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Metabolism o/ EI-CH3-~4C] 1, 3, 7-trimethyldihydrouric 
acid. The  d i s t r i b u t i o n  of r a d i o a c t i v i t y  in t he  organs,  
~4CO2, u r i n a r y  and  faecal  excret ions ,  was  s tudied.  Af te r  
25 h, less t h a n  1% of a d m i n i s t e r e d  r a d i o a c t i v i t y  was  
exp i red  as ~4CO2 a n d  t he  a n i m a l ' s  b o d y  c o n t a i n e d  on ly  
0 .7%. R a d i o a c t i v i t y  col lected in faeces r ep resen ted  2% 
af te r  8 h and  9% a f t e r  25 h. Fo r  all of the  exper imen t s ,  
be tween  75 and  90% of t he  r a d i o a c t i v i t y  was recovered  
in t he  urine.  E x c r e t i o n  of r a d i o a c t i v i t y  in t he  u r ine  was 
a p p r o x i m a t e l y  comple te  a f t e r  t he  f i rs t  5 h fol lowing ad-  
min i s t r a t i on .  These  resu l t s  showed  t h a t ,  w h e n  caffeine 
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Fig 2. Metabolic pathway of caffeine proposed previously e. The 
products in brackets were not identified ill the urine a). The new me- 
tabolic pathway tatting into account the results of this work. The 
steps suggested by the identification of metabolites, but not directly 
proved, are shown with dotted lines (b). 

was ora l ly  inges ted  and  gave  rise to  1, 3 ,7 - t r ime thy ld i -  
h y d r o u r i c  acid, th i s  c o m p o u n d  and  i ts  own  me tabo l i t e s  
were r ap id ly  excre ted  in t he  urine.  This  fac t  es tabl i shed,  
i t  r e m a i n e d  to d e m o n s t r a t e  t h e  m e t a b o l i s m  u n d e r g o n e  
b y  t he  1, 3, 7 - t r i m e t h y l d i h y d r o u r i c  acid. 

The  s t u d y  of u r ine  by  t h i n - l a y e r  c h r o m a t o g r a p h y  
showed t h a t  E1-CHa-14C~ 1, 3, 7 - t r i m e t h y l d i h y d r o u r i c  acid 
was n o t  t r a n s f o r m e d  b u t  found  u n c h a n g e d  in ur ine.  
The  a u t o r a d i o g r a m  of each  ur ine  sample  collected d u r i n g  
the  e x p e r i m e n t  las t ing  25 h is p re sen ted  in F igure  l b .  
The  impur i t i e s  were m a i n l y  excre ted  in t he  f i rs t  2 u r ine  
samples  a n d  a f te r  4 h, the  1, 3, 7 - t r i m e t h y l d i h y d r o u r i c  
acid was t he  single r ad ioac t ive  p r o d u c t  in urine. These  
ana lyses  of ur ine  d e m o n s t r a t e d  t h a t  1, 3, 7 - t r ime thy ld i -  
h y d r o u r i c  acid was a f inal  p r o d u c t  of caffeine m e t a b o l i s m  
and  n o t  an  i n t e r m e d i a t e  in the  f o r m a t i o n  of t r i m e t h y l -  
a l l an to in  2. 

Discussion. New Metabolic Pathway o/ CaMeine. Al- 
t h o u g h  a large p r o p o r t i o n  of the  p o p u l a t i o n  consumes  
caffeine eve ry  d a y  in d r inks  and  in medicines ,  t he  m e t a -  
bolic p a t h w a y  of th i s  molecule  is l i t t le  k n o w n  in an ima l s  
and  even  less in  h u m a n s .  The  la tes t  and  mos t  comple te  
me tabo l i c  p a t h w a y  prev ious ly  p roposed  is p resen ted  in 
t he  F igure  2a. As a large n u m b e r  of caffeine de r i va t i ve s  
found  in ur ine  are u n k n o w n ,  t h e y  were n o t  shown ill th i s  
p a t h w a y ,  i t  mus t ,  however ,  be  po in t ed  ou t  t h a t  th i s  
me tabo l i c  p a t h w a y  is in te res t ing ,  because  t he  de r iva t i ve s  
r epo r t ed  were q u a n t i t a t i v e l y  t he  mos t  i m p o r t a n t .  

Th i s  s tudy ,  showing t h a t  1, 3, 7 - t r i m e t h y l d i h y d r o u r i c  
acid was an  e n d - p r o d u c t  of caffeine me tabo l i sm,  in t ro -  
duces  some i m p o r t a n t  modi f i ca t ions  to  the  k n o w n  
me tabo l i c  p a t h w a y  of caffeine. The  new metabo l i c  p a t h -  
way  proposed  in F igure  2 b  t akes  in to  accoun t  th i s  resu l t  
and  also t he  ex is tence  of a n  u n s t a b l e  produc t ,  c o m p o u n d  
7, wh ich  is an  i somer  or a p recursor  of t r i m e t h y l a l l a n t o i n  3. 
W i t h  th i s  new me tabo l i c  p a t h w a y ,  i t  becomes  ev iden t  
t h a t  research  m u s t  be u n d e r t a k e n  in order  to  d e t e r m i n e  
w h e t h e r  1, 3, 7 - t r ime thy lu r i c  acid is an  i n t e r m e d i a t e  in 
t he  f o r m a t i o n  of t r i m e t h y l a l l a n t o i n ,  a n d  to  iden t i fy  t he  
me tabo l i t e s  fo rmed  f rom the  d ime thy lxan th inesS .  
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Character izat ion of the Es trogen  Receptors  in the Uterine  and Blood Eos inophi l  Leukocytes  1 
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Summary. E s t r o g e n  receptors  are found  in the  r a t  u t e r ine  and  in the  eos inophi l - r ich  h u m a n  blood l eukocy te  24,000 g 
f ract ions ,  b u t  n o t  in  t he  low-eosinophi l  c o u n t  h u m a n  blood l eukocy te  24,000 g fract ion.  The  t o t a l  n u m b e r  of b ind ing  
si tes per  b lood eosinophi l  l eukocy te  is 7,400 sites per  cell, and  t he  KD = 5.6 • 10 10 M.  

P rev ious  r a d i o a u t o g r a p h i c  s tud ies  h a v e  shown t h a t  
two sepa ra t e  r ecep to r  sys tems  for estrogens,  t h o u g h t  to  
be  invo lved  in i n d e p e n d e n t  m e c h a n i s m s  of es t rogen ac- 
t ion,  exis t  in  t he  u t e r u s :  t he  cy toso l -nuc lea r  and  t he  eosi- 
noph i l  r ecep to r  sys t ems  2-s. The  cy toso l -nuc lea r  r ecep to r  
sys t em is respons ib le  for t h e  genomic  response  to es t ro-  
gens, i.e., t h e  increases  in  u t e r ine  R N A  and  p ro t e in  syn-  
thes is  7. The  eos inophi l  r ecep to r  s y s t e m  is cons idered  to  
be  i nvo lved  in some of the  ea r ly  non -genomic  es t rogenic  
responses  in t he  u te rus ,  such  as w a t e r  i m b i b i t i o n  and  t he  
increase  in vascu la r  p e r m e a b i l i t y  2-8. 

The  eosinophi l  r ecep to r  s y s t e m  for es t rogens  h a v e  been  
d e m o n s t r a t e d  in v i t ro  and  in v ivo  in r a d i o a u t o g r a p h i c  

s tudies  a, s-10, b u t  the re  h a v e  n o t  been  a t t e m p t s  to  s t u d y  
i t  b iochemical ly .  The  p r e sen t  r epo r t  describes t he  prel i -  
m i n a r y  c h a r a c t e r i z a t i o n  of t he  es t rogen  receptors  in  t h e  
u t e r ine  eosinophi ls  and  also d e m o n s t r a t e s  the  presence of 
a s imi lar  r ecep to r  in  t he  c i rcu la t ing  b lood eos inophi l  
leukocytes .  

Material and methods. E s t r o g e n  recep tors  were inves t i -  
ga t ed  in the  nuclear ,  t he  24,000 g, t he  mic rosomal  and  t he  
cy toso l  f rac t ions  f rom r a t  u t e r i ne  t i ssue  a n d  f rom blood-  
l eukocy te  p r e p a r a t i o n s  t a k e n  f rom b o t h  p a t i e n t s  w i t h  a 
h igh  c o u n t  of b lood eosinophi ls  and  p a t i e n t s  w i t h  a low 
n u m b e r  of b lood eosinophils .  To increase  t he  n u m b e r  of 
u t e r ine  eosinophi ls  6, 11, t he  m a t u r e  r a t s  used in the  pre-  
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Binding of aH-estradiol to rat uterine 
and human blood leukocyte 24,000 g fractions. Effects of non-radioactive estradiol and hydrogen peroxide 
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Concentrations in the incubation tubes Bound radioactivity (dpm/incubation tube) to 

aH-estradiol (M) Hydrogen peroxide (M) Non-radioactive estradiol (M) Eosinophil-rich Low-eosinophil- Rat uterine 
blood-leukocyte count blood 24,000 g fraction 
24,000 g fraction leukocyte 

24,000 g fraction 

3 • 10 -~~ - - 810 90 1690 
3 • 10 -m 1 • 10 r 6165 900 2295 
3 • 10 -~~ 1 • 10 -~ 7.5 • 10 ~ 1620 90 945 
1 • 10 -~ - 1620 1.80 4320 
1 • 10 -~ 1 • 10 -~ 9360 1260 4725 
1 • 10 -~ 1 • 10 -~ 2.5 • 10 ~ 20-70 90 3750 

Rat uterine 24,000 g fractions (corresponding to 0.15 uterine horn), eosinophil-rich blood-leukocyte 24,000 g fractions (corresponding to 
2,250,000 eosinophils) or low eosinophil-count blood-leukocyte 24,000 g fractions (corresponding to 170,000 eosinophils) were used in each 
incubation tube. The protein content in each incubation tube was 88 tzg. 

s e n t  e x p e r i m e n t s  were  p r e t r e a t e d  for  3 d a y s  w i t h  30 [xg 
of  n o n - r a d i o a c t i v e  e s t r ad io l  p e r  100 g of b o d y  w e i g h t  a n d  
p e r  day .  T h e  r a t s  we re  sacr i f ied  24 h a f t e r  t h e  las t  in- 
jec t ion .  E a c h  f r ac t i on  w a s  r e s u s p e n d e d  in a 0.05 M T r i s  - 
0.4 m M  E D T A  bu f f e r  ( p H  7.4) a n d  w a s  i n c u b a t e d  a t  
37~ for  1 h w i t h  v a r i o u s  c o n c e n t r a t i o n s  (be tween  1 • 
10 -1~ M a n d  3 • 10 9 M)  of 3H-es t rad io l -17f i  (specific ac- 
t i v i t y  = 48 Ci p e r  mil l imole) ,  w i t h  or  w i t h o u t  a 25-fold 
c o n c e n t r a t i o n  of n o n - r a d i o a c t i v e  estradiol-17/5, a n d  w i t h  
or  w i t h o u t  1 • 10-6 M h y d r o g e n  perox ide .  A t  t h e  end  of 
t he  i n c u b a t i o n ,  a l i q u o t s  were  t a k e n  for t h e  s e p a r a t i o n  
of t h e  b o u n d  a n d  free SH-es t r ad io l  b y  f i l t r a t ion  in G-25 
coa r se  S e p h a d e x - c o l u m n s .  S e p a r a t e  a l i quo t s  were  used  
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SCATCHARD plots for binding of 3H-estradiol to rat uterine and 
human blood leukocyte 24,000 g fractions. 
Rat uterine 24,000 g fractions corresponding to 0.10 uterine horn 
(O and �9 and eosinophil-rich human blood leukocyte 24,000 g frac- 
tions corresponding to 2,250,000 eosinophils (m and ~ii), were used 
in each incubation with ~H-estradiol-17/~. �9 and LT, the incubation 
media contained a 25-fold concentration of non-radioactive estra- 
diol-17~; �9 and m, the incubation media was without non-radio: 
active estradiol. The total volume of the incubation medium was 
0.6 ml, and the protein content was 88 txg in the incubation per- 
formed with the blood leukocyte fractions, and 58 ~xg in the incu- 
bation performed with the rat uterine fractions. The bound and free 
3 H-estradiol were determined as described in the text. 

for  t he  m e a s u r e m e n t  of t o t a l  r a d i o a c t i v i t y ,  p r o t e i n s  ~" 
a n d  p e r o x i d a s e  ~3. Tile r e su l t s  o b t a i n e d  in t h e  r a t  u t e r i ne  
a n d  in t he  eos inoph i l - r i ch  b lood l e u k o c y t e  24,000 g f rac-  
t i ons  were  e x p r e s s e d  as a SCATCHARD plo t  ~4. 

R e s u l t s .  T h e  Tab le  s h o w s  t h a t  a s ign i f i can t  a m o u n t  of 
b o u n d  3 H - e s t r a d i o l  is f o u n d  in tile 24,000 g f rac t ion  a f t e r  
i n c u b a t i o n  w i t h  3H-es t r ad io l  w h e n  th i s  f r ac t ion  is ob-  
t a i ne d  f r o m  r a t  u t e r i ne  h o m o g e n a t e s  or  f r o m  eos ino-  
ph i l - r i ch  b lood  l e u k o c y t e  p r e p a r a t i o n s .  A l m o s t  no  b ind -  
ing of 3 H - e s t r a d i o l  is f o u n d  in t h e  24,000 g f r ac t i on  w h e n  
i t  w a s  o b t a i n e d  f r o m  low eos inoph i l  c o u n t  b lood  leuko-  
cy te  p r e p a r a t i o n s .  A 25-fold c o n c e n t r a t i o n  of n o n - r a d i o -  
ac t ive  es t radiol-17fl  d r a s t i c a l l y  decreases  or  a l m o s t  abo-  
l ishes t he  b i n d i n g  of ~H-es t r ad io l  in t he  24,000 g f rac-  
t ions .  T h e  p r e se nc e  of 1 •  -6 M h y d r o g e n  p e r o x i d e  
g r e a t l y  increases  t he  a m o u n t  of  b o u n d  aH-es t r ad io l  in t h e  
24,000 g f r a c t i o n s  f r o m  r a t  uter i ,  f r o m  eos inoph i l - r i ch  
h u m a n  b lood  l e u k o c y t e  a n d  f r o m  low eos inophi l  c o u n t  
b lood  l e u k o c y t e  p r e p a r a t i o n s .  A 25-fold c o n c e n t r a t i o n  of 
n o n - r a d i o a c t i v e  e s t r ad io l  p r o d u c e s  a s ign i f ican t  decrease  
in t h e  b o u n d  r a d i o a c t i v i t y  ill t h e  24,000 g f r ac t i ons  in-  
c u b a t e d  in t h e  p re sence  of h y d r o g e n  perox ide .  
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The amount of bound aH-estradiol in the nuclear, 
microsomal and cytosol fractions from rat uteri, was well 
as those from human blood leukocyte preparations, is 
much lower than that  from the 24,000 g fractions. Non- 
radioactive estradiol does not  decrease the amount of 
bound radioactivi W in the nuclear, microsomal and cyto- 
sol fractions. Hydrogen peroxide does not increase the 
amount of bound radioactivity in those fractions, as was 
observed in the 24,000 g fractions. The guiacol reaction 
demonstrates only the presence of peroxidase in the uter- 
ine and blood leukocyte 24,000 g fraction, but  not in the 
nuclear, microsomal and cytosol fractions. 

The Figure shows the results expressed as SCATCHARD 
plots. The estrogen receptors from both the rat uterine 
24,000 g fraction and the eosinophil-rich human blood 
leukocyte 24,000 g fraction have a constant of dissocia- 
tion of 5.6 • 10 -~~ M. The total  number of binding sites 
per eosinophil (from the blood leukocyte preparations) is 
7,400 sites per cell. In both the rat uterine and the eosino- 
phil-rich human blood leukocyte 24,000 g fractions, there 
is no detectable specific estrogen binding in tile presence 
of non-radioactive estradiol-17/~. 

Discussion. The present report describes high affinity 
and low capacity estrogen receptors in the rat uterine and 
the human eosinophil-rich blood leukocyte 24,000 g frac- 
tions. No estrogen receptors were detected in the cytosol, 
microsomal and nuclear fractions from rat uteri or from 
human blood leukocyte preparations, probably because of 
the long incubation at 37 ~ which has been reported to 
destroy the uterine cytosol receptors ~. 

The estrogen receptors from the blood leukocyte 
24,000 g fraction were only clearly demonstrated when 
the blood was obtained from patients with a high count of 
blood eosinophils, suggesting that  these estrogen re- 
ceptors are only present in tile eosinophil Ieukocytes. 

The estrogen receptors from the 24,000 g fraction of rat 
uterus and those from the 24,000 g fraction of eosinophil- 

rich blood leukocyte preparations have three character- 
istics in common: They have a similar constant of disso- 
ciation, they increase the binding of 3H-estradiol in the 
presence of a low concentration of hydrogen peroxide and 
they are found in the 24,000 g fraction. These charac- 
teristics suggest that  the 24,000 g fraction eosinophil-rich 
blood leukocyte receptors are identical with the uterine 
estrogen receptors found in the 24,000 g fraction. 

An increase in estrogen binding by the blood leukocyte 
and the uterine 24,000 g fractions occurs in the presence of 
a low concentration of hydrogen peroxide. Similarly, an 
increase in estrogen binding and retention by the uterine 
eosinophils in the presence of a low concentration of 
hydrogen peroxide has been reported in radioautographic 
studies 15, 1~, suggesting that  the estrogen receptors found 
in the 24,000 g fractions correspond to the estrogen re- 
ceptors previously described in uterine eosinophils ~-6, 8-~1, 
~5-17. Furthermore, electron microscope radioautography 
demonstrated the localization of the estrogen eosinophil 
receptors in the 'specific lysosomes' of the eosinophil 
leukocytes ~, known as 'peroxidasosomes'~S, which sedi- 
ment in the 24,000 g fraetion~. 

Experimental  data has led u s  to conclude that  the 
estrogen receptors described in the blood leukocyte and 
tlle uterine 24,000 g fractions correspond to the uterine 
eosinophil estrogen receptors previously found in uterine 
radioautograms, confirming their existence in the uterus, 
in addition to the cytosol-nuclear receptor system. 
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The Desulphation of Hexosamine Sulphates by Arylsulphatase B1 

A. A. FAROOQUI 

Centre de Neurochimie, 11, rue Humann, F-67085 Strasbourg, Cedex (France), 13 April  7976. 

Summary. The sulphation of Carbobenzoxyglucosamine by chlorosulphonic acid resulted in formation of N-carbo- 
benzoxyglucosamine-4,6-disulphate. UDP-galactosamine 4-sulphate and glucosamine 4,6-disulphate were the com- 
petitive inhibitors of arylsulphatase B. Arylsulphatase 13 can hydrolyze UDP-galactosamine 4-sulphate and glucosa- 
mine 4,6-disulphate but not galactosamine 6-sulphate. 

Lysosomal arylsulphatase B has been extensively puri- 
fied from various mammalian tissues 2-4. I t  can be clearly 
distinguished from the corresponding arylsulphatase A 
both by its lower molecular weight and higher isoelectric 
point "2. Although the physiological role of arylsulphatase 
A has been well established 5-7, the role of arylsulphatase 
B is still obscure. However, it has been suggested s that  
the latter may have a role in mucopolysaccharide me- 
tabolism. Further, it has recently been reported that  
arylsulphatase B activity is markedly diminished in the 
tissues of patients with Maroteaux-Lamy syndrome, which 
is characterized by the abnormal excretion of dermatan 
sulphate 9,10. In a preliminary report STEVENS et a1.11 have 
reported that  a partially purified preparation of human 
placenta arylsulphatase B could desulphate UDP-N- 
acetylgalactosamine 4-sulphate. 

In the present work, at tempts were made to prepare 
hexosamine sulphates for using them as substrates for 
arylsulphatase B. The hexosamine sulphates were also 
coupled with CH-sepharose in an at tempt  to make an 
affinity chromatography column for arylsulphatase t3. 

Methods. The homogeneous preparation of arylsulpha- 
tase B was prepared by the method of FAROOQUI and 
R o Y  4, and assayed by the method of ALLEN and RoY 2 
using nitrocatechol sulphate as a substrate. The purified 
enzyme preparation had a specific activity of 130 ~xmole/ 
rain/rag. 

Preparation o/ hexosamine sulphates. Carbobenzoxy- 
hexosamines were prepared by the method of CHARGAFF 
a n d  13OVARNICK 12. They were crystallized 3 times with 
30 % methanol before sulphation. The sulphation of carbo- 
benzoxyhexosamines was done by tile method of ADAM 13 


