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a t  24~ for  3 h in  2 %  (w/v) IZMnO 4 and  2 %  (w/v) OsO4 
in verol la l  a ce t a t e  buffer ,  p H  6.1, b a t h e d  in 0.5 % (w/v) 
u r a n y l  a ce t a t e  in  ve rona l  ace t a t e  buf fe r  for 2 h, and  em- 
b e d d e d  in Ara ld i t e  (Cargille Labo ra to r i e s  Inc., New York).  
Sect ions  were cu t  w i t h  a d i a m o n d  knife  on  a P o r t e r - B l u m  
m i c r o t o m e  a n d  v iewed in a n  RCA e lec t ron  microscope 
(EMU 3G) w i t h  a n  acce le ra t ing  vo l tage  of 50 kV. 

F igure  1 p ic tu res  a spore  cu t  long i tud ina l ly .  Ins ide  t h e  
complex  i n t e g u m e n t ,  cons i s t ing  of the  sporang ia l  wal l  
t o g e t h e r  w i t h  the  var ious  spore coats,  a n d  t he  cor t ica l  
region,  is t h e  core, b o u n d e d  b y  a ' u n i t '  m e m b r a n e  2 t h a t  
lies j u s t  b e n e a t h  t he  i nne r  l ayer  of t he  cor tex.  This  spore  
core m e m b r a n e  encloses a c y t o p l a s m  t h a t  is packed  w i t h  
e lec t ron-dense  par t ic les  co r re spond ing  in size to  r ibo-  
somes.  Cen t r a l ly  loca ted  is a large, ovoid  b o d y  t h a t  p rob -  
ab ly  c o n t a i n s  the  nuc leoplasm.  J u s t  ins ide t he  spore  core 
m e m b r a n e ,  a n d  cours ing  i n t e r r u p t e d l y  b u t  r ough ly  pa ra l -  
lel to  it, is a n o t h e r  m e m b r a n e - l i k e  s t r u c t u r e  t he  d imen-  
sions of wh ich  are s imi la r  to  those  of t he  spore  core 
m e m b r a n e ;  b u t  c o n t i n u i t y  of t he  two has  n o t  been  ob-  
served.  Deta i l s  of t h i s  s t r u c t u r e  are s h o w n  in  F igures  2 
a n d  3. 

The  f u n c t i o n a l  s ignif icance of t h i s  i n t r a c y t o p l a s m i c  
m e m b r a n e  is no t  known.  These  m e m b r a n o u s  wisps m a y  be  

Fig. 2. Enlargement of a 
small section ot the spore 
shown in Figure 1. Note the 
prominent segments of in- 
tracytoplasnfie membrane. 
x 170,000. 

Fig. 3. Section of another 
spore showing the intracyto- 
plasmic membrane. 
x 187,500. 

i n t r a s p o ra l  mesosomes,  t h e  ex is tence  of wh ich  FITZ- 
JAMES 3 has  s h o w n  in deve lop ing  forespores of Clostridium 
pectinovorum b u t  which,  to  our  knowledge,  h a v e  n o t  been  
obse rved  before  in t h e  core of m a t u r e  spores of Bacillus 
species. 

Zusammen[assung. Die Arbe i t  b r i n g t  den  e lek t ronen-  
mik roskop i schen  Beweis  ftir das  Bes t ehen  e ther  in t r a -  
c y t o p l a s m a t i s c h e n  M e m b r a n  im C y t o p l a s m a  ( 'core')  der  
Sporen  v o n  Bacillus popiUiae. 
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F a t e  of  I n j e c t e d  4 - I o d o a n t i p y r i n e  (131I) in R a t s  

R a d i o i o d i n a t e d  4 - iodoan t ipy r ine  (RIAP)  was used 
ear ly  in  t h e  s t u d y  of t he  t o t a l  b o d y  w a t e r  c o m p a r t m e n t  1,2. 
R e c e n t l y  a n  increas ing  use for i t  was found  in t he  meas-  
u r e m e n t  of cerebra l  ~,4 a n d  c o r o n a r y  b lood flow 5,6. 
STRAUB et  al. ~ h a v e  po in t ed  o u t  t h a t  tile R I A P  is con- 
v e r t e d  r a p i d l y  to a more  diffusible  c o m p o u n d :  radio-  
iodide, w h i c h  i nva l ida t e s  t h e  use of th i s  c o m p o u n d  in  
t o t a l  b o d y  w a t e r  s tudies .  

I n  th i s  e x p e r i m e n t a l  work, t h e  d i s t r i b u t i o n  a n d  e l imina-  
t i on  of the  R I A P  a n d  i ts  me tabo l i c  p r o d u c t s  h a v e  b e e n  
s tud ied  on  t h e  wider  basis  of t o t a l  b o d y  d i s t r i b u t i o n  a n d  
more  t ime  of o b s e rv a t i o n .  

Material and methods. 7 groups  of 5 adu l t  W i s t a r  r a t s  
each  were in jec ted  t h r o u g h  t h e  ta i l  ve in  w i t h  300 #C of 
R I A P  (specific a c t i v i t y  480 #C/rag  a n d  r ad iochemica l  
p u r i t y  99.0%).  T h e n  t h e  an i ma l s  were  sacr i f iced a t  dif- 
f e ren t  in te rva l s .  T h e  r a d i o a c t i v i t y  of t h e  d i f fe rent  organs  
was m e a s u r e d  w i t h  a sc in t i l l a t ion  co u n t e r  an d  t h e  values,  
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Table I. Radioactivity found in the different organs as % of the injected dose 

30 min 1 h 2 h 4 h 6 h 24 h 48 h 

Brain 0.08 4- 0,06 �9 0.06 4- 0.02 0.02 • 0.02 0.02 • 0.03 0.04 4- 0.02 - -  - -  
Heart 0.23 4-4- 0.05 0.18 4- 0.06 0.08 4- 0.06 0.17 4- 0.07 0.22 i 0.06 0.03 4- 0.05 0.04 4- 0.03 
Intestine 9.91 4- 5.16 13.89 4- 5.40 19.03 :J= 3.82 10.64 4- 5,40 17.14 4- 0.26 4.93 4- 1.13 3.29 4- 0,95 
Kidney 0.79 4- 0.36 0.71 4- 0.23 0.68 -t- 0.19 0.52 4- 0.24 0.74 4- 0.15 0.22 4- 0.12 0.11 4- 0.04 
Liver 4.07 4- 0.95 3.60 4- 0.26 3.06 4- 0.79 2.51 4- 0.96 3,60 ~= 0.73 1.05 4- 0.52 0,73 4- 0.30 
Lung 0.45 4- 0.23 0.44 4- 0.16 0.44 4- 0.24 0.34 4- 0.13 0.56 4- 0.10 0.12 4- 0.06 0.09 ~= 0.07 
Spleen 0.15 4- 0.08 0.91 4- 0.02 0.08 ~_ 0.04 0.11 4- 0.07 0.21 4- 0,13 - -  0.02 4- 0.02 
Stomach 6.22 4- 4.30 8.72 4- 3.20 17.77 4- 7.55 9.22 4- 3.14 15.62 4- 2.86 3.33 4- 2.30 3.21 -- 0.96 
Thyroid 0.11 4- 0.07 0.17 4- 0.09 0.22 4- 0.59 0.43 4- 0.06 0.22 4- 0.05 2.59 4- 0.09 1.87 4- 0.77 

EStandard deviation (group of five aninlals). 

Table IL Whole body counting at different intervals 

Time e/p/m % of 
injected dose 

0 31,058a-I - 4250 b 100.0 
1 h 21,977 i 2910 70.7 
3 h 20,325 4- 2520 65.4 

48 h 2,937 i 506 9.5 
3 days 2,376 • 475 8.5 
6 days 885 ~2 146 4.8 

16 days 252 4- 71 3.3 

a These values have been corrected by decay, b Standard deviation. 

e x p r e s s e d  as  % of  t he  in jec ted  dose a n d  co r r ec t ed  b y  
decay,  are  s h o w n  in Tab le  I. Af t e r  th is ,  t he  o r g a n s  were  
h o m o g e n i z e d  in sal ine,  f i l tered t h r o u g h  f i l ter  p a p e r  a n d  
t h e  f i l t ra te  c h r o m a t o g r a p h e d  on  W h a t m a n  p a p e r  3 MM, 
us ing  as  s o l v e n t  c h l o r o f o r m  : e t h a n o l :  w a t e r  (45 : 45 : 10). 
T h e  a s c e n d i n g  c h r o m a t o g r a p h y  w i t h  t h i s  so l ven t  g ives  
t h e  fo l lowing  R f  va l ue s :  R I A P  1.0 a n d  iodide 0.85. 
Pos t e r io r ly ,  t h e  r a d i o a c t i v i t y  w a s  loca ted  on  t h e  c h r o m a -  
t o g r a m  b y  a u t o r a d i o g r a p h y  a n d  ident i f ied  b y  c o m p a r i s o n  
w i t h  the  Rf  of s t a n d a r d  ac t iv i t i es  c h r o m a t o g r a p h i e d  on  
t h e  s a m e  pape r .  

W h o l e  b o d y  c o u n t i n g  w a s  p e r f o r m e d  on  a g r o u p  of  5 
a n i m a l s  t h r o u g h o u t  t he  who le  e x p e r i m e n t  a t  d i f fe ren t  
in te rva l s .  Tab l e  I I  g ives  t h e  va l ue s  of t h o s e  d e t e r m i n a -  
t ions .  

Results.  Bra in ,  hea r t ,  k idney ,  l iver,  lung,  a n d  sp leen  
s h o w e d  a s imi l a r  p a t t e r n  of u p t a k e  : t he  a c t i v i t y  d r o p s  to 
a m i n i m u m  b e t w e e n  2 a n d  4 h a n d  t h e n  inc reases  aga in  
to  r each  a m a x i m u m  a t  6 h. Af t e r  th i s  p o i n t  i t  dec reases  
w i t h  a lower  ra te .  T h e  c h r o m a t o g r a p h i c  ana l y s i s  of t he se  
o r g a n s  ind ica t e s  t h a t  t h e  R I A P  is on ly  p r e s e n t  d u r i n g  t h e  
f i r s t  h o u r  w i t h  t h e  e x c e p t i o n  of k i d n e y  a n d  l iver  in w h i c h  
no  R I A P  h a s  b e e n  de t ec t ed  a t  t h e  t i m e  a s s a y e d  (1 h, 
3 h, 6 h, a n d  24 h).  

I n t e s t i n e  a n d  s t o m a c h  s h o w  a s imi la r  b e h a v i o u r ,  b u t  
i t  differs  f r o m  t h a t  of t he  o t h e r  o rgans .  I n  t h i s  case, t he  
a c t i v i t y  inc reases  s h a r p l y  to  r e a c h  a f i r s t  m a x i m u m  a f t e r  
2 h, fo l lowed b y  a cons ide rab le  decrease  a n d  a n e w  m a x i -  
m u m  a f t e r  6 h. T h e  c h r o m a t o g r a m s  of  i n t e s t i n e  a n d  
s t o m a c h  p r e s e n t  on ly  R I A P  a n d  iodide a f t e r  t he  f i r s t  
hou r .  A t  t he  t h i r d  hou r ,  iodide  a n d  R I A P  a n d  a n e w  
c o m p o u n d  (one c o m p o u n d  w i t h  Rf  = 0.91 in t h e  s t o m a c h  
a n d  a n o t h e r  c o m p o u n d  w i t h  R I  = 0.57 in t h e  in tes t ine )  
h a v e  also b e e n  de tec ted .  T h e s e  r a d i o a c t i v e  m e t a b o l i t e s  
d i s a p p e a r  a f t e r  24 h. Also, a f t e r  3 h no  R I A P  is p r e se n t .  
Tab l e  I I I  s h o w s  t h e  p e r c e n t a g e  of  t h e  v a r i o u s  c o m p o u n d s  

Table III .  Chromatographic analysis of tt~e different organ homo 
genates 

l h  3h 6h  24h 

I I - - 
RIAP 

I I I I 
RIAP 

I (30%) I (32%) I I 
RIAP (70%) RIAP (26%) Y 

Y (42%) 

I I I I 

I I I I 

I I I I 
RIAP 

I - 
RIAP 

I (18%) I (75%) I 
RIAP (82%) RIAP (4%) X I 

X (21%) 

Brain 

Heart 

Intestine 

Kidney 

Liver 

Lung 

Spleen 

Stomach 

Thyroid a I I I I 

I = iodide. RIAP = radioiodinated 4-iodoantipyrine. X = metabo- 
lite with Rf = 0.91. Y - metabolite with Rf = 0.57. ~ In all the 
chromatograms a part of the activity remains at the origin (thyro- 
nines synthesis). 

p r e s e n t  in t h e  s t o m a c h  a n d  in t e s t i ne  c h r o m a t o g r a m s  a f t e r  
1 h a n d  a f t e r  3 h. 

F r o m  t h e  who le  b o d y  c o u n t i n g ,  t h e  b io logica l  ha l f  life 
h a s  b e e n  g r a p h i c a l l y  d e t e r m i n e d  as 4.5 h. T h e  c o r r e s p o n d -  
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ing va lues  are s h o w n  in  Tab le  I I .  The  s t e a d y  res idua l  
a c t i v i t y  obse rved  a f te r  24 h is m a i n l y  i nco r po r a t ed  in 
the  t hy ro id .  For  ins tance ,  a f t e r  16 days,  ou t  of 3 .3% in 
t he  whole  b o d y  2.8% is in  thy ro id .  

Discussion. The  e x p e r i m e n t a l  f ind ing  t h a t  the  R I A P  is 
p r e s en t  on ly  in t he  ga s t r o i n t e s t i na l  t r a c t  a f te r  t he  f i rs t  
hour ,  ind ica tes  t h a t  t h i s  label led c o m p o u n d  is r ap id ly  
c leared ou t  f rom the  b lood  c i rcula t ion  a n d  de iod ina ted  
i m m e d i a t e l y  i t  reaches  t he  l iver  (absence of R I A P  in 
l iver  a t  1 h). A n  in t e r e s t i ng  and  u n e x p e c t e d  resu l t  is t he  
presence  of R I A P  in t he  g a s t r o i n t e s t i n a l  t r a c t :  7% of the  
in jec ted  dose in t h e  s t o m a c h  a n d  9.8% in the  in te s t ine  1 h 
a f te r  t he  in ject ion.  P r e s u m a b l y ,  th i s  R I A P  is excre ted  b y  
t he  gas t r ic  mucosa  in t he  same  way  as t he  iodide. La te r ,  
t h i s  R I A P  is also r e a b s o r b e d  t h r o u g h  t he  in te s t ine  g iv ing 
i ts  de iod ina t ion  in  t h e  l iver  as well as a n y  possible iodide 
r eabso rp t ion ,  the  genera l  rise in  r a d i o a c t i v i t y  be ing  ob- 
se rved  in t he  second p e a k  a t  6 h. I t  is s ign i f ican t  t h a t  no 
R I A P  is p r e sen t  in  the  g a s t r o i n t e s t i n a l  t r a c t  a t  t h i s  t ime  
(Table  I I I ) .  A s imi la r  two peaks  excre t ion  p a t t e r n  ha s  
been  obse rved  s for o the r  r ad io iod ina t ed  organic  com- 
pounds .  

These  resu l t s  co r robo ra t e  the  obse rva t ions  of STRAUB 
et  al. 7 t h a t  R I A P  is r ap i d l y  me tabo l i zed  to  iodide and  
also va l i da t e  t h e i r  sugges t ion  of i t s  possible  use as a 
t agged  a g e n t  for t he  hepa t i c  func t ion  t e s t  because  i ts  de- 

i od ina t ion  process  is pe r fo rmed  a lmos t  exclus ively  b y  t he  
liver.  

Rdsumd. Nous  avons  6tudi6 l ' a b s o r p t i o n  e t  l ' excr6 t ion  
de l ' a n t i p y r i n e  radio- iod6e inject~e p a r  vole i n t r ave ineuse  
chez le Rat .  L ' a c t i v i t 6  incorpor6e p a r  les di f f6rents  or- 
ganes  pr6sen te  d e u x  s o m m e t s  en  fonc t ion  du  temps .  Cet te  
courbe  est  sp6c ia lement  s igni f ica t ive  dans  le cas du  t r a c t u s  
gas t ro in tes t ina l .  Les ana lyses  c h r o m a t o g r a p h i q u e s  des 
h o m o g 6 n a t s  d ' o rganes  m o n t r e n t  une  absence  comple te  
d ' a n t i p y r i n e  radio- iod6e au  b o u t  de 2 h. Nous  n ' e n  avons  
pas  t r o u v 6  d a n s  le foie, mSme apr~s  1 h. Le foie semble  
responsab le  de la des iodat ion .  L a  vie m o y e n n e  biologique 
pou r  le corps  en t i e r  est  de 4,5 h. 
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Effect of Nitr ic  Oxide  and H y d r o g e n  Sulphide  
on Radiat ion  Sens i t iv i ty  of Spores  of Bacillus 

megaterium in S u s p e n s i o n  

The  e n h a n c e m e n t  of r a d i a t i o n  sens i t i v i ty  b y  n i t r i c  
oxide  (NO) was f i rs t  shown  b y  HOWARD-FLANDERS 1. I t  
was l a t e r  shown  in th i s  l a b o r a t o r y  (DALE, DAVIES, a n d  
RUSSELL 2, and  RUSSELL a n d  DAVIES 3) t h a t  t he  increase  
in sens i t i v i ty  of E. coli and  S./lexneri r eached  a m a x i m u m  
a t  10 % NO a n d  t h e n  fell as t he  c o n c e n t r a t i o n  of NO was 
ra ised  fur ther .  P r e - t r e a t m e n t  w i th  NO before  i r r ad i a t i on  
in N 2 also increased  t he  s ens i t i v i t y  re la t ive  to t h a t  of un-  
t r e a t e d  organisms.  

I n  c o n t r a s t  to  this ,  POWERS, WEBS, a n d  KALETA 4 
d e m o n s t r a t e d  t h a t ,  r e la t ive  to i r r ad i a t i on  in N2, NO pro-  
t ec t ed  dr ied  spores  of B. megaterium, b o t h  w h e n  NO was 
p r e sen t  du r ing  i r r a d i a t i o n  or was added  af te rwards ,  be-  
fore exposure  to  oxygen.  POWERS a n d  KALETA 5 also 
showed  t h a t  HaS p r o t e c t e d  dr ied spores of B. megaterium, 
w h e n  p r e sen t  d u r i n g  i r r ad i a t i on  or added  af te rwards .  

I t  was  the re fore  decided to exam i ne  the  effect of NO 
and  H~S on t he  r a d i a t i o n  sens i t i v i ty  of we t  spores in  buf-  
fered suspens ion  ( the v i ab i l i t y  of a suspens ion  was n o t  
a f fec ted  b y  t he  gases themselves) .  The  F igure  shows t he  
in f luence  of d i f fe ren t  gases on  r a d i a t i o n  sens i t iv i ty ,  de- 
f ined as t h e  rec iprocal  of t he  dose (D1) g iv ing 1% surv iva l .  
This  is a measure  of t he  change  in b o t h  t he  shou lde r  a n d  
slope of t he  su rv iva l  curve .  T he  va lues  in N 2 and  NO (at 
0.5 % a n d  100% level) are based  on  six obse rva t ions .  

As can  be  seen f rom the  F igure  t he re  is a s l ight  sensi- 
t i z a t i on  b y  NO w h e n  p r e s en t  d u r i n g  i r r ad i a t i on  a t  a con- 
c e n t r a t i o n  of 0.5 % NO in N2, whereas  above  t h a t  concen-  
t r a t i o n  t he  sens i t i v i ty  of B. megaterium spores  falls, be ing  
below t h a t  in  N ,  w h e n  100 % NO is used. The  dif ference 
b e t w e e n  t he  va lues  of 1/D 1 in  N 2 (1.485 -4- 0.024) a n d  
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22 F ~ Irradiation in Nzatter 16h pretreatrnent w~th NO Ai~,- 
2.] ~ o Irradiation in HzS 
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Radiation sensitivity of a suspension of spores of B. megaterium as a 
function of gas atmosphere. Abscissa: composition of gas atmosphere. 

Ordinate: radiation sensitivity, reciprocal of Dl%. 
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