the  spleen while mas t  cell p roduc t ion  in the  
t h y m u s  was  no t  al tered.  I t  was  assumed t h a t  t he  pineal  
b o d y  was responsible  for the  inh ib i t ion  of m a s t  cell pro-  
duc t ion  by  the  l y m p h  nodes,  and  tha t ,  af ter  p inea lec tomy,  
ac t iv i ty  would go on unhampered .  Since the  t h y m u s -  
l y m p h  node-spleen  sys t em seems to have  a decisive role 
in an t i body  p roduc t ion  S-e , in the  p resen t  expe r imen t s  
the  effect  of p inea lec tomy and  t h y m e c t o m y  on  the  anti-  
b o d y  p roduc t ion  was s tudied  in the  rat .  

E i g h t y  adul t  ra ts  of the  Wis t a r  s t ra in  were used in the  
exper iment .  P inea l ec tomy  was per formed wi thou t  damag-  
ing the  brain.  The t h y m u s  was ex t i rpa ted  in toto,  to-  
ge ther  wi th  its capsule. If b o t h  opera t ions  were per formed,  
p inea lec tomy followed the  t h y m e c t o m y  (Table). 63 

animals  survived the  in te rven t ion .  They  were immunized  
f irs t  wi th  150 �9 106 sheep red b lood ceils and  wi th  200 �9 106 
such cells as a secondary  st imulus.  For  the  hemagglu t ina -  
t ion test ,  blood was t aken  f rom the  tai l  vein. The animals  
were s tudied  in 2 groups,  one 30 days  and the  o ther  240 
days  af ter  the  operat ions .  

The Table shows the  n u mb er  of animals  and the  mean  
of t he  n u m b e r s  of t he  last  (critical) tubes  showing macro-  
scopical hemagg lu t ina t ion  (these n u m b e r s  are the  loga- 
r i t hms  to the  base 2 of the reciprocals  of the  respect ive  
last  dilutions).  The s t anda rd  dev ia t ion  var ied at  abou t  
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t h e  0.9 tube .  This  m e a n s  t h a t  in  t he  case of a compar i son  
be tween  7 tubes ,  a difference of a t  leas t  one t u b e  was 
s ign i f ican t  s ta t i s t ica l ly .  

Ana lys i s  of t h e  h e m a g g l u t i n a t i o n  measu red  in t he  
cr i t ical  tubes  was pe r fo rmed  b y  2-way ana lyses  of 
var iance .  E v a l u a t i o n  was done  b y  analys is  of va r i ance  
of such  effects of t h y m e c t o m y  or  p i n e a l e c t o m y  wh ich  
showed a un i fo rm  t e n d e n c y  a m o n g  t he  4 groups  as a 
whole.  I f  no such  t e n d e n c y  was found,  those  pa i r s  of 
t r e a t m e n t  which  could be expec ted  to yield s ign i f ican t  
differences  were e x a m i n e d  b y  S t u d e n t ' s  t- test .  I n  t he  
case of a p r i m a r y  a n t i b o d y  response,  a 2-way analys is  of 
va r i ance  was car r ied  ou t  of the  effect  of p i n e a l e c t o m y  and  
of t he  t i m e  e lapsed un t i l  t h e  f i rs t  i m m u n i z a t i o n .  

Results. E a r l y  effects  : P i n e a l e c t o m y  induced  s ign i f ican t  
decrease  in the  ' p r i m a r y  response.  T h y m e c t o m y  also re- 
duced  t h e  response  as c o m p a r e d  to the  control .  T h y m e c -  
t o m y  followed b y  p i n e a l e c t o m y  evoked  no  s ign i f ican t  
change  as c o m p a r e d  to  t he  effect  of p i n e a l e c t o m y  itself. 
I n  the  s econda ry  response  a t  the  f i rs t  measur ing ,  t he  
double  ope ra t ion  yie lded a s ign i f ican t ly  h igher  level  t h a n  
a n y  of t he  ope ra t ions  done separa te ly .  T h y m e c t o m y  b y  
i tself  s igni f icant ly  r educed  the  response,  whi le  the  d imin -  
i sh ing effect  of p i n e a l e c t o m y  was no t  s ign i f ican t  s t a t i s t i -  
cally. A t  the  second m e a s u r i n g  of the  s econda ry  response,  
the  increas ing effect  of p i n e a l e c t o m y  was s ignif icant ,  
while  t h y m e c t o m y  seemed to be ineffect ive.  

La t e  effects:  T h y m e c t o m y  resu l ted  in a s ign i f ican t  
increase,  while  p i n e a l e c t o m y  s ign i f i can t ly  reduced  t he  
response.  P i n e a l e c t o m y  in t h y m e c t o m i z e d  an ima l s  in-  
duced a smal ler  ye t  s ign i f ican t  decrease. Consequent ly ,  
t he  increas ing effect  of t h y m e c t o m y  was i n h i b i t e d  b y  
p inea lec tomy,  a l t h o u g h  the  increase  was s ign i f ican t  as 
c o m p a r e d  to the  effect  of p i n e a l e c t o m y  alone. At  the  f i rs t  
measu r ing  of the  secondary  response,  the  c o m b i n e d  
ope ra t ion  caused a s ign i f ican t  b u t  smal ler  increase  t h a n  
a n y  of t he  ope ra t ions  done separa te ly .  At  t he  second 
m e a s u r i n g  of t he  seconda ry  response,  p i n e a l e c t o m y  
caused  s ign i f i can t ly  h igher  va lues  t h a n  the  o the r  opera -  
t ions ;  all these  were comple te ly  p r e v e n t e d  b y  t h y m e c -  
tomy.  

As to  the  re la t ions  be tween  t he  two m a i n  groups,  t he  
effect of p i n e a l e e t o m y  in the  ear ly  and  la te  groups  seemed 
to be ident ical ,  t h u s  i t  was no t  t i m e - d e p e n d e n t .  The  effect  
of t h y m e c t o m y  was a s ign i f ican t  decrease  in the  ea r ly  
g roup  a n d  a s ign i f i can t  increase  in the  la te  one. The  effect  
of p i n e a l e c t o m y  was no t  inf luenced  b y  t h y m e c t o m y  in 
the  ear ly  group,  whi le  i t  caused  a s igni f icant ly  inc reas ing  
t e n d e n c y  in the  la te  group.  

At  t he  f i rs t  m e a s u r i n g  of the  seconda ry  response,  the  
opera t ions  b y  themse lves ,  or t h e i r  com b i na t i on ,  caused  a 
smal le r  difference as c o m p a r e d  to t he  con t ro l  in  t he  
ear ly  group t h a n  i t  d id  in  the  la te  one. The  effects of the  
single opera t ions ,  as well  as t he  a n t a g o n i s m  in the  case of 
t he i r  comb ina t i on ,  wh ich  was s ta t i s t i ca l ly  s igni f icant  ac- 
cord ing  to  a 4-sample  t- test ,  showed  d i f fe ren t  d i rec t ions  
in  the  ea r ly  and  t he  la te  group.  A t  the  second m e a s u r i n g  
of the  secondary  response,  the  va lues  were m u c h  more  
ba l anced  bu t ,  u n d e r  the  effect  of p inea lec tomy,  a signifi-  
c a n t  increase  could be  obse rved  in the  la te  group.  I n  t he  
ear ly  group,  t he  same  ope ra t i on  caused  a n  increase  a t  t he  
b o u n d a r y  of s igni f icance  only. I n  the  case of doub le  
opera t ion ,  th i s  increase  was u n c h a n g e d  in t he  ear ly  group,  
while  i t  fell to  t he  con t ro l  level  in  the  la te  one. 

Conclusions. (1) P i n e a l e c t o m y  exer t s  a n  inf luence  on  
a n t i b o d y  p r o d u c t i o n  in two phases .  I t  d imin i shes  t he  
p r i m a r y  response  ea r ly  a n d  la te  a f t e r  the  opera t ion ,  a n d  
i t  increases  the  seconda ry  response.  This  effect  t akes  long 
to a p p e a r  b u t  i t  is i n t ense  a n d  durable .  (2) T h y m e c t o m y  
i n h i b i t e d  a n t i b o d y  p r o d u c t i o n  on ly  for a shor t  t ime.  The  

la te  effe "t consis ted  in  a h i g h l y  s ign i f ican t  increase  of 
a n t i b o d y  p roduc t ion .  (3) The  p inea l  g land  and  t he  t h y m u s  
m u t u a l l y  inf luence  each  o t h e r  conce rn ing  the i r  effect  on  
a n t i b o d y  p roduc t ion .  (4) T ime  is a v e r y  i m p o r t a n t  fac to r  
in  t he  effects of t h y m e c t o m y  a n d / o r  p inea lec tomy.  (5) Fo r  
t he  increas ing  effect  of p i n e a l e c t o m y  on  t he  s econda ry  
response,  the  presence  of t he  t h y m u s  is necessary.  

Numbers of determinations (n) and average critical tubes (~-) 

Primary Seeon- Secon- 
dary 1 dary 2 

Early effect s 

Control n 8 8 8 
5.8 4.6 3.5 

Thymectomy n 8 9 10 
4.0 3.4 3.8 

Pinealectomy n 8 5 6 
3.4 3.8 4.5 

Pinealeetomy- n 8 7 6 
thymectomy ~ 3.6 5.0 4.5 

Late effect b 

Control n 4 5 5 
x 5.5 3.2 3.8 

Thymectomy n 10 9 9 
x 8.1 7.6 3.4 

Pinealcctomy n 7 7 7 
3.1 7.1 8.0 

Pinealeetomy- n 7 7 6 
thymectomy x 4.4 5.1 3.8 

Thymectomy 95 days and pinealectomy 30 days before the first 
immunization, b Thymectonly 285 days and pinealectmny 245 days 
before the first iinmunization. Primary: response one week after the 
first immunization. Secondary 1 : response one week after the second 
and three weeks after the first immunization. Secondary 2 : response 
two weeks after the second inmmnization. 

Zusammenfassung. Kurze  Zei t  n a c h  E x s t i r p a t i o n  des 
Corpus p ineale  wi rd  eine abgeschw~ichte prim~ire, l~ingere 
Zei t  d a n a c h  eine verst~irkte sekund~ire I m m u n r e a k t i o n  
festgestel l t .  Nach  T h y m e c t o m i e  k o m m t  es zuers t  zu e iner  
H e m m u n g ,  sp~ter  zu einer  F 6 r d e r u n g  der  I m m u n r e a k t i o n .  
Corpus pineale  u n d  T h y m u s  bee inf lussen  sich gegen- 
seit ig immunolog i sch .  
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