
1238 Specialia EXPERIENTIA 32/10 

accord ing  to  t he  m e t h o d  of BARBER a n d  JAMIESON. 11 as  
modif ied b y  CAMERINI-DAVALOS et  al. 12 P r o t e i n  was de ter -  
m ined  b y  t he  b i u r e t  m e t h o d  13 us ing  s e rum a l b u m i n  as 
s t a n d a r d .  

Results  and discussion. Table  I shows t he  resu l t s  of oral  
glucose to le rance  tes t s  in SA, K K  a n d  h y b r i d  mice. No 
s igni f icant  difference e i the r  in  t he  oral  glucose to le rance  
or in  t he  glucose a rea  was obse rved  a m o n g  the  t h r ee  
g roups  of mice. However ,  t he  k i d n e y  g lucosy l t rans fe rase  
a c t i v i t y  was s igni f icant ly  h igher  in t he  K K  w h e n  com- 
p a r e d  to t h a t  of b o t h  SA and  h y b r i d  mice (Table  II) .  The  
e n z y m e  ac t iv i ty ,  a l t h o u g h  e leva ted  in t he  hybr ids ,  was  
no t  s t a t i s t i ca l ly  s igni f icant  w h e n  c o m p a r e d  to  SA mice. 
I t  should,  however ,  be n o t e d  t h a t  t he  g lucosy l t rans fe rase  
a c t i v i t y  in the  h y b r i d s  was i n t e r m e d i a r y  of b o t h  p a r e n t a l  
s t ra ins .  

T h a t  t h e  K K  mouse  is a n  ideal  a n i m a l  model  for the  
s tud ies  of h u m a n  genet ic  d iabe tes  and  m i c r o a n g i o p a t h y  
has  been  sugges ted  b y  us and  o t h e r  i nves t iga to r s  14-18. 

These  mice h a v e  n o r m a l  to le rance  to oral  glucose un t i l  
100 days  (prediabetes)  and  impa i r ed  to le rance  l a t e r  on  
(chemical  d iabetes)  12. A b o u t  60% of t he  mice deve lop  
g lomeru la r  lesions b y  2 m o n t h s  of age ~ a t  t he  same  t i m e  
w h e n  these  mice st i l l  h a v e  n o r m a l  to le rance  to oral  glu- 
cose. D e t e r m i n a t i o n  of g lucosy l t rans fe rase  a c t i v i t y  in t he  
r ena l  cor t ices  showed t h a t  t he  K K  mice h a v e  e l eva ted  
levels be tween  t he  25 th  and  55 th  days  of life w h e n  com- 
p a r e d  to a g e - m a t c h e d  SA mice 1~, 20. L a t e r  on, no  difference 
in t he  e n z y m e  a c t i v i t y  be t w een  t he  two  groups  of mice 
was observed .  I t  is, therefore ,  u n d e r s t a n d a b l e  t h a t  the  
s igni f icant  e l eva t ion  of g lucosy l t rans fe rase  a c t i v i t y  in  t he  
p red iabe t i c  K K  mice precedes  de t ec t ab l e  s t r u c t u r a l l e s i o n s  
in t h e  k i d n e y  and  a b n o r m a l  to le rance  to oral  glucose. 

The  p r e sen t  resu l t s  ind ica te  t h a t  changes  in t he  k i d n e y  
g lucosy l t r ans fe rase  a c t i v i t y  can  be obse rved  in response  

to gene dosage w i t h o u t  affect ing glucose to lerance,  sugges -  
t ing  t h a t  m i c r o a n g i o p a t h y  a n d  c a r b o h y d r a t e  to l e rance  
are i n d e p e n d e n t  a t  t he  s tage  of ear ly  d iabetes .  The  d a t a  
are c o m p a t i b l e  w i t h  changes  in muscle  cap i l la ry  b a s e m e n t  
m e m b r a n e  w i d t h  in h u m a n  p red iabe t i c s  w i t h  n o r m a l  oral  
glucose tolerance.4,  5 In  add i t ion ,  the  d a t a  sugges t  t h a t  
enzymes  invo lved  in the  b a s e m e n t - m e m b r a n e  syn thes i s  
are sub jec t  to  changes  d e p e n d i n g  upon  t he  genet ic  m a k e -  
up  of the  an imal .  Such  an  ear ly  e n z y m e  change  can  be  
used as a possible  genet ic  m a r k e r  for t he  diagnosis  a n d  
prognos is  of m i c r o a n g i o p a t h y  in those  ind iv idua l s  w i t h  a 
f ami ly  h i s t o ry  of d iabe tes  and  who  h a d  no t  ye t  deve loped  
in to le rance  to glucose. 
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M e t a b o l i s m  of 1 , 3 , 7 - T r i m e t h y l d i h y d r o u r i c  Acid  in the  Rat: N e w  M e t a b o l i c  P a t h w a y  of Caffeine 

M. J.  ARNAUD 

Nestld Products Technical  Assis tance Co. Ltd.,  Research Department,  t ). O. Box  88, C H - 1 8 7 d  L a  Tour-de-Pei lz  
(Switzerland), 5 M a y  7976. 

Summary. [1-CHa-14C~ 1 ,3 ,7 - t r ime thy ld ihydrour i c  acid which,  in q u a n t i t y ,  is the  mos t  i m p o r t a n t  caffeine m e t a b -  
olite, was  isola ted a n d  pur i f ied  f rom t he  ur ine  of r a t s  fed w i t h  [1-CHa-~4C~ caffeine. The  oral  a d m i n i s t r a t i o n  of t h i s  
m e t a b o l i t e  to  r a t s  showed  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 excre ted  u n c h a n g e d  in ur ine  a n d  was therefore  
a n  end  p r o d u c t  of caffeine me tabo l i sm.  Th i s  resu l t  implies  a new me tabo l i c  p a t h w a y  of caffeine. 

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 i so la ted  1 a n d  
t h e n  ident i f ied  2 in  ex t r ac t s  f rom ra t s '  ur ine.  A l t h o u g h  
t he  exac t  a m o u n t  of th i s  caffeine m e t a b o l i t e  was  un-  
known,  i t  was  r epo r t ed  t h a t  a b o u t  12% of in jec ted  caf- 
feine was excre ted  in th i s  form. A q u a n t i t a t i v e  s t u d y  of 
all of t he  caffeine de r iva t i ve s  excre ted  in t he  u r ine  h a s  
s h o w n  t h a t  th i s  c o m p o u n d  cor responds  to 20% of caf- 
feine a d m i n i s t e r e d  ora l ly  8. 

The  m e t a b o l i s m  of 1, 3, 7 - t r i m e t h y l d i h y d r o u r i c  acid 
has  n e v e r  been  s tudied,  because  th i s  p r o d u c t  appea r s  to  
be  u n s t a b l e  and  read i ly  d e h y d r a t e s  to  give caffeine 1. 

I n  th i s  s tudy ,  t h i n - l a y e r  c h r o m a t o g r a p h y  was used 
w i t h  success to  isola te  and  pu r i fy  [1-CHa-14C~ 1, 3, 7- t t i -  
m e t h y l d i h y d r o u r i c  acid f rom t he  ur ine  of r a t s  wh ich  h a d  
received E1-CHa-14C? caffeine orally.  T he  m e t a b o l i s m  of 
th i s  caffeine d e r i v a t i v e  in t he  r a t  was s tudied,  and,  ac- 
cord ing  to t he  results ,  a new me tabo l i c  p a t h w a y  of caf- 
feine is proposed.  

Mater ia l  and methods. Male Sprague -Dawley  ra t s  weigh-  
ing 200 g were d i rec t ly  fed b y  s t o m a c h  t u b e  100 ~zCi of 
E1-CHa-14C] caffeine (specific a c t i v i t y :  24.0 {xCi/mg, New 
E n g l a n d  Nuclear) .  Ur ine  was col lected d u r i n g  the  48 h 
a f t e r  a d m i n i s t r a t i o n  and  i m m e d i a t e l y  frozen. The  ur ine  
samples  were t h e n  c h r o m a t o g r a p h e d  on  p r e p a r a t i v e  silica 
p la tes  (Merck, 2 m m  th ickness)  and  t he  1, 3, 7 - t r ime thy l -  
d ihyd rou r i c  acid isola ted a n d  pur i f ied  b y  c h r o m a t o g r a p h y  
w i t h  t he  fol lowing so lvents  : 1. Ch lo ro fo rm-me thano l  (4 : 1, 
v /v) ,  2. C h l o r o f o r m - a c e t o n e - b u t a n - l - o l - c o n c e n t r a t e d  am-  
m o n i u m  h y d r o x i d e  (3 : 3 : 4: 1, v /v) ,  3. Ch lo ro fo rm-meth -  
anol  (9:1 v/v) .  The  r ad iochemica l  p u r i t y  of the  [1-CH 3- 
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1~C] 1, 3 , 7 - t r i m e t h y l d i h y d r o u r i c  acid used for me tabo l i c  
s tudies  was  h ighe r  t h a n  99 .5% (counted  w i t h  a 2 H scan-  
ner,  Ber tho ld ) .  

The  c o m p o u n d  was  a d m i n i s t e r e d  by  s t o m a c h  t u b e  
(9 ~xCi, 3-4  m g / k g  b o d y  wt.)  to  3 r a t s  we igh ing  100 to 
150 g. E a c h  an ima l s  was  p laced in an  i nd iv idua l  me tabo l i c  
glass cage, a n d  14CO~, u r ine  and  faeces were collected.  

Results. Isolation o/ [ I-CH~-~C~ I, 3, 7-trimethy[di- 
hydrouric acid. The  inves t i ga t i on  of isolat ion t echn iques  
conf i rmed  t h e  i n s t a b i l i t y  of t he  1, 3, 7 - t r i m e t h y l d i h y d r o -  
ur ic  acid a t  h igh  t e m p e r a t u r e  1 b u t  t h in - l aye r  c h r o m a t o g -  
r a p h y  u n d e r  our  cond i t ions  p r o v e d  to be sui table .  T h e  
r ad ioac t ive  impur i t i e s  p re sen t  in  t he  c o m p o u n d  (Figure 
l a )  were caffeine, r e su l t i ng  f rom the  d e h y d r a t i o n  of 1, 
3, 7 - t r i m e t h y l d i h y d r o u r i c  acid, t r i m e t h y l a l l a n t o i n ,  m e t h -  

y lurea  and  a n  u n k n o w n  d e r i v a t i v e  called c o m p o u n d  3. 
These  las t  3 de r iva t i ve s  were n o t  comple t e ly  e l imina ted  
du r ing  pur i f i ca t ion  because  t h e y  h a v e  Rf  va lues  close to 
those  of 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  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 easi ly de tec ted  
in ur ine  by  i ts  UV-abso rp t i on ,  wh ich  showed  a b s o r p t i o n  
m a x i m a  a t  264 n m  for p H  2 (0.01 M HC1), 7 (0.02 M 
sod ium phospha t e )  a n d  11 (0.002 M NaOH)  an d  a t  268 n m  
f o r p H  1 (0.10 M HC1). These  m a x i m a  are ve ry  d i f fe rent  
f rom those  of m e t h y l x a n t h i n e s  a n d  m e t h y l u r i c  acids4 
a n d  are  cha rac t e r i s t i c  of th i s  compound .  

4 H. H. CORNISH, University Microfilms, Ann. Arbor, Michigan 27, 
765, p. 145. 

Fig. 1. a) Autoradiogram of 
[1-CH3-14C~ 1,3,7-trimethyldihy- 
drouric acid obtained after two- 
dimensional chromatography on 
silica plate with respectively the 
solvent (1) chloroform-methanol 
(4:1, v/v) and (2) chloroform- 
aeetone-butan-l-ol-concentrated 
ammonium hydroxide (3:3:4:1, 
v/v). 

b) Autoradiogram of radioactive 
compounds excreted in the urine 
after administration of [1-CH3-t4C] 
1,3,7-trimethyldihydrourie acid. 
Each urine sample was collected 
during 25 h and studied by mono- 
dimensional TLC on silica plates 
with the solvent chloroform- 
methanol (4:1, v/v). 
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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 

~) caffeine 

1 
r h e ~ b r o m i n e  

Paraxanthlne 

Theophyl l ine 

b) 
1.3,7-Trlmethyl 
dihydrouric acid 

i 1,3,7 Trimethyldihydrouric acid 

l 
1,3,7 Trimethyluric acid 

'1 ~ 3 Methyluric acid 

3,8,8 Trirnethyqallantoin 

\ 
(1,6,8-Trimethvlallantoic acidl 

\ 
(Glyoxylic acid) 
(M ethylu rea) 
(1,3-Dimethylurea) 

1,3,7-Triiethylu ric acid 

caffe'ne . . . . . . . .  - - "  Trimethy!al lantom 

Dhyll e Theobromine o ! in Methylurea 
1 3.D rnethylurea 

t 
~,3;Dirnethylu ric acid 

1,7-Dimethylu ric acid 

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 

A .  T C H E R N I T C H I N  and  X.  T C H E R N I T C H I N  

Laboratory o/Experimental Endocrinology, Department o/Experimental Morphology University o~ Chile Medical School, 
Casilla 21 lOd, Correo 21, Santiago (Chile), 9 February 1976. 

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-  


