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INTRODUCTION 

The pioneer study by Benjamin and S l u k a ' i n  1908 on i n h i b i t i o n  of 

antibody format ion by X-rays revealed the' importance of t h e  temporal 

'1) r e l a t i o n s h i p  .between exposure t o  r a d i a t i o n  and i n j e c t i o n  of ant igen . 
Xzradiation del ivered t h r e e  days before  i n j e c t i o n  of beef serum i n h i b i t e d  

p r e c i p i t i n  formation i n  rabb i t s ,  A s imi la r  exposure t o  L r a y s  del ivered 

t h r e e  days a f t e r  i n j e c t i o n  of t h e  ant igen ?a i l ed  t o  repress  production of 

s p e c i f i c  antibody. These observations w e r e  p a r t i a l l y  confirmed i n  1915 when 
..., 

~ e k t o e n ' ~ )  reported i n h i b i t i o n  of heiuolysin production i n  t h e  r a t  when Xrad-  

i a t i o n  was del ivered e i t h e r  before o r  a f t e r  i n j e c t i o n  of sheep red ce l l s ;  

Although an absolute  d i f fe rence  i n  r a d i o s e n s i t i v i t y  was not evident, t h e  

depressant  e f f e c t  of r a d i a t i o n  on antibody production appeared t o  be less 

e f f e c t i v e  when r a d i a t i o n  was g i v e n . a f t e r  i n j e c t i o n  of t h e  antigen, 

Craddock and ~ a w r e n c e ' ~ )  observed t h a t  antibody formation was not 

reduced i n  r a b b i t s  when a r a d i a t i o n  dose of 250 r was given four  days a f t e r  

i n j e c t i o n  of typhoid vaccine and sheep red  ce l l s .  They t h e  su rv iva l  : =. 
) 

, " .  of reserve  t i s s u e s  a f t e r  exposure t o  r a d i a t i o n  with t h e  capacity f o r  antibody ,,. .,,. 

production. ~ o h n ' ~ )  r epor ted  t h a t  an %ray dose df 175 r del ivered t h r e e  days. . ::. 

before i n j e c t i o n  of sheep red  c e l l s  e f f e c t e d , a  g r e a t e r  depression of t h e  

hemolysin response i n  r a t s  than 600 r del ivered 2 days a f t e r  t h e  an t igen ic  

' stimulus, I n  s t u d i e s  concerning t h e  temporal r e l a t i o n s h i p  of an t igen ic  

stimulus, and exposure t o  rad ia t ion ,  Dixon et a l ,  '5) used =I3'-labeled 

bovine gamma globul in  and T a l i a f e r r o  e t  a ~ . ' ~ )  used sheep red c e l l s  t o  e l i c i t  

primary and secondary antibody responses i n  rabb i t s ,  Both these  groups reported 
1 

an ea r ly  rad iosens i t ive  phase -of t h e  antibody response, when ant igen was 

in jec ted  during t h e  f i r s t  12 hours a f t e r  i r r a d i a t i o n ,  and a r e l a t i v e l y  radio- 

r e s i s t a n t  phase, when antigen.was given severa l  days before i r r a d i a t i o n ,  



Previous s t u d i e s  from t h i s  labora tory  (7-8) have demonstrated complete 

suppression of primary t e t anus  a n t i t o x i n  responses i n  mice when. f lu id  toxoid. 

was i n j e c t e d  s i x  hours t o  21 days a f t e r  exposure t o  650 r e p  of gamma rad ia t ion ,  ' 

A corresponding repress ion  of secondary a n t i t o x i n  responses was obtained when 

t h e  second i n j e c t i o n  of toxoid was given 30 minutes, 3 and 6 hours a f t e r  

, exposure t o  650 rep, The same r a d i a t i o n  dose had l i t t l e  e f f e c t  on a n t i t o x i n  

t i t e r  when r a d i a t i o n  was del ivered  10 days. a f t e r  a second s t imula t ion  (near  

t h e  peak of t h e  secondary response) and serum was obtained 10 days a f t e r  

r a d i a t i o n  (20 days a f t e r  an t igen ic  'stimulus),  whereas, a n t i t o x i n  formation 

was repressed when r a d i a t i o n  was del ivered  21 days a f t e r  exposure t o  r a d i a t i o n  

(42 days a f t e r  t h e  an t igen ic  stimulus),, The present  study i s  concerned with 

secondary t e t anus  a n t i t o ~ i n ' r e s ~ o n s e s  e l i c i t e d  i n  mice p r i o r  t o  short-term 

exposures of Y-radia t ion ,  Corresponding t i t e r s  of a n t i t o x i n  were obtained 

i n  i r r a d i a t e d  and non-irradiated mice when rad ia t ion 'was  del ivered  4 days 

a f t e r  t h e  second i n j e c t i o n  of ant igen,  The incorpora t ion  of tritium a c t i v i t y  

i n t o  t e t anus  a n t i t o x i n  when t r i t i a t e d  -L-hist idine was i n j e c t e d  a t  va r ious  , . $ .  

t imes before  and a f t e r  exposure t o  r a d i a t i o n  provides d i r e c t  ev idence ' fo r  a c t i v e  . :! 

antibody syn thes i s  by surviving lymphoid' t i s s u e s  i n  i r r a d i a t e d  animals when 

secondary a n t i t o x i n  responses were e l i c i t . e d  p r i o r  t o  i r r a d i a t i o n  w i t h . f l u i d  

t e t anus  toxoid, 

MATERIALS AND METHODS 

Animals and immunization procedure 

Female Swiss a l b i n o  mice were used i n  these  experiments, These animals 

a r e  s p e c i f i c  pathogen-free and have been r a i s e d  i n  our colonies  a s  a pure 

s t r a i n  s i n c e  1938, Excellent  antibody responses have been e l i c i t e d  from these  

animals t o  t h e  following p a r t i c u l a t e  and soluble  antigens:  Salmonella typhosa, 
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Pseudomonas'aeruginosa, type 111 pneumococcus, Trichinella antigen, influenza 

qirus-type A and B, bwine serum albumin, huinan serum, chicken serum, ricin; 

bptolinus '..toxoid',:. type A and B, and tetanus t oxoid, 

All mice were given a primary immunization when four weeks of age, con- 

sisting of a subcutaneous injection of 0.05 ml of aluminum phosphate-adsorbed 

purogenated tetanus t oxoid (APTT) , (Lederle) , Secondary ant it oxin responses 
were elicited with an intra-abdominal injection of 0.05 ml fluid tetanus tbxoid 

(FTT) (Lederle), The intra-abdominal route of injection is superior in eliciting 

secondary antibody responses to either the subcutaneous or intravenous route 

of injection of the same antigen, The time of second antigenic stimulat.ion in 

relation to time of exposure to gamma radiation is described for each experiment, 

Serolonv and tetanus antitoxin titrations 

:All animals were sacrificed under ether anesthesia, The time of sacrifice 

is described with respective experiments, Heart blood was pooled from each 

group. of animals and the serum titrated as a single specimen, The Ehrlich 

method of titration of antitoxin was used in these experiments. The tetanus 

6 
. toxin for titration of antitoxin contained 10 mouse M,L,D, per ml, The anti- 

genic combining capacity of the toxitifor.:tetanus antitoxin was compared to a 

standard obtained from the National Institutes of-:Health, One thousand M,L,D, 

were neutralized by 0.025 international units of tetanus antitoxin, A more . % 

detailed description of toxin-antitoxin titration procedures may be found in 

(7) a previous report , 

Cobalt-60- -radiation, calibration and dosimetry, 

The radiation facility consisted of 40 slugs of cobalt-60 arranged to 

obtain a uniform field of exposure 16 inches below the source, The gamma- 

radiation dose of.the circular (12.5 inch diameter) radiation area was 

measured with a Victoreen condenser Rmeter and a Cobalt-60 type ionization 

chamber, 250 r full-scale deflection, The average dose rate based on a 
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s e r i e s  of 17 measurements i n  d i f f e r e n t  quadrants was 13,9 r per minute, 

with a range i n  values from 12.5 t o  15,0, The standard devia t ion from t h e  .. 

mean was 1.05 re Thi r ty  t o  f o r t y  mice were i r r a d i a t e d  a t  one time ' in a 

l u c i t e  box which was r o t a t e d  a t  2 rprn t o  provide uniform exposure t o  rad ia t ion ,  

The mice were' confined i n  the .ho lder  t o  a depth of 1 inch and constant  a e r a t i o n  

was del ivered during t h e  period of exposure. The exposure dose r a t e  i n  r 

.. (9) was converted t o  rad  i n  t i s s u e  by t h e  f a c t o r  0.96 . 
EXPERIMENTAL AND RESULTS 

Ef fec t  of sub le tha l  and supra le thal  r a d i a t i o n  on a n t i t o x i n  formation when 

r a d i a t i o n  was del ivered e i t h e r  before o r  a f t e r  t h e  second an t igen ic  stimulus. 

The experiment summarized i n  Table I was designed t o  'compare t h e  repress ive  

e f f e c t  of sub le tha l  and s u p r a l e t h a l ' r a d i a t i o n  doses of 650 and 900 rads  on 

secondary antibody responses when radi 'at ion was del ivered e i t h e r  t h r e e  hours 

before o r ' f o u r  days a f t e r  a second intra-abdominal i n j e c t i o n  of f l u i d  toxoid, 

 he non-irradiated animals i n  groups 1 and 2 served a s  con t ro l s  of t h e  amount 

of a n t i t o x i n  produced during primary and secondary a n t i t o x i n  responses, The 

. second i n j e c t i o n , o f  toxoid was given 30 days a f t e r  primary immuni,zation. A l l  

animils were s a c r i f i c e d  f o r  serum 10 days l a t e r ,  . A  r a d i a t i o n  dose of 650 rads  

del ivered t h r e e  hours before t h e  second qtimulus (group 3) v i r t u a l l y  abolished 

t h e  secondary antibody response i n  these  animals, The same dose of r a d i a t i o n  

d id  not r epress  antibody formation when i t  was del ivered four days a f t e r  t h e  

second stimulus (group 4 ) ,  These animals produced more a n t i t o x i n  per m l  of 

serum than t h e  non-irradiated con t ro l  animals i n  group 2, A supra le tha l  dose 

of 900 rads  del ivered t h r e e  hours before t h e  second ant igenic  stimulus t o  

t h e  animals i n  group 5 abolished t h e  secondary antibody response and depressed 

t h e  a n t i t o x i n  t i t e r  t o  l e s s  than t h e  t i te r  obtained from primary immunization 

i n  non-irradiated animals (group 1). When a dose of 900 rads  was del ivered 



four  days a f t e r  t h e  second stimulus, t h e  animals i n  group 6 produced 68% 

less a n t i t o x i n  than corresponding non-irradiated con t ro l  animals i n  group 2, 

Although supra le tha l  r a d i a t i o n  g r e a t l y  repressed antibody formation, i t  

i s  evident  t h a t  these  animals r e ta ined  a l imi ted  capaci ty  f o r  syn thes i s  o f .  

a n t i t o x i n  when r a d i a t i o n  was del ivered four days a f t e r  t h e  second an t igen ic  

stimulus, I f  it i s  assumed t h a t  t h e  a n t i t o x i n  i s  synthesized only during t h e  

four-day period p r io r  t o  t h e  time of i r r a d i a t i o n  and re leased a s  c i r c u l a t i n g  

antibody, then one would not  expect supra le tha l  r a d i a t i o n  t o  repress  t h e  t i te r  

of a n t i t o x i n  t o  t h e  r e l a t i v e l y  low va lue  observed f o r  group 6, 

Ef fec t  of h n a d i a t i o n  given a t  var ious  times a f t e r  t h e  second an t igen ic  stimulus, 

The experiment shown i n  Table I1 was des igned . to  test t h e  repress ive  

e f f e c t  of r a d i a t i o n  doses of 750 rads  on t h e  secondary antibody response when 

r a d i a t i o n  was del ivered s i x  hours before and from one t o  seven days a f t e r  t h e  

second i n j e c t i o n  of te tanus  toxoid, A l l  animals w e r e  given a primary stimulus 

of APTT 3 weeks .pr ior  t o  t h e  time of t h e  second stimulus, A l l  animals were 

s a c r i f i c e d  and pooled se ra  obtained.from each group t e n  days a f t e r . t h e  second 

stimulus of antigen, I t -should  be no ted i tha t  each group of mice had a d i f f e r e n t  

per&od of t i m e  f o r  antibody formation i n  r e l a t i o n  t o  t h e  t i m e  of i r r a d i a t i o n ,  

The data  show marked repress ion of secondary responses a s  compared t o  secondary 

responses obtained i n  non-irradiated mice (group 2) when r a d i a t i o n  was del ivered 

s i x  hours before and 1, 2, and 3 days a f t e r  t h e  second stimulus, S ign i f i can t  

t i t e r s  of a n t i t o x i n  were obtained i n  animals given 750 rads  on day 4 t o  day 7 

of t h e  secondary response when.serum was obtained from 6 t o  3 days a f t e r  

radia t ion,  Cavual inspect ion of these  da ta  may tempt one t o  conclude t h a t  

antibody formation i s  v i r t u a l l y  completed by day 4 of t h e  induction period . . 

and t h a t  a n t i b o d y - i s  merely re leased during the  next few days of t h e  secondary 

response, 
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Secondary antibody responses i n  i r r a d i a t e d  and non-irradiated mice, 

I n  t h e  previous experiment, each group of animals had a d i f f e r e n t .  period 

of t i m e  f o r  antibody formation i n  r e l a t i o n  t o  t h e  t i m e  of i r r a d i a t i o n ,  The 

following experiment was c a r r i e d  out t o  compare t h e  amount of antibody present 

each day i n  normal and i r r a d i a t e d  mice when a dose of 800 rads  was del ivered 

' four days a f t e r  t h e  second. stimulus, The r e s u l t s  a r e  p lo t t ed  i n  Figure 1 and. 

each point  on t h e  curves represents  a group composed o f . 3 0  mice, A l l  animals 

received a second i n j e c t i o n  of f l u i d  toxoid on day zero  t o  e l i c i t  secondary 

responses,- A r a d i a t i o n  dose of 800 rads 'was del ivered four days l a t e r ,  Groups 

of con t ro l  and i r r a d i a t e d  mice were s a c r i f i c e d  f o r  s e r u m  four  hours a f t e r  

r a d i a t i o n  and d a i l y  through t h e  following f i v e  days, The t i ters  of a n t i t o x i n  

obtained' i n  i r r a d i a t e d  animals were.only s l i g h t l y  less than t h e  t i ters  obtained 

i n  normal animals throughout t h e  five-day post-radiat ion period, One may be 

tempted t o  conclude from these  data  t h a t  antibody synthes is  was v i r t u a l l y  

completed by day 4 of t h e  induction period and t h a t  antibody was merely re leased 

during t h e  next few days, However, i t  should not be assumed t h a t  a dose of 

800 rads  completely s tops  antibody formation when t h e  secondary response was 

e l i c i t e d  severa l  days before i r r a d i a t i o n ,  I f  t h e  antibody i s  formed during 

t h e  four-day period p r io r  t o  i r r a d i a t i o n  -and re leased a s  c i r c u l a t i n g  antibody 

during t h e  post-radiat ion period, one would expect i rradiated: .  and non-irradiated 

animals t o  have s imi la r  t i ters of a n t i t o x i n  when serum i s  obtained a t  a t i m e  

remote from t h e  second i n j e c t i o n  of antigen, 

The experiment i l l u s t r a t e d  i n  Table 111 was c a r r i e d  out t o  measure a n t i -  

body t i ters  i n  i r r ad ia ted 'mice  a t  an extended period of t i m e ,  A l l  animals 

received a primary immunization of APTT 39 days p r i o r  t o  t h e  second ant igenic  

st imulus,  The t i t e r s  obtained from animals i n  groups 1 and 2 served a s  con t ro l s  

of t h e  amounts of a n t i t o x i n  produced by non-irradiated animals during primary 

and secondary responses, Serum samples were obtained from each group of animals 



9 days and 32 days a f t e r  t h e  second stimulus, As i n  previous experiments, 

t h e  secondary response was severe ly  repressed when t h e  animals (group 3) 

were i r r a d i a t e d  3 h,ours before  t h e  second st imulus and serum obtained 9 days 

l a t e r ,  A s l i g h t  inc rease  i n  t i t e r  was .observed when serum was obtained from 

t h e s e  animals 32 days a f t e r  t h e  second stimulus, The animals i n  group 4 ,  

i r r a d i a t e d  4 days a f t e r  t h e  second stimulus, produced more a n t i t o x i n  than 

corresponding non-irradiated con t ro l  a n i u l s  i n  group.2  when serum was obtained 

9 days a f t e r  t h e  second stimulus, Even though t h e  a n t i t o x i n  t i t e r  was high 

9 days a f t e r  t h e  second stimulus, i t  i s  evident  t h a t  r a d i a t i o n  del ivered  4  days 

a f t e r  t h e  second stimulus repressed a n t i t o x i n  formation i n  t h e s e  animals during 

t h e  following t h r e e  weeks. I f  t h e  r a d i a t i o n  dose of 650 rads  had completely 

stopped antibody formation i n  t h e  an imals  of group 4, t h e  t i t e r  of antibody 

32 'days  a f t e r  t h e  second stimulus would be comparable t o  t h e  t i t e r s  observed i .. 

i n  group 3 when s e r a  were obtained a t  t h e  same t i m e ,  I f  t h e  r a d i a t i o n  dose . . 

. . 

del ivered  4 days a f t e r  t h e  second s t imulus  was a s  e f f e c t i v e  i n  depressing 

antibody formation a s  t h e  same dose given t h r e e  hours before t h e  second st imulus - i;. 

(group 3) t h e ' t i t e r  observed i n  group 4  would be of t h e  order  of 4  u n i t s  of \ .  . 

ant i toxin ,  This  assumption i s  based on a previous determination 'of a ha l f -  , .  . 

l i f e  of 4  days f o r  isologous (same s t r a i n )  a n t i t o x i n  i n  our mice, 

I t . w a s  c l e a r l y  evident  i n  t h e  preceding experiment t h a t  antibody continued 

t o  be re leased i n t o  t h e  c i r c u l a t i o n  9 t o  32 days a f t e r  t h e  second st imulus of 

antigen, Since antibody synthes is  occurred when a dose of 600 rads  was given 

4 days a f t e r  t h e  second stimulus, an experiment was designed t o  determine i f  

t h e  antibody-forming mechanism i n i r r a d i a t e d  animals would respond t o  a t h i r d  

an t igen ic  s t imulus given s h o r t l y  a f t e r  exposure t o  r ad ia t ion ,  The i d e n t i t y  

of t h e  experimental groups and r e s u l t s  obtained a r e  summarized i n  Table IV,  

The non-irradiated animals i n  groups 1 and 2 served a s  con t ro l s  of antibody 



responses e l i c i t . e d  by a second and t h i r d  st imulus of ant igen,  Pooled serum 

samples were obtained from t h e  animals i n  group 1 t e n  days a f t e r  the  second 
. , 

st imulus and from t h e  mice i n  group 2 s i x  days a f t e r  t h e  t h i r d  stimulus, 

The da ta  i n  Table I V  ind ica te ,  a s  i n  previous experiinents, t h a t  a dose of , 

r a d i a t i o n  del ivered  30 minutes before t h e  second st imulus e f f e c t i v e l y  depressed 

t h e  secondary antibody response (group 3). Comparable antibody responses were 

obtained i n  animals exposed t o  a dose of 600 rads  four days a f t e r  t h e  second 

st imu1.u~ (group 4) and i n  non-irradiated animals i n  group 1; The animals i n  

group 5 were i r r a d i a t e d  4 days a f t e r  t h e  second stimulus, o r  30 minutes before 

t h e  t h i r d  an t igen ic  stimulus, These animals produced. 6-5 u n i t s  of t e t anus  

a n t i t o x i n  a s  compared t o  26.5 u n i t s  of a n t i t o x i n  produced by t h e  non-irradiated 

con t ro l s  (group 2)- It i s  evident  t h a t  a r a d i a t i o n  dose of 600 rads  de l ivered  

4 days a f t e r  t h e  second stimulus. f a i l e d  t o  r ep ress  t h e  secondary response 

(group 4), whereas t h e  a b i l i t y  t o  respond t o  a t h i r d  an t igen ic  s t imulus was 

severely repressed, when ant igen was given 30 minutes a f t e r  i r r a d i a t i o n  (group 5). 

These data  c l e a r l y  d i f f e r e n t i a t e  between t h e  capaci ty  of i r r a d i a t e d  animals t o  

g ive  near ly  n o r k l  secondary a n t i t o x i n  responses and f a i l u r e  i n  t h e i r  a b i l i t y  t o  

respond t o  a t h i r d  i n j e c t i o n  of t e t anus  toxoid, 

Incorporat ion of t r i t i u m  a c t i v i t y  i n t o  antibody when r a d i a t i o n  was de l ive red  

four days a f t e r  axl t igei~ic s t imulat ion,  

The experiment diagrammed i n  Figure 2 and summarized i n  Table V was designed 

t o  determine i f  t h e  antibody produced during t h e  secondary response was syn- 

thes ized  during t h e  four day period between t h e  time of t h e  second an t igen ic  

s t imulus and t h e  t i m e  of i r r a d i a t i o n ,  o r  i f  antibody was a c t u a l l y  produced and 

re leased  a s  c i r c u l a t i n g  antibody a f t e r  exposure t o  600 rads, A l l  animals were 

given a primary an t igen ic  s t imulus of APTT rwo months p r io r  t o  the  time they were 

used i n  t h e  experiment, The i d e n t i t y  of t h e  experimental groups composed of 

ten  animals per group i s  shown i n  Table V, Each group of animals was given a 
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3 
s e r i e s  of 4 i n j e c t i o n s  of t r i t i a t ed-L-h i s t id ine  (H -H) e i t h e r  before or  

3 
a f t e r  t h e  second i n j e c t i o n  of toxoid, The s p e c i f i c  a c t i v i t y  of t h e  H -H 

3 
was 1,7 C/mM, The H -H was d i l u t e d  t o  50jRclml and 5,4c per 0.1 m l  was 

3 
i n j e c t e d  by intra-abdominal route, Each animal received 4 i n j e c t i o n s  of H .-H 

3 
over a period of 2 days i n  a t o t a l  dose 'of 2 0 u c  of H -He The second i n j e c t i o n  

/ 

of 0.05 m l  FTT was given .by intra-abdominal r o u t e  on day zero, A dose of 

600 rads  was del ivered t o  t h e  animals i n  groups 1 through 5, four days a f t e r  . .. 

ant igenic  st imulat ion,  The animals i n  groups 6 through 10 served a s  .non- 

i r r a d i a t e d  controls ,  A l l  groups of 'animals  were s a c r i f i c e d  and pooled s e r a  

obtained 10 days a f t e r  ant igenic  st imulat ion,  The data  shown i n  Table V ,  

c l e a r l y  i n d i c a t e  t h a t  t h e  animals i n  groups 1 through 5, i r r a d i a t e d  :4.,diy.s-: 

a f t e r  t h e  second an t igen ic  stimulus, '  produced antibody t i te rs  comparable 

t o  t h e  t i t e r s  obse&d i n  non-irradia t e d  mice i n  groups 6 through 10. The 

animals i n  group 11 were.not  s t imulated with antigen, P r e c i p i t i n  curves 
. . 

were determined f o r  t h e  var ious  se ra  with 15 x concentrated f l u i d  t e t anus  

toxoid, The antibody i n  0.4 m l  samples of t h e  s e r a  was p rec ip i t a ted  i n  t h e  

region of s l i g h t  ant igen excess with 0.25 m l  of t h e  concentrated toxoid, 

Subsequent t e s t s  of t h e  supernatant  f l u i d  above t h e  antigen-antibody p r e c i p i t a t e  

indica ted  t h e  presence of small amounts of t e t anus  toxoid and t h e  absence of 

antibody. The antigen-antibody p r e c i p i t a t e s  were washed f i v e  t i m e s  i n  cold 0.85 

,pe rcen t  sa l ine ,  t r ans fe r red  t o  z inc  planchets  and d r ied  f o r  t o t a l  tritium 

(10) ana lys i s  with t h e  gas counting procedures of Christman , 

The a c t i v i t y  of t r i t i u m  incorporated i n t o  antibody which was p rec ip i t a ted  

with s p e c i f i c  ant igen i s  shown i n  Table V, The values  a r e  given i n  d i s in te -  

g ra t ions  per minute (dpm) per m l  of serum, The l a s t  column i n  Table V summarizes 

t h e  a c t i v i t y  of t r i t i u m  present i n  t h e  f l u i d  a b w e  t h e  antigen-antibody precipi-  

t a t e ;  presumably t h e  tritium a c t i v i t y  may be present e i t h e r  a s  f r e e  amino acid,  

o r  a s  metabolic products of t h e  tr i t ium-labeled h i s t i d i n e ,  or  a s  non-antibody 



serum proteins,  The animals i n  group 11 were 'not  given primary and secondary 

an t igen ic  s t imulat ions,  These animals served a s  c o n t r o l s  of t h e  amount of 

t r i t i u m  a c t i v i t y  present  i n  30-1 serum when serum was obtained 9 days a f t e r  

3 t h e  l a s t  i n j e c t i o n  of H OH, The observed va lue  of 3,890 dpm per m l  of serum . . 
' 

(group 11) was 42 and 30 percent less than t h e  t o t a l  va lues  observed f o r  

p r e c i p i t a t e d  antibody and non-precipi tated f l u i d  i n  groups 2 and 7 r e spec t ive ly ,  

The a c t i v i t y  counted i n  t h e  antigen-antibody p r e c i p i t a t e s  a r e  a l s o  p l o t t e d  i n  

Figure 2, These da ta  c l e a r l y  demonstrate t h a t  minimal amounts of t r i t i u m  a c t i v i t y  

were incorporated i n t o  antibody when H ~ - H  was i n j e c t e d  on day 2 and day 1 before  

i n j e c t i o n  of t h e  ant igen and on days 1, 2, and 3 a f t e r  t h e  second i n j e c t i o n  of 

antigen, However, a marked increase  i n  incorpora t ion  of tritium a c t i v i t y  

occurred when.the l abe led-adno  a c i d  was i n j e c t e d . o n  days 4 and 5 and on days 

6 and 7 a f t e r  t h e  second an t igen ic  stimulus. Morewer, when t h e  f i r s t  i n j e c t i o n  

3 
of H -H was given one hour a f t e r  exposure t o  600 rads  on day 4 and on day 5, 

tritium a c t i v i t y  was incorporated i n t o  antibody t o  levels a s  high a s  was observed 

i n  non-irradiated animals, A corresponding incorpora t ion  of t r i t i u m  a c t i v i t y  

i n t o  antibody was found f o r  i r r a d i e t e d  animals when AH was i n j e c t e d  on days 

6 and 7 a f t e r  an t igen ic  s t imula t ion  (days 2 and 3 a f t e r  exposure t o  600 rads) ,  

It i s  evident  from t h e s e  data  t h a t  t h e  a n t i t o x i n  produced during t h e  secondary 

antibody response was not  during t h e  induction phase of t h e  response 

and merely r e l eased  on day 4 following t h e  second an t igen ic  stimulus, It 

appears that t h e r e  a r e  c e l l s  capable of synthesizing antibody i n  t h e  i r r a d i a t e d :  

animals s ince  t h e  antibody produced. by these  animals contained s i g n i f i c a n t  

amounts of t r i t i u m  a c t i v i t y ,  It should be emphasized t h a t  t h e  animals i n  

groups 1 through 5 produced antibody t i ters  comparable t o  t h e  t i t e r s  observed i n  

non-irradiated mice, I f  t h e  antibody e l i c i t e d  by t h e  second an t igen ic  stimu'lus 

were synthesized only during t h e  induct ion  phase, we might expect a marked 

incorpora t ion  of t r i t i u m  a c t i v i t y  i n t o  antibody when t h e  labeled amino ac id  was 



i n j e c t e d  during t h e  f i r s t  3 days a f t e r  t h e  second stimulus of ant igen i n  

groups 2 and 3 and 7 and 8, The observed incorporat ion of t r i t i u m  a c t i v i t y  

i n t o  antibody when t h e  i n i t i a l  i n j e c t i o n  of H3-H was given 4 t o  6 days a f t e r  

t h e  second stimulus (one.hour t o  2 d a y s ' a f t e r  i r r a d i a t i o n )  c l e a r l y  demonstrated 

synthes is  of antibody a f t e r  exposure t o  600 rads. It i s  obvious t h a t  antibody- 

forming c e l l s  a r e  capable of producing s p e c i f i c  a n t i t o x i n  a f t e r  exposure t o  

r a d i a t i o n  when an t igen ica l ly  s t imula ted .4  days p r i o r  t o  radia t ion.  However, 

these  i r r a d i a t e d  mice gave reduced a n t i t o x i n  responses when a t h i r d  i n j e c t i o n  

of ant igen was given 30,minutes a f t e r  exposure t o  600 rads. 

DISCUSSION 

Conclusive evidence has appeared concerning t h e  e f f e c t  of t h e  temporal 

r e l a t i o n s h i p  between exposure t o  ioniz ing r a d i a t i o n  and i n j e c t i o n  of an t igen '  on 

repress ion of antibody responses, 'There  appears t o  be general  agreement t h a t  

r a d i a t i o n  del ivered before i n j e c t i o n  of an ant igen is  more e f f e c t i v e  i n  depressing 

antibody formation than an equal or  g r e a t e r  dose of r a d i a t i o n  given 2-5 days 

a f t e r  i n j e c t i o n  of antigen, It i s  . d i f f i c u l t  t o  evaluate  t h e  discrepancies i n  

r e s u l t s  repor ted  by d i f f e r e n t  . inves t iga to r s  s ince  a wide v a r i e t y  of antigens,  

time r e l a t i o n s h i p s  between exposure to .  r a d i a t i o n  and an t igen ic  stimulus, t o t a l  

r a d i a t i o n  dose and laboratory animal species  have been used i n  these  . s tudies ,  . 

AI exce l lm~k discuss ion of these  f indings  may be found i n  a recent  paper by 

(11) S i m i c a n d S l j i v i c  . 
The s t u d i e s  of Dixon e t  a l ,  

( 5 )  and T a l i s f e r r o  e t  introduced t h e  

concept o f  a  l imi ted  rad iosens i t ive  phase (adapting phase) of t h e  antibody 

response when r a d i a t i o n  was given before t h e  ant igen and a l a t e r  r a d i o r e s i s t a n t  

production phase when rad ia t ion-was  del ivered a f t e r  i n j e c t i o n  of t h e  antigen, 

Many inves t iga to r s  have used t h i s  concept t o  evaluate  and compare t h e i r  r e s u l t s  

t o  t h e  f indings  from other  l abora to r ies ,  It should not be assumed t h a t  t h e  

r a d i o r e s i s t a n t  production phase of t h e  antibody response i s  completely i n s e n s i t i v e  



t o  radia t ion .  Repression of t h e  secondary a n t i t o x i n  response was previously 

repor ted  when r a d i a t i o n  was del ivered  21 days a f t e r  t h e  second an t igen ic  

* _ 
s t , h u l u s  and serum was obtained 21 days a f t e r  exposure t o  radiat ion( ' l ) ,  I n  

t h e  present  study, i r r a d i a t e d  animals produced a s  much a n t i t o x i n  a s  non- 

i r r a d i a t e d  animals when a r a d i a t i o n  dose of 650 r a d s  was del ivered  4 days a f t e r  

t h e  second i n j e c t i o n  of toxoid  and serum was obtained 5 days l a t e r ,  A r ad ia t ion-  

induced repress ion  of t h e  secondary response i n  t h e s e  .animals was observed 

when serum was obtained 32 days a f t e r  t h e  second i n j e c t i o n  of ant igen (Table III), 

I r r a d i a t e d  animals showed near ly  normal secondary a n t i t o x i n  responses when a 

r a d i a t i o n  dose of 600 r a d s  was del ivered  4 days a f t e r  t h e  second st imulus and 

f a i l e d  t o  respond t o  a t h i r d  an t igen ic  s t imulus de l ivered  30 minutes a f t e r  

exposure t o  r a d i a t i o n  (Table N).' From t h e s e  da ta  i t  i s  poss ib le  t o  c l e a r l y  

d i f f e r e n t i a t e  between t h e  capac i ty  of. i r r a d i a t e d  animals t o  produce near ly  

- normal.secondary antibody responses and t h e  i n a b i l i t y  of' t h e  same'animals t o  

respond t o  a t h i r d  an t igen ic  stimulus, These f indings  a l s o  demonstrate t h e  

r a d i o s e n s i t i v e  na tu re  of t h e  secondary response when s e r a  were obtained remote 

from t h e  time of t h e  second an t igen ic  s t imulus and exposure t o  r ad ia t ion ,  

Simic and ~ l ~ i v i c ' ' ' )  repor ted  i l l  t h r e e  phases of t h e  hemolysin response 

, to sheep red  c e l l s  i n  r a t s  a s  r ad iosens i t ive ,  They i n t e r p r e t e d  t h e  radio- 

s e n s i t i v i t y  of t h e  pre-induction phase, t h e  induct ion  phase, and t h e  production 

phase of t h e  antibody response ,as  a r e s u l t  of i n t e r f e r e n c e  with d i f f e r e n t  

processes involved i n  t h e  synthes is  of antibody, Modification of t h e  temporal 

r e l a t i o n s h i p  between i n j e c t i o n  of ant igen and i r r a d i a t i o n  r e s u l t e d  i n  r a d i a t i o n  

in ju ry  e i t h e r  t o  one phase only o r  a mul t ip le  radiation-induced i n j u r y  t o  

a l l  t h r e e  phases. They proposed t h a t  i r r a d i a t i o n  a f f e c t s  antibody syn thes i s  both 

through i n h i b i t i o n  of nucle ic  ac id  b iosynthes is  and p r o l i f e r a t i o n  of antibody- , 

forming c e l l s ,  F i t c h  e t  a l ,  (I2) demonstrated a c lose  c o r r e l a t i o n  between 

hyperplasia and increase  i n  pyroninophil ic  c e l l s  i n  t h e  spleen and antibody 



formation fol.lowing intravenous s t imula t ion with sheep red  c e l l s  i n  t h e  r a t ;  

X-irradiat ion . . abolished t h e  normal pa t t e rn  of c e l l u l a r  r eac t ion  t o  ant igenic  
. . 

st imulat ion,  I n  a l a t e r  study (I3) a depression of t h e  peak t i ter  of hemolysin 

antibody was observed when r a d i a t i o n  was del ivered 4 days a f t e r  s t imula t ion 

with t h e  antigen. The depression of c i r c u l a t i n g  antibody appeared t o  be r e l a t e d  

t o  a l t e r a t i o n  of t h e  h i s t o l o g i c  response following ant igen st imulat ion,  

I n  a recent  study i n  mice immunized with bovine serum albumin or  t e t a n u s ,  

toxoid, C o t t i a r  and J o s t  (I4) have shown with i n  v ivo  label ing with tritium 

labeled cytidine,  and t r i t i m l a b e l e d  thymidine t h a t  most of t h e  lymphatic 

organs of immunized animals have a g r e a t e r  percentage of small lymphocytes . 

a c t i v e l y  synthesizing RNA than - t h a t  found i n  non-immunized mice, On t h e  o ther  

' 
hand, t h e  r e l a t i v e  rad io res i s t ance  of a p a r t i c u l a r  lymphatic organ pa ra l l e led  

i t s  content  i n  small lymphocytes a c t i v e l y  synthesizing RNA and a l s o  

its. content i n  small lymphocytes t h a t  have ' formed a g r e a t e r  cytoplasmic mass 

and more granular  endoplasmic reticulum. The values obtained with ~ ~ - c ~ t i d i n e  

3 l abe l ing  w e r e  subtracted from t h e . v a l u e s  obta ined,wi th  H "thymidine label ing 

3 .  . . 
s ince  t h e  l a t t e r  goes only t o  DNA, A g r e a t e r  percentage of markedly H -cyt id ine  

. ~ 

labeled  small lymphqytes survived than 'weakly labeled  or  nollclabeled ce l ' l s  

when t e s t e d  t h r e e  hours a f t e r  a short-te& r a d i a t i o n  dose of 200 rads, The 

label ing index and mean g r a i n  count per labeled  i n t a c t  lymphocytes was higher 

i n  immunized, i r r a d i a t e d  animals than i n  immunized non-irradiated controls ,  

Plasma c e l l s  and t h e i r  immediate precursors t o l e r a t e  even higher r a d i a t i o n  

doses; these  c e l l s  may be found morphologically i n t a c t  i n  appreciable numbers 

a f t e r  shor t  term exposure t o  950 rads, However, C o t t i e r  and J o s t  emphasized 

t h a t  t h e i r  study was 1imited::to small lymphocytes and although they may be of 

importa.nce, t h e  small lymphocytes may not  necessar i ly  be precursors of c e l l s  

involved i n  antibody formation, The o r i g i n  of t h e  l a rge  lymphoid c e l l s  



proliferating during secondary antibody responses is still in doubt, In the 

present study, the nearly normal secondary responses of mice irradiated on 

days 4 to 7 may possibly result from antibody formation by radioresistant cells 

that have proliferated in response to the .second injection of antigen administered 

prior to irradiation, The observed inability of these irradiated mice to respond 

to a third injection of antigen may be accounted for either by failure to accept 

antigen, as proposed by ~ohn'~), or by radiation-repressed proliferation of a 

new and more radiosensitive group of cells ultimately concerned with'antibody 

synthesis, 

The present observation of incorporation of tritium activity into tetanus 

antitoxin when the initial injection of tritiated-histidine was given 4-6 

days after the second stimulus (1 hour to 2 days after radiation), clearly 

demonstrated synthesis of antibody in mice after exposure to 600 rads, It is 

apparent that antibody-forming cells were present in these animals capable of 

producing specific antitoxin after exposure to radiation when animals were 

antigenically stimulated 4 days prior to radiation, It is evident fmm the 

data shown in Table V and plotted in Figure 2 that the.antitoxin produced in 

both irradiated and non-irradiated animals during the secondary antitoxin response 

was not pre-formed during the induction phase of the response, and merely released 

nn day 4 or day 5 following the second antigenic stimulus. 

Convincing evidence has been brought forth by Gros -. . - et al. (I5) indicating 

de novo synthesis of antibody molecules. Heidelberger et al! 16)demonstrated -- 
a rapid appearance of radioactivity in normal components of rabbit plasma after 

feeding N"-labeled glycine. ~Bssivel~ transferred anti-pneumoccocal. rabbit 

serum did not incorporate radioactivity from the ~'~-1abeled amino acid to any 

extent.. Bulyan and Campbell (I7) administered c14-labeled leucine to rabbits 

14 
that had been.passively immunized and found that while C activity appeared in 

the normal serum constituents, the passively transferred antibody did not 



-17- 

14 
incorpora te  C following adminis t ra t ion  of t h e  labeled amino acid, Green 

and Anker (I8) concluded t h a t  none of t h e  major components of t h e  plasma 

prote ins  (albumin, non-antibody gamma globulin,  and remaining g lobul ins)  was 

a d i r e c t  in termedia te  i n  t h e  iticox-posat.%on of c14-labeled g lycine  i n t o  antibody 

protein,  Thei r  work indica ted  t h a t  most of t h e  antibody p ro te in  i s  formed by 

de n w o  syn thes i s  f r w  a ' d n o  ac ids  i n j e c t e d  a f t e r  ' adminis t ra t ion  of t h e  antigen,  -- 
Askonas and White 

'14 
( I9)  observed incorpora t ion  of C a c t i v i t y  i n t o  anti-walbrrmin 

i n  guinea p igs  when c14-labeled g lycine  was added t o  c u l t u r e s  of lymph node 

and o the r  lymphoid t i s sues ,  Af ter  an f n i t i a l  fag  period of20-30 minutes, t h e  

r a t e s  of incorpora t ion  of c14 a c t i v i t y  i n t o  both anti-ovalbumin and gamma g lobu l in  

f r a c t i o n s  remained steady w e r  a period o f . 2  hours and then rap id ly  diminished, 

T a l i a f e r r o  and Talmage (20) f oind very l i t t l e  incorpora t ion  of ~ ~ ~ - 1 a b e l e d  

amino ac ids  during t h e  induction period when r e c i p i e n t  r a b b i t s  received spleen 

c e l l s  from donors injected with ~ ~ ~ - 1 a b ' e l e d  amino ac ids  and t e c i p i e n t s  r.eceived 

t h e  same labeled  amino ac ids  only during t h e  production phase of t h e  antibody 

response, Thei r  r e s u l t s  indica ted  t h a t  most 05 t h e  sulphur a c t i v i t y  present  i n  

p r e c i p i t a t i n g  antibody was drawn from t h e  amino ac id  pool during t h e  rise of 

serum antibody and not  incorpora ted 'dur ing  t h e  f i r s t  t h r e e  days of t h e  induct ion  

period a f t e r  i n j e c t i o n  of b w i n e  serum albumin, They suggested t h a t  the  r a t e  

of rise of serum antibody r e f l e c t e d  t h e  r a t g  of antibody formation and t h a t  

t h e  induction period i s  concerned with productton of antibody-synthesizing 

enzymes r a t h e r  than with amino ac id  antibody precursors, I n  a l a t e r  study, 

T a l i a f e r r o  and ~ a l i a f e r r o  (21) s tudied  t h e  t r a n s i t  time of ~ ~ ~ - 1 a b e l e d  amino 

a c i d s  i n  r a b b i t s  during t h e  secondary response t o  b w i n e  serum albumin, Ac t iv i ty  

from s~~ d id  not  appear i n  t h e  p r e c i p i t i n s  a t  20 minutes, but was present  i n  

s i g n i f i c a n t  amounts a t  40 minutes and reached a p la teau  a t  45 hours when the  

sS5-labeled amino ac ids  were given during t h e  rise of t h e  secondary response 

3-0 days a f t e r  an t igen ic  s t imulat ion.  



The da ta  presented he'rein c l e a r l y  i n d i c a t e  t h a t  s i g n i f i c a n t  amounts of 

t r i t i u m  a c t i v i t y  were not found i n  t e t anus  a n t i t o x i n  ( p r e c i p i t a t e d  with t e t anus  

3 
toxoid i n  s l i g h t  ant igen excess) when H -Lohis t id ine  was i n j e c t e d  on day 2 and. 

day 1 of t h e  pre-induczlon period o r  during t h e  f i r s t  t h r e e  days of the  induct ion  

period following t h e  second an t igen ic  stimulus, However, a  marked inc rease  i n  

incorpora t ion  of tritium a c t i v i t y  occurred when t h e  labeled-amino ac id  was 

i n j e c t e d  on .days 4 and 5 and"on days 6  ,and 7 a f t e r  t h e  second an t igen ic  s t i+ lus .  
. . 

,,. . " 

Morewer, t h e  tr i t ium'  a c t i v i t y  incorporated i n t o  antibody was a s  high i n  

i r r a d i a t e d  animals a s  i n  non-irradiated con t ro l  animals when t h e  f i r s t  i n j e c t i o n  

3 
of H -H was'given one hour a f t e r  exposure t o 6 0 0  rads  on day 4 and, two days 

a f t e r  i r r a d i a t i o n  on day 6 .  Since t h e  labeled  amino ac id  was administered i n  

4 i n j e c t i o n s  t o  each group of animals over a period of 2 days, it was n o t .  

poss ib le  t o  determine t h e  t r a n s i t  time of t h e  i n j e c t e d  labeled  amino ac id  

from c i r c u l a t i n g  blood ' i n t o  antibody, Nonetheless, i t  i s  evident  t h a t  t h e  

g rea t  increas,e  i n  a n t i t o x i n  observed during t h e  secondary antibody responses 

i n  i r r a d i a t e d  and non-irradiated animals was not preformed during t h e  induct ion  

phase of t h e  response and merely re leased on day 4 t o  day 10 during t h e  secondary 

response, These da ta  i n d i c a t e  t h e  presence of c e l l s  i n  i r r a d i a t e d  animals 

capable of synthesizing antibody s ince  . the  antibody produced by t h e s e  animals 

and p r e c i p i t a t e d  -- i n  v i t r o  by s p e c i f i c  ant igen contained s i g n i f i c a n t  amounts of 

tritium a c t i v i t y ,  Although a r a d i a t i o n  dose of 600 rads  de l ivered  4 days a f t e r  

t h e  second st imulus f a i l e d  t o  r ep ress  t h e  secondary response a s  shown i n  

'Table IV, t h e  a b i l i t y '  t o  respond t o  a  t h i r d  an t igen ic  s t imulus was severely 

repressed, These f indings  i n d i c a t e  t h a t  antibody-producing c e l l s  o r  t h e i r  

precursors have p r o l i f e r a t e d  i n  response t o  t h e  second an t igen ic  s t imulus and 

survived long enough a f t e r  i r r a d i a t i o n  t o  produce near ly  normal secondary 

t e t anus  a n t i t o x i n  responses, It i s  not known a t  t h i s  time i f  f a i l u r e  t o  respond 

t o  t h e  t h i r d  i n j e c t i o n  of ant igen was due t o  an i n a b i l i t y  t o  accept ant igen 
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8 .  

when toxoid was injected 30 minutes after irradiation, The possibility 

should also be considered.that a new and different radiosensitive group 

of immunologically competent cells may fail to proliferate and synthesize 

antibody, 

SUMMARY 

1, Secondary tetanus 'alititoxin responses were abolished in mice when 

sublethal radiation doses of 650 rads were delivered by short-term exposure 

three hours before the second injection of antigen. Nearly normal secondary 

responses were observed when the same radiat,ion doses were delivered four 

days after antigenic stimulation, and sera were obtained 6 days later, 

2, Radiosensitivity of the seemingly radioresistant secondary antibody 

responses was demonstrated by ultimate repression of antitoxin titers when 

radiation was delivered four days after antigenic stimulation and sera were 

obtained four weeks after irradiation (32 days after the second injection 

of toxoid), 

3, It was possible to clearly differentiate between-the capacity of 

these irradiated animals to produce nearly normal'secondary~responses and 
. ' 

failure 6f the same animals to respond to .a third antigenic stimulus when 

radiation was delivered four days after, the second stimulus, and a third 

injection of antigen was given 30 minutes after the single exposure to 

650 rads, 

4 .  A marked incorporation of tritium activity appeared in antitoxin produced 

during secondary responses of irradiated and non-irradiated mice when tritium- 

labeled L-histidine was injected on days 4 and 5 and on days 6 and 7 after 

the second stimulus of tetanus toxoid. The data indicate that the antibody 

produced during secondary responses in irradiated and non-irradiated mice 

was not preformed during. the induction phase and merely released on days 4 or 5 



following the second stimulus of antigen, These findings indicate the 
\ 

presence of antibody-producing cells or their precursors that have proliferated 

in response to the second antigenic s t i ~ l u s  and survived long enough after 

irradiation to produce nearly normal secondary tetanus antitoxin responses. 
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FIGURE LEGEND 

1. Showing secondary responses obta ined  d a i l y  i n  12 groups of mice 

when r a d i a t i o n  was 'de l ive red  4 days a f t e r  a n t i g e n i c  s t imu la t ion .  

Each po in t  on t h e  curves r e p r e s e n t s  a group of 30 mice. 

2. Showing t r i t i u m  r a d i o a c t i v i t y  counted i n  an t ibody p r e c i p i t a t e d  

from t h e  above secondary ' response.  se ra .  Each p o i n t  on t h e  curves 

3 
r e p r e s e n t s  a  group of 10 mice. T r i  tium-labeled-L-histidine (H -HI 

was i n j e c t e d  dur ing  t h e  pe r iods  ind ica t ed .  
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EFFECT OF SUBLJETHAL AND SUPRALETHAL y-WDIklTION ON ANTIBODY FORMATION WHEN RADIATION 'W.4S DELIVERED 

FOUR WYS AFTER ANTIGENIC STIMULATION 

Group No. Number of whole Body y- Time Second Tetanus, 
Mice per  I r r a d i a t i o n  ' ' of  I r rad .  S t imulus  A n t i t o x i n  
Group. (Rads) . in  Rel- FI'T I n t  ,Units/  

a t i o n  t o  ( i .a .1  m l  Serum 
. . . . .  . . . .  . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Se.c.o.nd ..... - ... , . . . . . . . . . . . . . . . .  i.._.., ._ :_... . . . . . . . . . . . . . . . .  

. . . .  . . .  . . . . . .  . . .  , . .  . . .. S t f m l u s  , . 

. . 

1 105 None Not given N o 0.35 

None 

650 

650 

900* 

Not given Yes 

3 h r s  be fo re  Yes 

4 days a f t e r  Yes 

3 h r s  be fo re  Yes 

* I n  a c o n t r o l  group given 900 rads, 34 of 35 mice d i ed  wi th in  30 days. 



TABLE I1 

EFFECT OF RADIATION DELIVERED AT DIFFERENT TIMES ON SECONDARY ANTITOXIN RESPONSES 

Gra ip  No. y-Radiation Second T i m e o f  ' Ant i tox in  T i m e S e r a  No. Died 
St imulus Radia t ion  i n  I n t e r -  Obtained i n  

(35, mice Dose Tetanus Rela t ion  t o  n a t i o n a l  Rela t ion  t o  Post-  

(Rads) 
Radia t ion  

pe r  group) . . .  .Toxoid . . . .  S.ec.,ond . . . . . . . .  Unit.s/.ml.. . .  T.ime ,of . . . . . . . . . . . . . . . . . . . .  

Stimulus Serum* I r r a d i a t i o n  

1 None None - 0.04 - 0 

2 - . None Yes - 16.7 - 0 

3 750 Yes 6 h r s .  before  0.05 10 days 7 

4 750 Yes 1 day a f t e r  0:08 9 'days 9 

5  750 Yes 2 days a f t e r  1.2 . 8 days 5  
. . .  

f.l 6 750 Yes.  ' . 3 days a f t e r  4.15 7 days 9 
Q 6 '  

7 750 Yes 4 d a y s  a f t e r  14.'57 , 6 days 7 

8 750 Yes 5 days a f t e r  12.5 5 days 1 

9 750 Yes 6 days a f t e r  12.5 4 days 0 

10 . , . . . . . .  . . .  . . .  750 , .. Y e s  7  days a f t e r  1 0 .  Q 3 d a y s  
. . . . . .  . . . . . . . . .  . . . . . . . . .  . . .  . . . . . . .  

0 .  

' * A l l  animals ' s a c r i f i c e d  f o r  serum 10  days a f t e r  t h e  second i n j e c t i o n  of t e t a n u s  toxoid.  



TABLE I11 

SECONWRY ANTIBODY RESPONSES WHEN SERA WXRE OBTAINED N I N E  AND THIRTY-TWO LAYS AFTER THE SECOND 

ANTIGENIC STIMULUS 

Group No.* Time of Radiat ion Second Tetanus An t i tox in  I n t e r n a t i o n a l  , , . ,  
. . . . .  . ~ n i t s / m l  .pooled Serum ' .. 

(35 mice/group) Dose ' ,  Stimulus 
(650 Rads) PTT ,(i .a.)  S e r a  Obtained S e r a  ob ta ined  

. . . .  . . . .  . ... . : .  . . . .  .? da.ys A f t e r  
. . . . . .  , . . . . . . . . . . . . .  

3 2 ,  Days A f t e r  . , , 

. . .  Second St imulus .  - -Second St imulus  

1 None None . 0.48 0.53 

2 None 1 Yes 15.9 22.0 

3 h r s  before  
second s t imulus  Yes 1.0 

r 4 4 4 days a f t e r  
. . . . . .  . . .  second. ~s t imuluS . . . . . . . .  .Yes . . . . . . .  25.5. . . . . . . . .  ..12..0 

* A l l  animals rece ived  a primary a n t i g e n i c  s t imulus  of 0.05 m l .  adsorbed toxoid  by 
subcutaneous route .  . . 



TABLE I V  

ANTIBODY RESPONSES I N  MICE IRRADIATED FOUR WYS AFTER A SECOND ANTIGENIC STIMULUS WHEN A THIRD ANTIGENIC STIIMULUS 

FIAS GIVEN THIIYTY MINUTES AFTER IRRADIATION 
. . . . . . . . . . . . .  . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  % . . . . . . . . . . . . . . .  . ,  . . .  . . . . . . .  . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  -. 

Group No.* Time of Exposure Second Third Time Sera  Tetanus Anti toxin  
(3.5 m i ~ e / ~ r o u p )  t o  600 Rads i n  Stimulus Stimulus Obtained Ant i toxin  Produced A f t e r  

Relat ion t o  Second FTT (i .a .)  ' 30 Minutes Af te r  Antigenic I n t e r n a t i o n a l  Th i rd  
. .  . . . . . .  . . -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . , . . . , . .  . . . . . . . . .  Ant$.g.enic After. . S t i . w l a t i o n ,  , . ,  , Unit s / m l  .S~t,$mulus 

. . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  Stj.mlus , I r r a d i a t i o n  . .Pooled .Sera 

1 None Yes None 10 days a f t e r  14.8 - 
second 

2 None Yes Yes 

33 min. before Yes 

. . : .. 
4 days a f t e r  - Yes 

None 

6 days a f t e r  41.25 
t h i r d  

YO days a f t e r  1 5  . . 
second 

None. . 10 days a f t e r  
second . ' 15.5 

5 4 days - af& Yes Yes - 6 ,days  a f t e r  
. . . . . . . . . . . . . .  ..... . . . . . .  . . . . . , . . . . . , .  , . . . . . . . . ,  . . . . .  : . . .  . . . , . . . .  . . . . . . . . . .  .. . . . . .  . . . . . . . .  1 _ ..,... . . t h  jrd g...g ...., ,6..5: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L * A l l  animals received a primary an t igen ic  s t imulus of 0.05 m l .  adsorbed toxoid by subcutaneous route. 



. . . . . . . .  

TABLE V 

INCORPORr\TIOr;I. OF TRITIUM FXOM TRITIUM-LABELED LdISTIDINE INTO MOUSE TETANUS ANTITOXIN 

Group No, Time of  I n j e c t i o n  y-Radiat ion . Tetanus dpm/ml i n  dpm/ml of 
( 10 mice ~ ~ d i s t i d i n e  i n  Given Day 4 Ant i toxin  Antibody F lu id  Above 

After I n j e c t i o n  In te r -  per  group) Rela t ion  t o  Second P r e c i p i t a t e d  Ag-rAntibody 
Stimulus of Antigen*, . of ,Anti.gen. . . n a t i o n a l  , , . . w i t h .  . . . . , P. rec ip i t a t e  

. . .  . . . . .  . , .  . . .  ( R ~ ~ ~ )  . . . . .  Unkts/ml ( ~ a y s )  .Antigen . . .  

-2. 1 Before 

1 hour, 1 A f t e r  

2, 3 A f t e r  

4, 5 Af te r  

6, 7 A f t e r  

-2, - 1 Before 

1 hour, 1 A Z t e r  

8 2, 3  After 

9 4,5 A f t e r  

600 

None 

None 

None 18.8 

None 20.0 

6,7 Af te r  None 10052 

None 
. . . .  

* Second an t igen ic  s t imulus of 0.05 m l  f l u i d  t e t anus . toxo id  i n j e c t e d  by intra-abdominal mute on day zero. 




