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T h e  C o m p a r a t i v e  M e t a b o l i s m  of  E t h y l e n e  D i m e t h a n e s u l p h o n a t e  and  Ethy l ene  D i b r o m i d e  ~ 

E t h y l e n e  d i m e t h a n e s u l p h o n a t e  (EDS,  I R = O SO2CH3) 
possesses  a n t i - s p e r m a t o g e n i c  a c t i v i t y  ~ a n d  i n h i b i t s  t h e  
g r o w t h  of i m p l a n t e d  t u r n o u t s  in  r o d e n t s  3. P r e l i m i n a r y  
s tud ies  w i t h  ~sS-EDS i n d i c a t e d  t h a t  m e t a b o l i s m  occurred,  
a t  a r a t e  a p p e a r i n g  to  be  species d e p e n d a n t ,  g iv ing  m e t h a n e  
su lphon ic  ac id  as  t h e  on ly  r a d i o a c t i v e  u r i n a r y  m e t a b o l i t e .  

C h r o m a t o g r a p h y  of r a t  u r i n e  f r o m  ora l  a d m i n i s t r a t i o n  
of 1,2-1*C-EDS (100 mg/kg)  s e p a r a t e d  2 r a d i o a c t i v e  
m e t a b o l i t e s  w h i c h  were  iden t i f i ed  b y  reIerence  to  a u t h e n t i c  
s amples  as  N-ace ty l -S - ( f l -hyd roxye thy l ) - cys t e ine  (fi-hy- 
d r o x y e t h y l - m e r c a p t u r i c  acid,  V) a n d  N-ace ty l -S- ( f l -hy-  
d r o x y e t h y l ) - c y s t e i n e - S - o x i d e  (VI). De tox i f i c a t i on  of E D S  
b y  m e r c a p t u r i c  ac id  c o n j u g a t i o n  is ana logous  to  t h a t  of 
e t h y l e n e  d i b r o m i d e  (EDB,  I R = Br)  wh ich  ~NACHTOMI 
e t  al. h a v e  s h o w n  4 to  be  m e t a b o l i z e d  b y  t h e  r a t  to  S-(fl- 
h y d r o x y e t h y l ) - c y s t e i n e  ( I I I ) ,  i ts  N - a c e t a t e  (V) a n d  a n  
u n i d e n t i f i e d  me tabo l i t e .  As t he  m e t a b o l i c  p a t h w a y  of E D  S 
a n d  E D B  a p p e a r e d  s imilar ,  we h a v e  r e - i n v e s t i g a t e d  t he  
m e t a b o l i s m  of 1, 2-~*C-EDB a n d  con f i rmed  t h a t  b o t h  com- 
p o u n d s  are  de toxi f ied  b y  s imi la r  m e c h a n i s m s .  

E t h y l e n e  d i b r o m i d e  is n o t  exc re ted  b y  t h e  r a t  fo l lowing 
a s u b - l e t h a l  oral  dose of I00  m g / k g  whereas  a s imi la r  ora l  
dose  of E D S  gave  45% u n c h a n g e d  c o m p o u n d  in  t h e  u r ine  
ove r  24 h.  Th i s  d i f ference  in m e t a b o l i c  r a t e  p r o b a b l y  
exp la ins  t h e  o b s e r v e d  m e t a b o l i c  p a t t e r n s  for  each  com-  
p o u n d .  Due  to  t h e  in  v i v o  s t a b i l i t y  of E D S  (half-l ife of 
12 d a y s  in  b o t h  p l a s m a  a n d  phys io log ica l  sa l ine  a t  37 °), 
slow" p r o d u c t i o n  of I I I  enab le s  i t s  c o n v e r s i o n  to  V a n d  VI .  
R a p i d  p r o d u c t i o n  of I l I  b y  E D B  resu l t s  in  exc re t i on  of I i I  
w i t h  a n  a l t e r n a t i v e  p a t h w a y  o p e r a t i n g  v ia  S-( f l -hydroxy-  
e thy l ) - cys t e ine -S -ox ide  (IV) to  p r oduce  inorgan ic  sul- 
pha t e .  B o t h  p a t h w a y s  f rom I I I  ( assumed to  p roceed  v ia  II)  
are  o p e r a t i v e  f rom E D B  a n d  as well  as i so la t ing  I V  as a 
f u r t h e r  me tabo l i t e ,  we h a v e  iden t i f i ed  V I  as NACHTOMI 
et  a l . ' s  un iden t i f i ed  m e t a b o l i t e  4. C o m p o u n d s  I I I ,  I V  a n d  V 
h a v e  been  syn thes i zed  f rom 35S-cysteine a n d  t h e  sequence  
s h o w n  in t h e  d i a g r a m  conf i rmed  b y  iden t i f i ca t ion  of t h e i r  
r espec t ive  m e t a b o l i t e s  n. Biological  o x i d a t i o n  of I I I  to  I V  
is of i n t e r e s t  in  t h a t  a p a r t  f r om b e i n g  a r eve r s ib le  s tep,  i t  
a p p e a r s  to  occur  on ly  w h e n  I I I  is p r o d u c e d  in large 
a m o u n t s  i n d i c a t i n g  t h a t  t h e  a c e t y l a t i o n  s tage  m a y  be  r a t e  
l imi t ing .  

WILLIAMS e t  al. r e p o r t  s e t h y l e n e  glycol to  b e  exc re t ed  
u n c h a n g e d  b y  t h e  r a t  a f t e r  a d m i n i s t r a t i o n  of tow doses.  

H o w e v e r  i so tope  d i lu t ion  a n d  f o r m a t i o n  of i ts  i n a c t i v e  
b i s - p h e n y l u r e t h a n e  d e r i v a t i v e  showed  t h a t  i t  was  n o t  a 
u r i n a r y  m e t a b o l i t e  of e i t h e r  E D S  or  E D B  a n d  t h a t  
kydro lys i s  of e i t he r  c o m p o u n d  does  n o t  occur  in  v i v o  to  
a n y  app rec i ab l e  e x t e n t .  The  i so la t ion  of r a d i o a c t i v e  c a r b o n  
d iox ide  in  5 a n d  20% of a d m i n i s t e r e d  doses  of  E D S  a n d  
E D B  respec t ive ly ,  sugges ted  a more  d r a s t i c  degree  of 
m e t a b o l i s m  of b o t h  c o m p o u n d s .  W e  h a v e  c o n f i r m e d  t h a t  
1,2-14C-ethylene glycol  (50 mg/kg)  was no t  d e g r a d e d  to  
c a r b o n  d iox ide  s b u t  t he  a m o u n t s  p r o d u c e d  b y  b o t h  com-  
p o u n d s  were  in a g r e e m e n t  w i t h  i t  be ing  fo rmed  f rom t h e i r  
m e t a b o l i t e s  I I I  a n d  IV. Th i s  has  been  s h o w n  to  be  t h e  case 
as I l l  a n d  IV,  labe l led  w i t h  ~C in t h e  f l - hyd roxye thy l  
moie ty ,  gave  c a r b o n  d iox ide  in yields  of 25 a n d  16%.  Th i s  
is ana logous  to  t h e  fa te  of t he  m e t h y l  g roup  of S - m e t h y l -  
cys te ine  w h i c h  HORNER a n d  KUCHINSKAS9 h a v e  s h o w n  to  
be  e x t e n s i v e l y  ox id ized  to  c a r b o n  dioxide,  

A l t h o u g h  S , S ' - e t h y l e n e - b i s - c y s t e i n e  (VII)  is fo rmed  
q u a n t i t a t i v e l y  by  in v i t r o  r e a c t i o n  of E D S  a n d  E D B  w i t h  
cys te ine ,  n e i t h e r  i t  no r  i t s  his -N-ace ta te  are t he i r  u r i n a r y  
me tabo l i t e s .  Th i s  m a y  be  exp l a ined  b y  t he  r a p i d  r a t e  of 

Compound Synthetic Rf Metabolite Rf 

Ethylene dimethanesnlphonate (I) 0.85 
S-(fl-hydroxyet hyl)-cysteine {IiI) 0.34 0.34 
S-(fl-hydroxyethyl)-cysteine- 0.17 0.18 
S-oxide (IV) 
N-aeetyl-S-(fl-hydroxyethyl)- 0.72 0.71 
eysteine (V) 
N-acetyl-S-(fl-hydroxyethyl)- 0.46 0.45 
cysteine-S-oxide (VI) 
S, S'-ethylene-bis-cysteine (VII) 0.08 - 
S, S'-ethylene-bis-(N-acetyl- 0.78 - 
eysteine) 
Ethylene glycol 0.64 - 
Sulphate 0.00 0.00 

RI values for synthetic and isolated urinary rnetabolites on Whatmali 
No. 1 paper (ascending) in the solvent system n-butanol-acetic acid- 
water (4:2:1). Detection was by ninhydrin spray, iodine vapour and 
autoradiography. (Metabolites were also intereonverted and identi- 
fied by peroxide oxidation, thioglyeollate reduction n,  acid hydro- 
lysis and treatment with hog-kidney aeylase I*. 
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hydro lys i s  a0 of t h e  p roposed  i n t e r m e d i a t e  I I .  A n  ana logous  
i n t e r m e d i a t e  (II ,  R = C1) m a y  also be  fo rmed  in  t h e  
de tox i f i c a t i on  of e t h y l e n e  d ich lor ide  which ,  t o g e t h e r  w i t h  
e t h y l e n e  b r o m o h y d r i n ,  is k n o w n  to  p roduce  t he  s ame  
m e t a b o l i t e s  as E D B  4. 

F e r t i l i t y  s tud ies  in  r a t s  w i t h  S- ( f l -hydroxye thy l ) -  
cys te ine  ( I I I )  g iven  ora l ly  (5 x 1 g/kg) h a v e  s h o w n  t h a t  i t  
h a s  no  a n t i - s p e r m a t o g e n i c  ac t iv i ty .  E t h y l e n e  d i m e t h a n e -  
s u l p h o n a t e  a t  e i t he r  i × 100 m g / k g  i n t r a p e r i t o n e a l l y  or  
10 × 25 m g / k g  ora l ly  p roduces  in fe r t i l i t y  in ma le  r a t s  b y  
d i rec t  a c t i o n  on  t h e  i n t e r m e d i a t e  r a n g e  of s p e r m a t o g e n i c  
cells ( spe rma t id s  a n d  spe rma toey te s ) ,  w he r ea s  e t h y l e n e  di- 
b r o m i d e  shows no  c o m p a r a b l e  ac t iv i ty .  Th i s  sugges ts  t h a t  
t h e  a n t i - s p e r m a t o g e n i c  a n d  t he  a n t i - t u m o u r  a c t i v i t y  of 
E D S  is n o t  due  to  a n y  of i t s  i so la ted  m e t a b o l i t e s  b u t  
invo lves  a m e c h a n i s m  of specific cel lular  a l k y l a t i o n  2. 

Zusammen/assung. ~ _ t h y l e n g l y k o l - d i m e t h a n s u l f o n a t  
(EDS)  wi rd  y o n  der  iRatte zu N-Ace ty I -S- ( f l -hydroxy-  
~i thyt)-cystein (V), N-Ace ty I -S - ( f l -hydroxy~ thy l ) - cys t e in -  
S-oxyd  (VI), u n d  Methansu l fonsAure  a b g e b a u t .  A t h y l e n -  

d i b r o m i d  ( E D B )  g ib t  ausse r  V u n d  VI ,  S - ( f l -Hydroxy-  
~ thy l ) - cys t e in  ( I I I )  u n d  wi rd  wet te r  zu K o h l e n d i o x y d  u n d  
a n o r g a n i s e h e m  S u l p h a t  v ia  S - ( f l -Hydroxy / i thy l ) - cys t e in -  
S-oxyd  (IV) a b g e b a u t .  Ke ine  d e r  e r w A h n t e n  Stof fwechse l -  
p r o d u k t e  s ind gegen T u m o r e n  oder  gegen S p e r m a t o g e n e s e  
wi rksam.  
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Xanthine Oxidase Activity in the Brain 

B r a i n  h a s  been  r e p o r t e d  to  be  devo id  of x a n t h i n e  
ox idase  (XO) a c t i v i t y  ( x a n t h i n e  o x i d o r e d u c t a s e  1, 2, 3, 2 
I.U.B.) ~ a n d  in  t h e  r e c e n t  t r ea t i s e s  of MclLWAIN ~ a n d  of 
FRIEDE 3 t h e r e  is no  re ference  to  t h e  p resence  of t h i s  
e n z y m e  in t h e  b ra in .  However ,  a low a c t i v i t y  was  found  
in t h e  b r a i n  of t he  dog  a n d  t he  sheep  ~. T he  e n z y m a t i c  
a c t i v i t y  of x a n t h i n e  d e h y d r o g e n a s e  (XD) in  t h e  b r a i n  of 
t he  mouse  was  found  to  increase  up  to  10 t i m e s  in  t h e  
a n i m a l s  in fec ted  w i t h  yel low fever  a n d  o t h e r  v i rus  5, a n d  i t  
was  r e p o r t e d  r ecen t l y  t h a t  X O  decreases  s h a r p l y  in t h e  
b r a i n  of t h e  r a t  d u r i n g  narcos i s  p roduced  b y  s o d i u m  
b a r b i t a l  (Mcdinai)s .  These  c o n t r a d i c t o r y  r e su l t s  led us  to  
r e i n v e s t i g a t e  t he  X O  a c t i v i t y  of t he  b r a i n  of  some 
c o m m o n l y - u s e d  an ima l s  for  e x p e r i m e n t a l  r e sea rch  of t he  
n e r v o u s  sys tem.  

XNistar ra ts ,  w h i t e  mice  (average  20 g), a d u l t  gu inea-p igs  
a n d  male  r a b b i t s  were  d e c a p i t a t e d  a n d  t he  b r a i n s  r ap id ly  
t a k e n  o u t  w a s h e d  w i t h  ice-cold d is t i l led  w a t e r  a n d  b l o t t e d  
w i t h  "vVhatman No. 50 p a p e r  to  r e m o v e  b lood clots.  B r a i n  
was  care fu l ly  s e p a r a t e d  f rom t h e  cerebe l lum,  weighed  a n d  
m a i n t a i n e d  in t he  f reezer  u n t i l  h o m o g e n i z e d  w i t h  phos -  
p h a t e  buf fe r  0 .025M,  p H  7.0 in a P o t t e r - E l v e h j e m  all 
glass h o m o g e n i z e r  us ing  a t e f lon  pest le .  T h e  v o l u m e s  of 
t h e  h o m o g e n a t e s  were a d j u s t e d  to  1 :10  w i t h  t h e  buf fe r  
a n d  cen t r i fuged  for  15 ra in  a t  10, 0 00 g a n d  t he  s u p e r n a t a n t  
p i p e t t e d  off. Cow b r a i n s  were  o b t a i n e d  f rom t h e  s l augh te r -  
house  a n d  k e p t  f rozen  u n t i l  used. X O  was m e a s u r e d  
s p e c t r o p h o t o m e t r i c a l l y  as exp l a ined  in  t h e  Table .  

X D  was  e s t i m a t e d  us ing  T h u n b e r g  e v a c u a t e d  t u b e s  
c o n t a i n i n g  in  t h e  side a r m  0.4 ml  of 0 .1% of 2, 3, 5 - t r i p h e n y l  
t e t r a z o l i u m  chlor ide  (TPTC) as h y d r o g e n  a c c e p t e r  a n d  
0.052 ~moles  x a n t h i n e .  T h e  f o r m a z a n  p r o d u c e d  a f t e r  
30 ra in  i n c u b a t i o n  a t  37 °C was e x t r a c t e d  w i t h  p e t r o l e u m  
e t h e r  a n d  m e a s u r e d  co lor imet r ica l ly  a t  495 nm.  I n  these  
cond i t ions  low va lues  were  o b t a i n e d  b u t  w h e n  pre-  
i n c u b a t e d  10 m i n  w i t h  0.28 ~zmoles of n i c o t i n a m i d e  a d e n i n e  
d i n u c l e o t i d e  ( N A D ) / m l  of t h e  s u p e r n a t a n t ,  as h y d r o g e n  
accep te r ,  t h e  r e a c t i o n  inc reased  marked ly .  T h e  va lues  ex-  
p ressed  in  lzg f o r m a z a n  p r o d u c e d  p e r  m g  p r o t e i n  were  15, 
19, 17.5, 10 a n d  9 r e spec t ive ly  for  t he  ra t ,  t h e  mouse ,  t h e  

guinea-p ig ,  t h e  r a b b i t  a n d  t h e  cow-. P r o t e i n  was e s t i m a t e d  
s p e c t r o p h o t o m e t r i c a i l y  us ing  t he  f o r n m l a  of KALCKAR 7. 

T h e  resu l t s  a re  s u m m a r i z e d  in  t h e  Table .  The  r a t  a n d  
t he  gu inea -p ig  showed  t he  h ighes t  va lues  in  t he  b ra in ,  b u t  

Xanthine oxidase in brain and cerebellum of some animals 

Animals No. X O in ~.molcs/mg protein 

Brain Cerebellum 
range average 

Mouse 25 0.012-0.022 0.003 
Rat 35 0.023-0.068 0.018 
Guinea-pig 5 0.018-0.042 0.020 
Rabbit 2 0.008-0.010 0.010 
Cow 2 0.004-0.008 0.008 

XO measured in 0.5 mI of the supernatant incubated with 0.05ptmoles 
of hypoxanthine and Tris buffer pH 7.4 for 2 h at 37°C and the 
reaction stopped by the addition of 2 ml 12% (v/v) perchloric acid. 
The filtrate adjusted to 4 ml with the acid. Absorbancy read at 
290 nm and the results calculated in uric acid and expressed in 
~zmoles produced/rag protein of the supernatant. 2 blanks run for 
each determination: one with all the reagents plus brain but not 
incubated and the other with all reagents except the substrate and 
incubated for 2 h. 
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