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Table IV. Attenuation coefficients/*o (cm '~ g-~), number  of electrons per g Ne and average atomic number  ~ of bones in man 

13 4 1  

Persoi1 661.6 keV 59.57 keV 28.5 keV 

/zo Ne /Zo " /~o 

Corpus femoris 
H 0.0899 3.509 • 1023 0.3610 13.74 -1- 0.05 1.461 
I 0.0884 3.451 0.3465 13.52 1.559 
K 0.0827 3.228 0.3460 14.12 1.537 

Mean 13.8 

12.73 =L 0.03 
13.11 
13.35 
13.1 

Caput femoris 
H 0.0895 3.494 0.2771 11.15 1.052 11.32 
I 0.0875 3.416 0.2665 10.95 1.007 11.24 
K 0.0890 3.474 0.2865 11.57 1.027 11.25 
IVfean 11.2 11.3 

Trochanter major 
H 0.0904 3.529 0.3003 11.91 1.218 11.91 
I 0.0888 3.466 0.3019 12.15 1.055 11.3: 
K 0.0873 3.408 0.2807 11.56 1.142 11.7 s 

Mean 11.9 11.7 

Ribs 
I 0.0893 3.486 0.3246 12.78 1.355 12.4.~ 
K 0.0875 3.416 0.3031 12.32 1.351 12.49 

Mean 12.6 12.5 

Squama frontalis 
I 0.0882 3.443 0.3290 13.0~ 1.474 12.8~ 
K 0.0826 3.224 0.3313 I3.7~ 1.535 13.35 

Mean 13.4 13.1 

The variation of 0.05 or 0.03 on ~z corresponds to an average error of 0.7% on the attenuation coefficient per electron #olNe. 

28.5 keV.  ( W i t h  t h e  v a l u e s  of  HUBBEL, Z : 7.38 a n d  7.44 
r e s p e c t i v e l y . )  

The measured tissues were  t a k e n  i m m e d i a t e l y  a f t e r  t h e  
d e a t h  of  t h e  s u b j e c t s  a n d  p u t  i n t o  t h e  P l e x i g l a s  c y l i n d e r s  
m e n t i o n e d  a b o v e .  T h e  b o n e s  we re  c r u s h e d .  A n  e x a m p ! e  of 
t h e  e x p e r i m e n t a l  d a t a  for  o n e  t i s s u e  ( s t r i a t e d  m u s c l e )  is 
g i v e n  in  T a b l e  I I .  T h e  s u m m a r i z e d  r e s u l t s  of  T a b l e s  I I I  

7 The radiation of 125I not being monoenergetic, the measured 
at tenuation coefficient slightly varies with the thickness of the 
absorber. The result may  be, for the high Z, an error of about 2% 
on ~Xo whose consequence will bring down the values of ~ for the 
bones. 

s Acknowledgments are due to the Fund for Scientific Research, 
University of Zfirieh, which financed the electronic equipment and 
the NaI(T1)-Crystal, and to the Inst i tute of Pathological Anatomy 
of the University Ztirich (Prof. Dr. med. E. ~hlinger and Prof. 
Dr. med. C. Hedinger) for supplying us with tissues. 
Address for correspondence: Mrs. M.-L. J OYET, Fritz-Fleinerwegd, 
CH-8044 Zfirich (Switzerland). 

a n d  I V  s h o w  t h a t  2 v a r i e s  f r o m  6 to  8 for  t h e  so f t  t i s s u e s  
a n d  f r o m  11 to  14 for  t h e  b o n e s  7. T h e  h i g h  a n d  v a r i a b l e  

v a l u e s  of  Z for  t h e  b o n e s  s u g g e s t  t h e  p o s s i b i l i t y  of  a n  
i n - v i v o  d e t e r m i n a t i o n  of c a l c i u m  a n d  p h o s p h o r u s  s. 

Rdsumd. Le  c o e f f i c i e n t  d ' a t t a n u a t i o n  m a s s i q u e  #o d e s  
t i s s u s  h u m a i n s  p o u r  662, 60 e t  28,5 k e V  e s t  m e s u r 6  d a n s  
u n e  g a o m a t r i e  X f a i s c e a u  6 t ro i t ,  a v e c  u n  d a t e c t e u r  
NaI (T1)  m i n c e ,  p o u r v u  d ' u n e  61ec t ron ique  /~ f en~ t re .  L e  
h o m b r e  Ne d % I e c t r o n s  p a r  g e s t  d a t e r m i n 6  a v e c  u n e  
p r a c i s i o n  de  ~<1,5% (S.D.) .  A p ~ r t i r  d e s  v a l e u r s  de  #o 
m e s u r a e s  ~ 60 e t  28,5 keV,  a v e c  u n e  p r a c i s i o n  de  ~ 1 , 7 %  

(S.D.) ,  on  d a t e r m i n e  u n  2 m o y e n  q u i  v a r i e  de  6 5~ 8 p o u r  
les t i s s u s  m o u s  e t  de  11 ~ 14 p o u r  les os. O n  m o n t r e  q u e  le 

2 m o y e n  de  l ' e a u  es t  t r~s  v o i s i n  de  ce lu i  de s  t i s s u s  m o u s ,  
la  g r a i s s e  e x c e p t a e .  

G. JoYET~,  A. BAUDRAZ a n d  M. -L .  JoYET 

Laborc~tory /or Dosimetry and Protection g, 
University o~ Z~rich (Switzerland), 72 Ju ly  1974. 

Inability of Specific Antibodies to Discriminate Between Frog and Tadpole Haemoglobins in Mixture 

Rana catesbeiana t a d p o l e  ( la rva l )  a n d  f rog  (adu l t )  
h a e m o g l o b i n s  h a v e  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t y  a n d  
a m i n o  ac id  c o m p o s i t i o n  1,e. B o t h  a r e  r e l a t i v e l y  p o t e n t  
i m m u n o g e n s ,  a n d  s e r a  of  r a b b i t s  i m m u n i z e d  a g a i n s t  
t a d p o l e  o r  f r o g  h a e m o g l o b i n s  h a v e  b e e n  s h o w n  to  be  
spec i f i c  a n d  w i t h o u t  a n y  s i g n i f i c a n t  d e g r e e  of  c ro s s  
r e a c t i v i t y 3 ,  *. T h e  f o l l o w i n g  r e s u l t s  s h o w  t h a t  r a b b i t  
a n t i s e r a  a g a i n s t  t a d p o l e  o r  f r og  h a e m o g l o b i n s  c a n n o t  

d i s c r i m i n a t e  b e t w e e n  t h d g e - t w o  a n t i g e n s  w h e n  R.  
catesbeiana l a r v a l  a n d  a d u l t  h a e m o l y s a t e s  a r e  m i x e d  

1 B. Moss and V. M. INGRAM, J. molec. Biol. 32, 481 (1968). 
2 S. J. AGGARWAL and A. RINGS, J. biol. Chem. 244, 2372 (1969). 
8 G. MANIATIS and V. M. I~GRA~, J. Ceil Biol. 49, 380 (1971). 
4 j .  BE~BASSAT, J. Cell Sci., in press. 
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together. This finding is compatible with the formation of 
complexes between tadpole and frog haemoglobins in 
vitro. 

The source of R. catesbeiana tadpoles and frogs, and 
the methods of blood collection and separation of the 
various haemoglobin fractions by polyacrylamide gel 
electrophoresis, have been described 5. Rabbits were 
immunized against the major tadpole and frog haemo- 
globin components as outlined by MANIATIS and INGRAM 3. 
3 to 5 injections, each containing 0.3-1.0 mg of the 
immunogen, were given. 1 week after the last injection the 
animals were bled and the antisera obtained were charac- 
terized by immunodiffusion, immunoprecipitation and 
immunofluorescence as described in reference ~. 

Tadpole and frog red cells were labelled by incubation 
for 16 h at 29~ in Amphibian Culture Medium (Grand 
Island Biological Company) with either 14C amino acids 
mixture (NEC-445) or tritiated L-valine and DL-lysine 
(Schwarz Bio-Research). After incubation the cells were 
chilled, washed in Ringer's solution and lysed in tris- 
glycine buffer (pH 8.3) by freezing and thawing. The 
haemoglobin was converted into cyanmethaemoglobin 
and the stroma and ribosomes were sedimented by cen- 
trifugation at 105,000 g for 90 rain. Roughly equal amounts 
of the supernatant  frog (14C) and tadpole (all) haemoglo- 
bin solution were mixed together, dialyzed overnight 
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against tris-glycine buffer (ptt 8.3) supplemented with 
KCN and kept frozen unti l  used. 

Immunoprecipitation experiments between the haemo- 
globin solutions and the antisera were carried out in the 
presence of antibody excess as determined by standard 
immunoprecipitation curves ~. Between 2-3 ~.g haemo- 
globin equivalent to 100-200 1'C (frog haemoglobin) cpm 
and 300-500 ~H (tapole haemoglobin) cpm were treated 
with either 0.4 ml anti tadpole haemoglobin antiserum or 
0.1 mi anti  frog haemoglobin antiserum. The mixtures 
were left overnight at 4~ The immunoprecipitated 
material was washed twice in the cold, dissolved in formic 
acid and transferred to vials for determination of radio- 
activity. 

The results of a representative experiment are shown 
in the Table. Treatment of labelled tadpole haemolysates 
with antisera against tadpole haemoglobin resulted in the 
precipitation of 38% of the radioactivity of the antigen; 
when frog haemolysates were treated with antisera 
against frog haemoglobin, 91% of the antigen was preci- 
pitated. The amount of the radioactivity precipitated from 
tadpole haemolysates by anti  frog haemoglobin antisera, 
and from frog haemolysates by anti tadpole haemoglobin 
antisera, did not exceed 7%. This apparent specificity of 
the antisera could not be demonstrated when the antigens 
(14C frog haemolysates and tritiated tadpole haemolysates) 
were mixed together. When larval and adult heamoglo- 
bins were both present in the reaction mixture, antisera 
against frog haemoglobin precipitated 96% of the 14C 
(frog haemoglobin) counts and 46% of the 3t{ (tadpole 
haemoglobin) counts. Similarly, antisera against tadpole 
haemoglobin precipitated 43% of the 3H (tadpole haemo- 
globin) counts and 27% of the 14C (frog haemoglobin) 
counts. Repeated experiments with higher amounts of 
antigen and antisera yielded similar' results. 

In  order to confirm that  the precipitin reaction involved 
indeed globin, and not some other non-haemoglobin 
red cell protein, the immunoprecipitates were further 
characterized by polyacrilamide gel electrophoresis. The 
immunoprecipitated material was dissolved in deionized 
8 M urea, possible disulfide bonds were reduced by the 
addition of mercaptoethanol, thiol groups were blocked 
by alkylation with iodacetamide and the dissociated 
protein subunits were resolved by polyacrylamide gel 
electrophoresis in 8 M urea. After electrophoresis the gels 
were fractionated and counted as detailed ill reference 5. 
The results of tile elctrophoretic separation and alkylated 
immunoprecipitated globin, depicted in the Figure, show 
that  the immunoprecipitate obtained by treatment  of a 
mixture of 14C frog haemolysate and tritiated tadpole 
haemolysate with antiserum against tadpole haemoglobin, 
consisted of both tadpole and frog globin chains. I t  may 
be conluded, therefore, that  specific antisera against tad- 
pole and frog haemoglobins cannot discriminate between 
these two antigens when both of them are present in the 
reaction mixture. 

S j .  BENBASSAT, J.  Cell Sci., in press. 

Electrophoresis of immunopreeipitated reduced and alkylated 
tadpole (Rana catesbeiana) and frog haemoglobin in alkaline 8 M 
urea polyacrylalnide gels. The methods of preparation ol the anti- 
sets, and of reduction and alkylation of the immunoprecipitation and 
the conditions for electrophoresis are detailed in references 4 and ~. 
A) Tritiated tadpole haemotysates treated with antisera against 
tadpole haemoglobin. B) C frog haemolysates, treated with antisera 
against frog haemogIobin. C) A mixture of tritiated tadpole haemolys- 
ates and 14C frog haemolysates treated with antisera against tadpole 
haemoglobin. 
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Immunoprecipitation of tadpole (Rana catesbeiana) and frog labelled haemolysates 

1343 

Antigen TCA precipitable (cpm) 

~4 C a H 

Antiserum Immunoprecipitated (cpm) 

14C ~H 

Tadpole haemolysate (all) 

Frog haemolysate (14C) 

Tadpole (all) and frog (1~C) haemolysates 

191 
(100%) 

100 
(100%) 

648 Anti-T -- 246 (38%) 
(100%) Anti-F -- 20 (3%) 

Control -- 18 (3%) 
Anti-T 10 (5%) -- 
Anti-F 174 (91%) -- 

Control 6 (3%) -- 
286 Anti-T 27 (27%) 123 (43%) 

(100%) Anti-F 96 (96%) 132 (46%) 
Control 7 (7%) 16 (6%) 

Anti-T and anti-F refer to antisera of rabbits immunized with the major components of tadpole and frog haemoglobins, respectively. The 
control consisted of serum of a non-immunized rabbit. 

A conceivable exp lana t ion  for this  f inding could be t h a t  
roughly  half  of the  a m o u n t  of tadpole  or frog haemo-  
globins in the  mix tu re  are p resen t  in t he  form of tadpole-  
frog haemoglob in  complexes  or hybr ids .  Haemoglob in  is 
known  to undergo  dissociat ion in acid or alkaline solu- 
t ions,  concen t r a t ed  salt  m e d i a 6  and even at  neu t ra l  p H  
and  low ionic s t r eng thL  Hybr id i za t i on  i.e., r ecombina-  
t ion  of subuni t s  belonging to d i f ferent  m a m m a l i a n  s or 
amph ib i an  2 haemoglobins ,  has  been  repor ted  to occur 
only when  mix tu res  of haemoglob ins  were exposed to  a 

6 A. Rossi FANELLI, E. ANTONINI and A. CAPUTO, Adv. Protein 
Chem. 79, 73 (1964). 

7 G. GUIDOTTI, W. KONIGSBERG and C. CRAIG, Proc. natn. Acad. 
Sci., USA 50, 774 (1963). 

s H. A. ITANO and S. I. SINGER, Proc. natn. Acad. Sei., USA dd, 522 
(1958). 

9 Acknowledgment. This work was upported by a grant from the 
Joint Research Fund of the Hebrew University and Hadassah. 

p H  near  4.7 or 11.0 and subsequen t ly  neutra l ized.  The 
exper imen t s  repor ted  in th is  pape r  were carr ied out  a t  
p H  8.3 and at  low ionic s t rength .  If valid,  the  conclusion 
t h a t  R. catesbeiana t adpole  and frog haemoglobins  form 
hybr ids  or complexes  under  these condi t ions ,  would 
suggest  possible differences in the  associat ion-dissociat ion 
proper t ies  of haemoglobins  f rom di f ferent  species. 

Rdsumd. Des ant icorps  sp6cifiques de l 'h6moglobine de 
la grenouille et  t~ ta rd  de Rana catesbeiana ne p eu v en t  pas 
6tre dist ingu6s lorsque tous  deux sont  pr6sents  dans  la 
mix tu re  de la r6action. Cette  observa t ion  peu t  6tre expli-  
qu6e par  la fo rmat ion  d ' hybr ides  ent re  les hgmoglobines  
adul tes  et  larvaires  de Rana catesbeiana. 

j ]~I~NBASSAT 9 

Department o/ Medicine, Hadassah University Hospital, 
Jerusalem (Israel), 76 May 7974. 

Inhibition by Testosterone of Immune  Reactivity 
Irradiated and Marrow Reconstituted Mice 

I t  is well known t h a t  t e s tos te rone  given to the  chick 
embryo  p reven t s  the  deve lopmen t  of l ympho id  t issues in 
the  bursa  of Fabr ic ius  and inhib i t s  the  an t i body  forma-  
tion1, 2. The presen t  inves t iga t ion  was u n d e r t a k e n  to 
de te rmine  the  effect  of t e s tos te rone  on the  a n t i b o d y  
response  in mammals .  

Materials and methods. Male C3H/He  mice of 8 weeks 
old received 850 t a d  whole  body  ?- i r rad ia t ion  f rom a G~ 
source and were t h e n  in jec ted  i.v. w i th  36 • 10 ~ syngeneic  
bone mar row ceils wi th in  3 h. The animals  were divided 
in to  4 groups.  The 1st group of animals  was no t  t r ea t ed  
wi th  tes tos terone .  :tO mg of t es tos te rone  in 0.2 ml  aquous  
suspension (Enarmon,  Teikokuzoki  Pha rm.  Co., Tokyo;  a 
mix tu re  of isotonic saline, 17f i -hydroxy-andros t -4-en-3-  
one, arabic  gum and thimerosal)  was given s.c. 7 t imes  to  
the  2nd group at  4 h in tervals ;  and to the  3rd group at  
24 h in tervals  f rom the  day  of mar row recons t i tu t ion .  The 
4th group animals  were in jec ted  also 7 t imes  a t  24 h 
in tervals  f rom the  6th day  af ter  mar row recons t i tu t ion .  
The animals  in all groups  received i.v. 2 x 108 sheep red 
blood cells 30 days  af ter  ma r row  recons t i tu t ion  and  were 
sacrificed 5 days  af ter  an t igen  challenge. Assays of 

and of Lymphoid Regeneration in 

haemolys in  were carried out,  employing  mic ro t i t r a t ion  
equipment .  The p laque  forming  cells (PFC) were enumer-  
a ted  according to the  me t h o d  of CUNNING~AM and SzEN- 
B~RG 3. The rose t te  forming  cells (RFC) were calcula ted 
using the  m e t h o d  of HASKILL et al. 4. The sect ions of the  
thymus ,  spleen and mesenter ic  l y m p h  node  were s ta ined 
wi th  m e t h y l  green pyronin .  

Results. The resul ts  are shown in tile Table.  The 
involu t ion  of the  t h y m u s  was s t r ik ing in t es tos te rone-  
t r ea t ed  animals.  The reduc t ion  of the  spleen weight  was 
no t  so remarkable .  The fall of the  P F C  response  was 
par t i cu la r ly  conspicuous in group 3. The haemolys in  
t i t e r  also fell markedly .  The fall of the  RFC response was 
no t  so d rama t i c  as t h a t  of the  P F C  response.  The his to-  

1 R. K. MEYER, M. A. RAo and R. L. ASPINALL, Endocrinology 6g, 
890 (1959). 

2 A. SZENBERG and N. L. WARNER, Nature, Lond. 794, 146 (1962). 
A. J. CUNNINGI~AM and A. SZgNBERG, Immunology td, 599 (1968). 

4 j .  S. HASKILL, B. E. ELLIOT, R. J~ERBEL, M. A. AXELARD and 
D. EIDINGER, J. exp. Med. 135, 1410 (1972). 


