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of 5*Fe in bone  falls below the  COlitrol value b u t  shows no 
addi t iona l  r educ t ion  wi th  increasing exposure  4. I t  is 
a s sumed  t h a t  th is  r ep resen t s  ~~ t aken  up in s torage or 
o the r  r ad io res i s t an t  sites, and these up takes  will be 
referred to as 'basel ine ~ uptakes .  Therefore,  the  ne t  
up take  will be the  to ta l  up t ake  minus  the  basel ine up take .  
The results  will be p re sen ted  as two fact ions : t he  rat io of 
the  to ta l  up takes  of i r rad ia ted  to contro l  and  the  same 
rat io  of the  ne t  uptakes .  
Results. R a t  bones m a y  be d iv ided into 2 classes; those  
which  show a reduc t ion  in SSFe up take  following exposure  
and  those  insensi t ive  bones  which  show no reduc t ion  
following i r rad ia t ion  4. All of the  sensit ive bones  will be 
p resen ted  here.  The contro l  iron up takes  and  the  basel ine 
up takes  for these  samples  are p resen ted  in the  table  in 
t e rms  of pe rcen tages  of the  in jec ted  59Fe. A p lo t  of the  
f rac t ion of to ta l  cont ro l  up take  wi th  t ime pos t -exposures  
is p resen ted  in figure A. I t  m a y  be no ted  t h a t  among  the  
bones  considered,  the  femur  and s t e rnum show grea ter  
reduct ions  in up t ake  t h a n  the  scapula  or cervical  spinal  
segments .  This  is s imilar  to  the  results  r epor ted  by  Hol~2. 
However ,  when  the  ra t ios  of the  ne t  up takes  are p lo t ted ,  
as in figure B, these  differences in response of the  m i n i m a  
are reduced.  

Also, it  m a y  be no ted  t h a t  the  m i n i m u m  in up take  fo reach  
bone occurs be tween  16 and 24 h pos t -exposure .  This 
t y p e  of response  was no ted  for all radiosensi t ive  bones  
even wi th  differ ing dose ra tes  (8.2 R/min .  and  116 t~/min.). 
Who le -body  exposures  of 100 R and  300 R gave similar  
results .  The  only  no tab le  di f ference was a more  pro-  
nounced  m i n i m u m  a t  24 h pos t - i r radia t ion ,  and  a delayed 
r e tu rn  toward  no rma l  up take  values.  
Discussion. The up take  of ~SFe in the  femur  or t ib ia  m a y  
be considered as being r ep resen ta t ive  of t he  e ry th ro-  
poiet ic  ac t iv i ty  of the  to ta l  skele ton in i r rad ia ted  ra ts  as 
long as t he  basel ine ac t iv i ty  has  been  sub t rac ted .  The 
min ima  in up take  in th is  s t u d y  occur earlier t h a n  those  
repor ted  by  Hol~ et  al. However ,  o thers  have  repor ted  
m a x i m u m  responses  a t  24 h pos t i r r ad ia t ion  5,s. This 
difference m a y  be due to the  mode  of inject ion.  Hol~ used 
an in t raper i tonea l  in jec t ion  route  while an in t ravenous  
rou te  was used in th is  s tudy.  
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Summary. A formula-def ined  die t  (diet 3, table  1) ac ted  as an a d j u v a n t  in the  response  of the  i m m u n e  s y s t em to SRBC 
in the  rat .  Similar  m i n i m u m  and m a x i m u m  a n t i b o d y  levels were measured  in bo th  males and  females.  In  t he  males, the  
m a x i m u m  was reached  wi th  die t  3 alone while females  requi red  the  c o m p l e m e n t a r y  act ion of d ie t  3 and L P S  m R  595. 

A s ex -dependen t  e n h a n c e m e n t  of the  up take  of t r i t i a t ed  
t h y m i d i n e  (aH-TdR) by  hematopo ie t i c  t issues has  been 
repor ted  when  ra ts  were fed cer ta in  formula-def ined  
diets  ~. Those resul ts  sugges ted  t h a t  such formula-def ined  
diets  could also affect  the  response  of the  i m m u n e  sys t em 
in a sex-re la ted  manner .  
We now repor t  t he  effect  of e lementa l  d ie t  3 3 on the  
response  of the  r a t  i m m u n e  sys t em to sheep e ry th rocy t e s  
(SRBC). The compos i t ion  of the  diet  has  a l ready  been  
descr ibed elsewhere *. A n t i - S R B C  a n t i b o d y  levels were 
measured  in the  se rum of male  and virgin female Sprague-  

Table 1. Detailed composition of diet 3 

Grams per 100 g 

Casein hydrolysate 12.560 
Sucrose 46.839 
Corn syrup solids (glucose oligosaccharides ) 16.812 
Long-chain triglycerides 11.982 
Medium-chain triglycerides 2.997 
Tapioca starch 5.234 
Minerals 2.611 
Free amino acids 0.384 
Choline chloride 0.028 
Water 0.553 
Sodium citrate hydrous 0.656 
Potassium chloride (from casein) 0.248 

Dawley  ra t s  6-7 weeks old, fed e i ther  the  e lementa l  d ie t  
or Pur ina  l abo ra to ry  chow. In  addi t ion ,  we inves t iga ted  
to  w h a t  e x t e n t  d ie t  and sex mod i fy  the  a d j u v a n t  effect  of 
l ipopolysacchar ide  (LPS) m R  5955. 
R a n d o m i z e d  groups  of 6 an imals  were  fed as  previous ly  
descr ibed 4. SRBC s were r e suspended  a t  a 1:10 di lut ion in 
p h o s p h a t e  buffered  saline (PBS) and  in jec ted  i.p. (1 ml, 
a p p r o x i m a t e l y  l0 s cells). L P S  was  p repa red  in P B S  and  
40 ~g in jec ted  ip s imul taneous ly  to SRBC. A n t i - S R B C  
an t i b o d y  c o n t e n t  of se rum was de t e rmined  by  passive 
hemagg lu t ina t ion  7 days  later.  
Resul ts  are p re sen ted  in tab le  2. In  controls  fed l abora to ry  
chow, b o t h  males  and  females  had  comparab le  an t i -SRBC 
a n t i b o d y  levels. R e m a r k a b l y  h igher  levels (by a factor  of 
23 on the  average  in the  males  and  7 in the  females) were 
found in animals  fed die t  3. By  cont ras t ,  L P S  was found 
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to  increase the  a n t i b o d y  con t en t  only b y  a factor  of 2 in 
the  males  fed l abo ra to ry  chow and  a p p r o x i m a t e l y  5 in the  
females.  This  indicates  t h a t  t he  a d j u v a n t  effect  of diet  3 
on the  response  of the  immune  sys t em to SRBC is con- 
s ide rab ly  grea te r  in the  males  b u t  no t  the  females  t h a n  
t h a t  ob ta ined  wi th  LPS.  While  the  combina t ion  of diet  3 
and  L P S  did no t  s ignif icant ly  affect  a n t i b o d y  levels in the  
males,  i t  had  an  a d j u v a n t  effect  (by a factor  of 4) in the  
females.  This shows t h a t  a c o m p l e m e n t a r y  act ion of d ie t  
3 and  L P S  is found  in the  females  only. N o t w i t h s t a n d i n g  
these  sex-re la ted  differences,  b o t h  males  and females  

Table 2. Effects of diet 3, sex and LPS mR 595 on the response of the 
immune system to SRBC ill the rat 

Anti-SRBC antibody levels determined in serum by passive hemag- 
.glutination 
Sex Animals fed laboratory chow Animals fed diet 3 

SRBC �9 SRBC-LPS b SRBC SRBC-LPS 

Males 

Females 

3.50 -4- 0.85 c 4.67 • 0.61 8.00 -t- 0.32 7.00 ~- 0.45 
11 a 25 256 128 
(6-20) e (17-39)  ( 2 0 5 - 3 2 0 )  (94-175) 

3.61 -t- 0.51 5.83 ~- 0.38 6.45 4- 0.37 8.50 4- 0.22 
12 57 87 362 
(9-17) (44-74) (68-113) (311-422) 

�9 SRBC: sheep erythrocytes (1 ml, 108 cells) injected i.p. bLPS: 
40~tg injected i.p. simultaneously to SRBC. cMean number of wells 
(x) 4- SE, 2 groups of 6 animals, aTitre as obtained by 2 x. eTitre 
range as obtained from SE of x. 

showed similar  m i n i m u m  and m a x i m u m  a n t i b o d y  levels. 
These f indings m a y  be in t e rp re t ed  in t e rms  of a sex- 
re la ted  s t imula t ion  of the  hematopo ie t i c  sys t em b y  die t  3. 
In  the  males,  a grea te r  up take  of 3 H - T d R  b y  the  h ema to -  
poiet ic  t issues has  a l ready  been  shown w h e n  animals  were 
fed the  e lementa l  d ie t  ins tead  of l abo ra to ry  chow 4, 7. In  
the  females,  on the  o the r  hand ,  a s ignif icant ly  lower up- 
take  of 3 H - T d R  b y  the  spleen and  the  l y m p h  nodes  was 
ob ta ined  under  t he  same nu t r i t iona l  condi t ions  2. I t  ap- 
pears  t h e n  t h a t  d ie t  3 affects  the  cellular sys tems  r e s p o n -  
sible for the  i m m u n e  response  to  a d i f fe rent  e x t e n t  in the  
males and  the  females.  Such a d ie t a ry  effect  would  also 
account  for the  sex-re la ted  differences observed in the  
a d j u v a n t  ac t ion of LPS.  An a l t e rna t ive  in t e rp re t a t i on  
t h a t  a n t i b o d y  p roduc t ion  or t u rnove r  is modif ied by  the  
e lementa l  diet  is p re sen t ly  under  inves t igat ion.  
The influence of fo rmula-def ined  diets  on the  response  of 
the  i m m u n e  sys t em is l ikely to have  clinical impor tance .  
Such diets  are a l ready fed t u mo u r -b ea r i n g  pa t i en t s  to 
assure p roper  nu t r i t iona l  and sys temic  balance  dur ing  
cance ro the rapy  s- l~ Of par t icu lar  in te res t  is our f inding 
t h a t  d ie t  3 affects  a n t i - S R B C  a n t i b o d y  p roduc t ion  to a 
similar  and even  grea ter  ex t en t  t h a n  LPS.  Lipopoly-  
sacchar ides  have  been  and  are still  inves t iga ted  as pro-  
mising a d j u v a n t s  in the  t r e a t m e n t  of cancer  n.  
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Summary. In jec t ion  of 3H-est radiol  in to  p r e g n a n t  ra ts  resul ted in fetal  blood rad ioac t iv i ty  5 t imes  higher  t h a n  in 
m a t e r n a l  blood.  Signif icant  a m o u n t s  of ~H-est radiol  were found in fetal  blood 24 h la ter  and  in the  offspring 5 days  
a f t e r  bir th .  

Dis t r ibu t ion  of 3H-estradiol  in fetal  and neona ta l  r a t  
t issues has  been s tudied  ex tens ive ly  2-5, b u t  no repor t  on 
the  long t e r m  re ten t ion  of th is  s teroid  in the  blood 
appear s  in the  l i te ta ture .  Fe t a l  and neona ta l  r a t  p l a sma  
con ta ins  an  es t radiol  b ind ing  p l a sma  pro te in  (EBP) 
which  has  a capac i ty  for b ind ing  large quan t i t i e s  of  
es t radiol  ~ I t s  func t iona l  significance is no t  well under-  
s tood.  High concen t ra t ions  are found in fetal  rats,  w i th  
a r ising t i t e r  as t h e y  app roach  te rm.  E B P  displays  a 
half-l ife in pos tna t a l  blood of a b o u t  4 days  and d isappears  
by  the  29th day.  E B P  is found in low concen t ra t ions  in 
p r e g n a n t  rats ,  bu t  is absen t  in n o n p r e g n a n t  adu l t sL  
R e m o v a l  of 3H-estradiol  f rom the  blood of n o n p r e g n a n t  
adu l t s  is fairly rap id  8, b u t  because of the  presence  of E B P  
one m i g h t  suspec t  the  r e t en t ion  of th is  s teroid in the  blood 
of fe ta l  a n d  neona ta l  ra ts  could be longer.  
Ddhler  and  W u t t k e  found  se rum est radiol  was grea ter  in 
1- and  2-day-old neona tes  t han  in any  o ther  age group,  
inc luding adul t s  ~ Es t rad io l  values  decl ined slowly for 
several  days,  and t h e n  rose to  mode ra t e ly  high levels by  
d a y  10. The au thors  were unable  to explain  th is  pa t t e rn .  
The decl ining estradiol  levels paral lel  a known drop  in 
c i rcula t ing E B P  and  m a y  be casual ly  re la ted  to it. The 
es t rogen in t he  offspring could resul t  f rom p lacen ta l  

t r ans fe r  of ma t e rn a l  es t rogen pr ior  to  par tur i t ion .  The 
p re sen t  s tudy  repor t s  the  long t e r m  re t en t ion  of 3H- 
es t radiol  in the  blood of fetal  and neona ta l  ra t s  following 
in jec t ion  of th is  s teroid in to  the  mother .  
Materials and methods. Sprague-Dawley  rats,  20 days  
p regnan t ,  received i.v. 0.5 txCi ~H-estradiol/g of b .wt .  
The es t radiol  (91.3 Ci/mM, New E n g l an d  Nuclear) was 
checked for p u r i t y  by  TLC prior  to use. In jec ted  animals  
were decap i t a t ed  and the i r  fetuses r emoved  and kep t  cold 
unt i l  b lood samples  could be taken.  Adu l t  and fetal  blood 
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