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zu entkr~iften. Dabe i  w u r d e n  die in F rage  k o m m e n d e n  
St6rs tof fe  d i rek t  m i t  D I P  t i t r ie r t ,  was  in der  L i t e r a t u r  
b i she r  n o c h  n i ch t  besch r i eben  wurde .  D a  R e d u k t o n  bei  
r a s c h e m  Arb e i t en  n i c h t  m i t e r f a s s t  wird 8 u n d e s  ausser -  
d e m  im H a n d e l  s chwer  zug/ tngl ich  ist ,  wu rde  da r a u I  
ve rz ich te t ,  es in die U n t e r s u c h u n g e n  a u f z u n e h m e n .  Die 
oben  g e n a n n t e n  S u b s t a n z e n  w u r d e n  in re ine r  F o r m  (ge- 
16st in HPO3) bzw. als Zusa t z  z u m  P f l a n z e n e x t r a k t  (PE) 
gegen  D I P  t i t r ier t .  

Un se r e  E rgebn i s se  bes t / i t igen  noch  e i n m a l  e indeu t ig  
die Spezifi t / i t  der  Me thode  (Tabelle).  E s  m u s s  a l le rd ings  
wiederho l t  werden ,  dass  diese U n t e r s u c h u n g e n  n u r  a n  
P r o b e n  au s  f r i s chem P f l a n z e n m a t e r i a l  du rchge f i i h r t  wor-  
den  s ind  u n d  die Me thode  a u c h  n u r  dafi ir  gilt. Fi ir  ande re  
F~ille, z u m  Beispiel  B e s t i m m u n g  yon  AS  im  P f l anzen -  
m a t e r i a l  aus  K o n s e r v e n  oder  in g e k o c h t e n  P r o b e n  usw. ,  
in den en  wei tere  r eduz ie rende  Stoffe in grOsseren Menge n  
a u f t r e t e n  k 6 n n en ,  mi i ss te  die Spezif i t~t  g e s o n d e r t  gepri i f t  
we rden  9,10. 

Summary. T h e  fol lowing subs t ances ,  w h i c h  occur  
n a t u r a l l y  in p lan t s ,  do no t  in te r fe re  w i t h  t he  t i t r a t i o n  of 

ascorbic  acid w i t h  2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  (D IP ) :  
r educed  g l u t a t h i o n e ,  cys te in ,  pyrogal lole ,  b r e nz c a t e c h in ,  
h y d r o c h i n o n e ,  t a n n i n ,  g lucose a nd  f ruc tose .  Th i s  is also 
t r ue  for t he  t i t r a t i o n  w i th  D I P  of h i g h  unpbys io log i ca l  
c o n c e n t r a t i o n s  of t he se  s u b s t a n c e s  d i sso lved  in  HPO~ 
solut ion.  
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A N e w  Method  for A s s a y  of R a d i o a c t i v e  D i m e t h y l  
Sul fox ide  and i ts  Metabo l i t e ,  D i m e t h y l  Sul fone  

Table I. Precision and accuracy of deternfination of DMSO and 
DMSOa 

COTTON an d  FRANCIS 1 m a d e  an  ex t ens ive  s t u d y  of DMSO 
m e t a l  complexes  of d i m e t h y l  su l foxide  (DMSO). "With added, 
SnC14 a wh i t e  insoluble  c o m p l e x  is f o rmed  h a v i n g  t he  #g 
compos i t i on  2 D M S O .  SnC14. However ,  LINDQVIST 2 ob- 
se rved  no complex  f o r m a t i o n  be tween  SnC14 and  d i m e t h y l  100 
sul fone  (DMSO2) , and  we h a v e  conf i rmed  th i s  obse rva -  75 
t ion.  Since DMSO 2 is a me tabo l i t e  of DMSO in m a n  a nd  50 
a n i m a l s  a-5, it  occurred  to us t h a t  t h i s  difference in be- 25 
hav i o r  of DMSO a n d  DMSO 2 t o w a r d  SnC14 m i g h t  be use-  
ful as a m e a n s  of e s t i m a t i n g  each  s u b s t a n c e  in m i x t u r e s  
of the  two. A l t h o u g h  rad ioac t ive  DMSO a n d  D M S O  2 m a y  
be s e p a r a t e d  and  e s t i m a t e d  by  pape r  or t h i n - l a y e r  chro-  
m a t o g r a p h y  4,6, the  m e t h o d  descr ibed here  s eemed  to 
possess  an  i n h e ren t  a d v a n t a g e  in i ts  s impl ic i ty .  Separa-  
t ion  a n d  e s t i m a t i o n  of the  c o m p o u n d s  b y  gas  c h r o m a -  
t o g r a p h y  (HUCKER, MILLER, a n d  HOCHBERG ~) is less Added 
s imple  b u t  essent ia l  for ana lys i s  of non - r ad ioac t ive  DMSO, 
samples .  /~g 

Th e  p rocedure  used  was  as follows. Al iquo t s  of s t a n d -  
ard so lu t ions  of D M S O  and  DMSO 2 in ch lo ro fo rm were 

100 
d i lu ted  to  7 ml  w i th  ch lo roform in 15-ml g lass - s toppered  50 
cen t r i fuge  tubes .  R a d i o a c t i v i t y  in a 0.2 ml  a l iquo t  was  25 
m e a s u r e d  b y  l iquid sc in t i l la t ion  s p e c t r o m e t r y .  0.1 m l  of 
non - r ad ioac t ive  D M S O  was  added ,  t he  c o n t e n t s  m i x e d  
well, followed b y  add i t i on  of 0.1 ml  of SnC14. Af te r  
t h o r o u g h  mix ing ,  t he  t u b e  was  cent r i fuged,  a n d  the  radio-  
a c t i v i t y  in 0.2 ml  was  measu red .  T h e  resu l t s  are  show n  in 
Table  I. R e c o v e r y  of DMSO was  r ep re sen t ed  b y  t he  dif- 
ference in c /m in  before a n d  af te r  p rec ip i ta t ion .  D M S O  2 
r e m a i n s  v i r t u a l l y  una f f ec t ed  by  SnC14 and  hence  t h e  
c /min  before a n d  a f te r  p rec ip i t a t ion  were nea r l y  the  same.  

T h e  D M S O  a n d  D M S O  2 c o n t e n t  of m i x t u r e s  was  s imi-  
lar ly  ca lcula ted .  R e s u l t s  of these  ana ly se s  are  s h o w n  in 
Tab le  II.  If  m i x t u r e s  of r ad ioac t ive  D M S O  and  D M S O  2 
h a v i n g  a DMSO c o n t e n t  t h a t  is apprec iab ly  h ighe r  t h a n  
t h a t  of D M S O  2 are used,  as was  t he  case here,  t he  c o u n t s  
a f t e r  p rec ip i t a t ion  m u s t  be correc ted  for the  sma l l  % of 
DMSO r e m a i n i n g  in solut ion.  

DMSO DMS02 DMSO 2 
found S , added, remain- 
/zg /~g ing ~,/~g 

97.9 • 2.1 50 44.6 -= 1.7 
72.7 i 0.5 25 22.6 i 1.3 
48.9 -~ 0.3 10 9.0 i 0.8 
24.6 • 0.2 5 4.3 ~ 0.5 

Average of 5 determinations • standard deviation. 

Table I•. Precision and accuracy of determination of DMSO and 
DMSO~ in mixtures 

Found 
DMSO 2 DMSO, DMSO2, 
#g ~g~ ~g~ 

25 103.0 • 1.5 25.3 :~ 1.9 
10 49.7 ~ 1.7 9.9 • 0.8 
5 25.8 ~- 0.7 5.2 ~ 0.3 

Average of 5 determinations -4- standard deviation. 
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Ur ine  of 3 r a t s  g iven  D M S O - S  a~ (0.5 ml /kg  i.p.) was 
col lected for  24 h and  assayed  for DMSO a n d  DMSO 2 b y  
th i s  m e t h o d  w i t h  t he  fol lowing resu l t s  (expressed as a 
ra t io  of DMSO2 to  DMSO c o n t e n t ) :  r a t  1, 0.23; r a t  2, 
0.30; r a t  3, 0.25. Q u a n t i t a t i v e  gas c h r o m a t o g r a p h i c  assay  
(HOCKER a n d  MILLER s ) gave  t he  fol lowing ra t ios :  r a t  1, 
0.25; r a t  2, 0.35; r a t  3, 0.24. 

The  p r e sen t  m e t h o d  appea r s  to  be a quick,  accura te  
way  to e s t ima te  DMSO a n d  DMSO 2 c o n t e n t  of so lu t ions  
c o n t a i n i n g  these  compounds ,  I t  seems possible  t h a t  t he  
t e c h n i q u e  m a y  also be app l icab le  to  t he  ana lys i s  of radio-  
ac t ive  DMSO ill m i x t u r e s  c o n t a i n i n g  o the r  labe led  com- 
pounds ,  p rov ided  t he  l a t t e r  are  no t  p r ec i p i t a t ed  b y  SnCI~. 

Zusammen[assung.  Es  wird eine rasch  a r b e i t e n d e  
Me thode  fiir die q u a n t i t a t i v e  B e s t i m m u n g  v o n  radio-  
a k t i v e m  D i m e t h y l s u l f o x i d  und  se inem M e t a b o l i t e n  Di- 
m e t h y l s u l f o n  ill LSsung  beschr ieben .  Diese Me thode  be- 
r u h t  au f  dee se lek t iven  Ausf~tllung von  DMSO als Kom-  
p l e x v e r b i n d u n g  m i t  S t ann ich lo r iden .  
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T H E O R I A  

T h e o r e t i c a l  In terpre ta t ion  of the  S a t u r a t i o n  
Effect in Irradiated  S u b s t a n c e s  

The  ob jec t  of th i s  i nves t i ga t i on  is t he  theo re t i ca l  cal- 
cu la t ion  of t he  dose - s a t u r a t i on  effect  b y  i r r ad i a t i on  of a 
compound .  I n  general ,  s a t u r a t i o n  effect  means  t h a t  t he  
n u m b e r  of d a m a g e d  molecules  of a ce r t a in  c o m p o u n d  
caused  b y  i r r ad i a t i on  (X-rays ,  y-rays  or fas t  e lectrons)  
does no t  increase  s tead i ly  u n t i l  all  molecules  are damaged ,  
b u t  reaches  a c o n s t a n t  va lue  which  will n o t  be over-  
s t epped  b y  f u r t h e r  i r r ad ia t ion .  This  fac t  depends  on  t he  
r e c o m b i n a t i o n  of t he  radicals .  

The  m a t h e m a t i c a l  desc r ip t ion  of th i s  effect  is based  on  
t he  fol lowing mode l :  D u r i n g  t he  i r r ad i a t i on  t he  rad ica l  
c o n c e n t r a t i o n  increases  a n d  the re fore  t he  average  d i s t ance  
be tween  2 n e i g h b o u r i n g  radica ls  becomes  shor ter .  I f  t he  
d i s tance  b e t w e e n  2 n e i g h b o u r i n g  radica ls  is smal l  enough,  
these  2 radica ls  can  recombine .  Th i s  r e c o m b i n a t i o n  de- 
pends  also on  t e m p e r a t u r e ,  so t h a t  r e c o m b i n a t i o n  in- 
creases w i th  m o u n t i n g  t e m p e r a t u r e .  

The  m a t h e m a t i c a l  f o r m u l a t i o n  is as follows: L e t  n be  
the  n u m b e r  of molecules  t he  sample  conta ins .  T h e n  af te r  
i r rad ia t ion ,  w i t h  the  sample  d u r i n g  the  t i m e  t a c o n s t a n t  
dose ra te ,  t h e r e  are n R rad ica l s  a n d  n --  nR u n d a m a g e d  
molecules.  Now we def ine 

p~:  t he  e x p e c t a t i o n  for gene ra t ing  radicals ,  a n d  

Pv :  the  e x p e c t a t i o n  for v a n i s h i n g  radicals .  

The  p r o b a b i l i t y  W G for gene ra t ing  a rad ica l  w i t h  t he  
n e x t  i nc iden t  hv is: 

W G -  n - - n R  p . (1) 
n 

The  p r o b a b i l i t y  Wv for  a v a n i s h i n g  ( recombina t ion)  
rad ica l  is : 

$r wv = ~ Pv. (2) 

The  increase  dn R of t he  radica ls  pe r  t ime  dt is g iven  b y  

dnR _ A ( W G _ W v )  = A ( % n R  P C - -  nR ) 
dt ~ P v  (3) 

u n d e r  t he  cond i t ion  of c o n s t a n t  dose ra te .  This  d i f fe rent ia l  
e q u a t i o n  (3) has  the  so lu t ion :  

PG ( l - e - ( P G + P v )  A t) (4) 
nR = n p ~  + P v  n 

w i t h  t h e  in i t ia l  cond i t ion  t = 0, nR = O. Here  A is a 
p r o p o r t i o n a l  fac to r  inc lud ing  t he  dose rate .  The  equil i-  
b r i u m  be tween  t he  gene ra t i ng  a n d  v a n i s h i n g  of radica ls  
is r eached  if WG = Wv. This  yie lds :  

P~ 
nRmax = n Pv  + PG " 

Eq.  (4) is i n  accordance  w i t h  t he  empi r ica l ly  found  func- 
t i on  of CONGER and  RANDOLPH 1 for  t he  dose -dependen t  
rad ica l  yields in  X - i r r a d i a t e d  ge rm:  

nR = n o (1 --  e-~ 

Also m a n y  o t h e r  i nves t iga to r s  h a v e  obse rved  a n  expo- 
n e n t i a l  dose-effect  cu rve  in i r r a d i a t e d  subs tances .  The  
recen t  l i t e r a tu re  is s u m m a r i z e d  in ~ 

Zusammenfassung .  Der  bei  der  B e s t r a h l u n g  m i t  ioni- 
s i e renden  S t r a h l e n  a u f t r e t e n d e  S/ i t t igungseffekt ,  d.h.  die 
A b w e i c h u n g  yon  der  L i n e a r i t g t  des Verh~iltnisses zwi- 
schen  tier S t r ah lendos i s  u n d  tier Zah l  der  geschgdig ten  
Molekeln  bei  hOheren Dosis le is tungen,  wird  u n t e r  Zu- 
g runde legung  eines e in fachen  Modells,  welches sowohl  die 
E r z e u g u n g  als auch  die R e k o m b i n a t i o n  tier S t r ah len -  
sch/ iden ber i icks icht ig t ,  m a t h e m a t i s c h  beschr ieben .  
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CORRIGENDUM 
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