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(0.1 N NH4OH ) butanol)  conta ined  only small  amount s  of 
17-KS (3-6% of the  to ta l  17-KS), and naphthoresorc ine  
posi t ive  mater ia l  (1-8 mg of glucuronic acid equivalents) .  

Af te r  evapora t ion  of the  solvent,  f ract ion one of the  
above  co lumn (eluted wi th  bu tano l  and 2% aqueous  
butanol)  was redissolved in 50 ml  of 0.1 m phospha te  
buffer  (pH 7.0) and 3 t imes  ex t r ac t ed  wi th  ether.  The  
paper  ch romatograph ic  analysis  of the  e ther  ex t rac t  
showed one pronounced  17-KS zone wi th  the  running ra te  
of epiandrosterone,  and several  smal ler  17-KS zones which 
corresponded to  3~-hydroxyet iocholan-11,17-dione,  3e, 
11/~-dihydroxyetiochotan-17-one and  3e, l l ~ - d i h y d r o x y -  
androstan-17-one.  

F r o m  these findings i t  m a y  be concluded t h a t  the 17-KS 
in guinea  pigs are excre ted  in the  ur ine pa r t ly  as sulfuric 
acid esters;  only  a small  po r t i on  appears  in the  urine as 
glucuronic acid conjt igates.  F rac t ion  one of the  chromato-  
graphic  co lumn conta ined  17-KS as ' f ree '  steroids. I t  con- 
sisted main ly  of free epiandrosterone.  We  are ye t  unable  to  
de te rmine  whe the r  these free s teroids  were no t  conjuga ted  
p r imar i ly  or  whe the r  a spontaneous  hydrolysis  of con- 
jugates  had  t aken  place in t he  urine.  17-KS sulphates  m a y  
easily be hydro lyzed  e i ther  by  spontaneous  hydrolysis ,  or  
by  bac ter ia l  influences. I n  order  to cu t  down on these un-  
cer ta in  d is turb ing  processes we collected the  ur ine  under  
bu t ano l  and,  unt i l  p repara t ion  of the  ex t rac t s  began, kep t  
the  specimens in a frozen s ta te  a t  --20 ° C. 
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Zusammenfassung 

I m  H a r n  yon  weibl ichen Meerschweinchen wurde im 
Gegensatz  zu m~innlichen Tieren  Ep iandros te ron  als 
Haup t -17 -Ke tos t e ro id  nachgewiesen.  

Un te r suchungen  fiber die 17-Ketos te ro idkonjuga te  im 
H a r n  yon weibl ichen Meerschweinchen ergaben,  dass ein 
grosser Tell  (30-40%) als freie Steroide nachweisbar  ist. 
40-50o//0 liegen als Schwefels~turekonjugate und 3 -6% 
wahrscheinl ich als Glucuronide  vor.  Bei den konjugier ten  
17-Ketosteroiden hande l t  es sich vornehml ich  um 11-oxy- 
genier te  Steroide. 

Cort icos tero ids  and the Radiat ion  Effect 
in Regenera t ing  Liver  of the Rat 

The  finding t h a t  Cort isone inhibi ted mitosis in regener- 
a t ing  ra t  l iver  ~ p r o m p t e d  the  suggest ion by  Professor 
J .  S. MITCHELL t h a t  pa r t  of the  inh ib i to ry  effect of 
ionising rad ia t ion  on mitosis  in vivo m a y  be due to endo- 
genous cort icosteroids.  

To tes t  this  possibi l i ty  l iver  regenera t ion  rates  in 
adrena tee tomized  ra ts  were  compared  wi th  normal  rats  
a f t e r  whole b o d y  i r radiat ion.  

Method, Male Wis ta r  ra ts  of 180 g were  adrenalec tom-  
ized unde/- e the r  anesthes ia  24 h pr ior  to  i rradiat ion.  
Glucose saline and food g iven  ad libitum. Whole  body 
i r rad ia t ion  was given b y  means  of a 220 kV Max imar  
15 m.D. tube  I i l tered by  1 m m  A1 + 1/2 m m  Cu a t  F. S .D.  
of 1 m. 200 r caused considerable  reduc t ion  of mitosis  ra te  
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in normal  ra t  regenera t ing  liver, h igher  doses adverse ly  
affected the adrena lec tomized  rats .  Norma l  controls  
shielded by  small  lead squares  over  the  p i tu i t a ry  and 
adrenals  were i r radiated under  l ight  N e m b u t a l  anesthe-  
sia to p reven t  stress of res t ra int .  Some adrena lec tomized  
ra ts  were shielded in this way  to p rov ide  s t r ic t  comparison.  
The  size of lead shields was k e p t  to a m i n i m u m  though  
this resul ted in imperfect  shielding in some rats.  

Par t ia l  h e p a t c c t o m y  as descr ibed by  HIGGINS and 
ANDERSON 2 WaS performed under  v e r y  l ight  e ther  anes- 
thesia  1-3 h af ter  i r radiat ion and rats  were sacrif iced af ter  
30 h by  decapi ta t ion.  Slices of l iver  f rom the  larger  
remain ing  lobes were fixed in Susa, 7 ~ paraf f in  sect ions 
cu t  and s ta ined with  haema toxy l in  and eosin. Phases  of 
mi tos is  were recorded and counts  made  of 200 fields which  
ave raged  4000 cells f rom each  l iver  section. Resul t s  are  
expressed as mitoses  per  1000 cells (mitot ic  index) which  
is the  basis for compar i son  in these exper iments .  

Results. Norma l  Wis ta r  ra t s  show mi to t ic  rgtes  of 
40/1000 ceils in regenera t ing  l iver  (CATER, HOLLIES, and 
MEEa), Unpubl i shed  work  on this  s t ra in  of adrenalec tom-  
ized ra ts  show rates  of 60 to  100 mitoses  per  1000 ceils 
a f t e r  par t ia l  hepa t ec tomy .  

So far 60 adrena lee tomized  and 60 normal  ra t s  have  
been used bu t  owing to  t he  par t icuIar ty  a rduous  condi-  
t ions on ly  24 adrena lec tomized  ra ts  have  survived.  These 
were in fair condi t ion  and showed a m e a n  mi to t i c  ra te  
of 61/1000 cells ( ~  19 S.D.) .  

Of the normal  rats  54 su rv ived  and owing to  the  diffi- 
cult ies of shielding can be d iv ided  into two groups:  

(1)--36 rats  showing radia t ion  inhibi t ion had low mi to -  
sis ra tes  ave rag ing  14/1000 cells (:t: 4 S.D.).  

( 2 ) - 1 8  rats  showing high mitosis  ra tes  comparab le  
wi th  and hav ing  similar  his tological  appearances  to 
adrena lee tomized  rats.  Much of the  ear ly  shielding has 
been inadequa t e  and e i ther  p i tu i t a ry  or  adrenals  or  bo th  
were affected by  rad ia t ion  causing reduced cor t icos teroid  
output .  

Histological Appearances. I r r ad ia t ed  normal  rats  show 
a sharp c rena ted  out l ine to a pykno t i c  nucleus and va-  
cuola t ion  of cytoplasm.  These changes,  wi th  the  pauc i ty  
of mitoses,  are similar  to those no ted  in earlier work  on 
un i r rad ia ted  cort isone t rea ted  rats.  

I r r ad ia t ed  adrena lec tomized  ra t  l iver  shows degenera t -  
ing, f ragmented ,  and abe r ran t  nuclear  forms wi th  f requen t  
bridges be tween  daugh te r  cells in telophase.  Ear l ie r  
phases show v e r y  large 'b lown ou t '  forms with  occasional  
sh runk  h igh ly  pykno t i c  metaphases .  The  co-exis tence of 
rad ia t ion  damage  and d is in tegra t ing  cells which stil l  show 
m a n y  mi tos ing  forms, is most  str iking.  

Discussion. 200 r causes considerable  reduct ion  of mi- 
toses in normal  ra t  regenera t ing  l iver  and modera t e  to 
severe  nuclear  damage  in bo th  normal  and adrenal-  
ec tomized  rats.  In  spite of this damage  a h igh  mi to t ic  
ra te  is seen in l iver  from adrena lec tomized  rats,  mitoses 
of ten proceeding in nuclei obvious ly  breaking  down. 

The  fact  t h a t  mitosis ra te  can be separa ted  f rom nu- 
c lear  degenera t ion  indicates  t h a t  the  usual ly  accepted 
rad ia t ion  effect  comprises  a t  least  two  factors.  

(1)--A hormona l  inhibi t ion  med ia ted  by  cort icosteroids  
as pa r t  of the  general  stress response. 

( 2 ) - B r e a k d o w n  of nuclei due to a block in nucleic  acid  
synthesis  w i th  accumula t ion  of deoxyr ibonucteot ides  as 
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shown  b y  ORD and  STOCKEN 4, One of t h e  l a rges t  a c c u m u -  
la t ions  is of d e o x y c y t i d i n e  w h i c h  ha s  b e e n  s h o w n  b y  
PARIZEK et al. ~ to  be  exc re ted  in u r ine  in d i r ec t  p r o p o r t i o n  
to  ionizing rad ia t ion .  

The  h o r m o n a l  i n h i b i t i o n  of mi tos is  b y  cor t i cos te ro ids  
20 

as a resu l t  of r a d i a t i o n  sugges t s  t h a t  cor t i sone  is a n  ad -  
j u v a n t  to  r a d i a t i o n  in  a c h i e v i n g  t h i s  end  a n d  exogenous  10 
cor t i sone  used  in t r e a t i n g  t he  r a d i a t i o n  s y n d r o m e  shou ld  
n o t  d e t r a c t  f r om t h e  t h e r a p e u t i c  r a d i a t i o n  effect .  0 

A n i m a l s  w i t h  i n t a c t  a d r e n a l s  t o l e r a t e  r a d i a t i o n  b e t t e r  t 
as s h o w n  b y  m a n y  workers ,  b u t  t h i s  s t u d y  d e m o n s t r a t e s  I -lO 
cons ide r ab ly  less nuc l ea r  d e g e n e r a t i o n  in  n o r m a l  r a t s  t h a n  
in t hose  ad rena l ec tomised .  ~ -20 

My thanks are due to Professor J. S. MITCHELL for advice and ~ -30 
encouragement, to Dr. K. A. MUNnAY, University of Southampton 
for facilities and kindness during part of this work and to Miss ~ -~0 
N. BURR for histological assistance, ~a 

j .  T.  HEMINGWAY '~ ~, -50 

Department o/ Radiotherapeutics, University o/ Cam- ~ -Ga 
bridge, December 1, 1958. 

~-7o 
Rdsumd ~ -8g 

L a  vi tesse  de r6gfin6rat ion du  foie chez  le r a t  sur r6na l -  
ectomis6,  irradi6,  es t  compar6e  ~t celle du  r a t  n o r m a l  rad io-  
p ro t fg~ ,  af in  d ' 6 t a h l i r  si 1~ s f c r6 t ion  des co r t i cos t f ro ides  
es t  en  p a r t i e  r e sponsab le  de l ' i n h i b i t i o n  de la mi tose  pro- 
voqu6e  p a r  la  r ad ia t ion .  

Dans  le p r6sen t  t r ava i l ,  il es t  d 6 m o n t r 6  que  le r a t  sur-  
r6na lec tomis6  poss~de une  v i tesse  de mi tose  q u a t r e  lois 
sup~r ieure  ~ celle du  r a t  no rma l ,  e t  ceci malgr~  d ' i m p o r -  
t a n t s  d6g&ts caus6s  au  foie p a r  la  r ad i a t i on .  

4 M. G. ORn and L. A. STOCKEN, Biochem. biophys. Acta 29, 201 
0958). 
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A C o n t r i b u t i o n  o n  t h e  M o d e  o f  A c t i o n  of  D 860 

F r o m  m a n y  r epo r t s  i t  is k n o w n  t h a t  h y p o g l y c a e m i c  
su lphony lu rea  c o m p o u n d s  are  inef fec t ive  in d e p a n c r e a t i s e d  
dogs, rabbi t s ,  ra ts ;  t o a d s  a n d  m a n ,  in  r a b b i t s  a n d  r a t s  
w i th  severe a l loxan  d iabe tes ,  a n d  in some severe  forms of 
h u m a n  d iabe tes .  These  fac t s  s u p p o r t  t h e  h y p o t h e s i s  w h i c h  
expla ins  t he  m e c h a n i s m  of t he  ac t ion  of h y p o g l y c a e m i c  
s u l p h o n y l u r e a  c o m p o u n d s  in t e r m s  of s t i m u l a t i n g  the  b e t a  
cells of the  islets of LANGERHANS to  increased  insu l in  
secre t ion ~, or  b y  e n h a n c i n g  t he  ac t ion  of e n d o g e n o u s  in-  
sul in ~,~. Diabe t i c  an imals ,  however ,  do  differ  f rom n o r m a l  
no t  on ly  in t he  absence  of be ta-ce l l s  b u t  also in a h igh  
glucose c o n c e n t r a t i o n  in  t h e  ex t r ace l l u l a r  f luid.  I n  t h e  
p re sen t  p a p e r  we are  the re fo re  conce rned  w i t h  t he  p rob -  
lem of t he  effect  of D 860 on  i n t a c t  r a t s  w i t h  h y p e r -  
g lycaemia  induced  b y  t h e  exogenous  a d m i n i s t r a t i o n  of 
glucose. 

Method. VV'istar r a t s  were  used, we igh ing  200-300 g a n d  
fed on  a s t a n d a r d  diet ,  c o n t a i n i n g  25% pro te in ,  20% fa t  
a n d  55% c a r b o h y d r a t e  (LARsE~'S diet) .  H y p e r g l y -  
caemia  was induced  b y  s u b c u t a n e o u s  a d m i n i s t r a t i o n  of 

1 A. LOUBATI~;RES, Ann. N, Y. Acad, Sci. 71, 192 (1957). 
2 F. FRAWLEY, S. SEGAL~ M, M. CAMUS, and J, FOLEY, Ann. N. Y. 
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3 A. MIRSKY, G. PERISUTI, and R. JiNxs, Proc. Soe. exp. Biol. 

Med. 91,475 (195fi). 

glucose, 180 mg/100  g of b o d y  weight ,  spaced  ove r  20 m i n  
in te rva l s ,  in  t h r e e  f r ac t iona l  doses. I n  o rder  to  a v o i d  a n y  
u n co n t ro l l ab l e  loss of glucose in  t h e  ur ine ,  t h e  u re te r s  were 
l iga ted  b i l a t e r a l l y  u n d e r  e t h e r  a n a e s t h e s i a  1 h before  t h e  

i i .............. i i , ,  i • 
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Fig. 1.-Percentage changes in blood sugar levels in rats with a 
normal initial value (104.7 ± 5'26* and 103.4 4- 4-86 mg% after a 
single intravenous injection of 0.2 u. insulin, and an intravenous 
injection of 150 mg D 860/per kg body weight). * S.E. of mean. 

e x p e r i m e n t  was  begun .  2 h a f t e r  t h e  l a s t  dose of glucose,  
phys io log ica l  sa l ine  was  g iven  i n t r a v e n o u s l y  to  t h e  f i rs t  
g roup  (5 an ima l s ) ;  t o  t h e  second  g roup  (5 an imals )  0-2 
u. in su l in  (Novo) /kg  of  b o d y  w e i g h t  was  g iven ;  to  t h e  
t h i r d  g roup  (6 an imals )  we a d m i n i s t e r e d  150 m g / k g  D 860 
(Artosin,  Boehr inger )  as sod ium sa l t  i n t r a v e n o u s l y .  To  t h e  
f o u r t h  g roup  (6 a n i m a l s ) ,  insu l in  0-2 u. p lus  D 860 150 
m g / k g  of b o d y  w e i g h t  was  g iven  i n t r a v e n o u s l y .  I n  two  
groups  of i n t a c t  r a t s  (7 an imals )  w i t h  a n o r m a l  b lood  
sugar  level, we t e s t ed  t h e  h y p o g l y c a e m i c  ac t ion  of insu l in  
a n d  D 860. Blood  suga r  was  e s t i m a t e d  b y  a mod i f i ca t i on  
of t h e  Somogyi -Nelson  m e t h o d  (FRANK a n d  KIRBERGER, 
1950). 

Results. Changes  of t h e  b lood sugar  level  a f t e r  a single 
dose of 0-2 u. i n su l in /kg  b o d y  w e i g h t  or 150 m g  D 860 are 
s h o w n  in  F igu re  1. T h e  m a x i m u m  decrease  in  t h e  b lood 
suga r  level  a f t e r  insu l in  occurs  a f t e r  ha l f  a n  hour ,  a n d  sub-  
s e q u e n t l y  i t  r e t u r n s  s lowly to  t h e  in i t ia l  level.  Af te r  t h e  
a d m i n i s t r a t i o n  of D 860 t h e  b lood  suga r  level  decreases  b y  
4 5 % ;  t h e  fall  in  b lood  suga r  sti l l  be ing  m a r k e d  a n d  
s t a t i s t i ca l ly  s ign i f i can t  (P  < 0.001) 5 h a f t e r  in jec t ion .  
F igu re  2 shows  t h e  p e r c e n t a g e  ch an g es  in  b lood  suga r  
levels  a f t e r  a glucose load.  I n  r a t s  w i t h  a n o r m a l  b lood  
sugar ,  D 860 caused  a d r o p  in b lood  s u g a r  of 45%.  I n  
a n i m a l s  w i t h  a n  in i t ia l  h y p e r g l y c a e m i a ,  t h e  s a m e  dose 
leads  to  a s lowing  d o w n  of t h e  r a t e  of r e t u r n  to  n o r m a l  
va lues .  5 h a f t e r  t h e  a d m i n i s t r a t i o n  of D 860, t h e  b lood  
s u g a r  level  is 108% h i g h e r  t h a n  in  t h e  g r o u p  a f t e r  i n j ec t ion  
of phys io log ica l  sal ine.  A single dose of 0-2 u.  in su l in /kg  
b o d y  we{ght in  a n i m a l s  w i t h  a n  in i t ia l  h y p e r g l y c a e m i a  
leads  to  a more  r ap id  r e t u r n  of t h e  Mood s u g a r  to  no rma l .  
T h e  changes  of t h e  b lood suga r  level  a f t e r  t h e  admin i s -  
t r a t i o n  of insu l in  a n d  D 860 is p rac t i ca l ly  t h e  same  as 
a f t e r  insu l in  alone.  T h e  b lood  suga r  va lue  a f t e r  5 h in  the  
D 860 g roup  was  357 ± 61.1 m g %  ; in  t h e  con t ro l  g roup  
164 ~ 36.8 r a g % ;  in  t h e  insu l in  g roup  127 ± 21.6 m g % ;  


