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Elevated Kidney Glucosyltransferase Activity in Genetic Prediabetic Mice 
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Summary .  G l u c o s y l t r a n s f e r a s e  a c t i v i t y  in  t h e  r e n a l  c o r t e x  of  g e n e t i c  d i a b e t i c  K K  m i c e  w a s  s i g n i f i c a n t l y  i n c r e a s e d  a t  
40 d a y s  of age  w h e n  c o m p a r e d  t o  t h a t  of  S wi s s  a l b i n o  a n d  F 1 h y b r i d  mice .  T h i s  i n c r e a s e  in  e n z y m e  a c t i v i t y  in  t h e  
a b s e n c e  of  g l u c o s e  i n t o l e r a n c e  c a n  be  r e g a r d e d  as  a n  ea r l i e r  g e n e t i c  m a r k e r  for  t h e  d i a g n o s i s  of  d i a b e t i c  m i c r o a n g i o p a t h y .  

I n  r e c e n t  y e a r s ,  t h e  i m p o r t a n c e  of  g e n e t i c s  in  d i a b e t e s  
m e l l i t u s  h a s  b e e n  wel l  a p p r e c i a t e d .  P e r s o n s  w i t h  a f a m i l y  
h i s t o r y  of d i a b e t e s  m e l l i t u s  w e r e  f o u n d  to  h a v e  n o t  o n l y  
h o r m o n a l  d e r a n g e m e n t  2, ~ b u t  a lso  h y p e r t r o p h y  of  t h e  m u s -  
cle c a p i l l a r y  b a s e m e n t  m e m b r a n e s  4, 5. T h e s e  a b n o r m a l i t i e s  
b e c o m e  m a n i f e s t  b e f o r e  t h e s e  i n d i v i d u a l s  d e v e l o p  c a r b o -  
h y d r a t e  i n t o l e r a n c e  (gene t i c  p r e d i a b e t i c s ) .  A l t h o u g h  t h e  
h o r m o n a l  d e r a n g e m e n t  is less  c o n s i s t e n t  a n d  v a r i e s  f r o m  
p e r s o n  to  p e r s o n ,  a m u c h  m o r e  c o n s i s t e n t  d e f e c t  a p p e a r s  
to  be  t h e  t h i c k e n i n g  of  t h e  m u s c l e  c a p i l l a r y  b a s e m e n t  
m e m b r a n e .  F o r  t h e s e  r e a s o n s ,  t h e  c a p i l l a r y  b a s e m e n t  
m e m b r a n e  h y p e r t r o p h y  h a s  b e e n  c o n s i d e r e d  a l i ke ly  ge-  
n e t i c  m a r k e r  for  d i a b e t e s  m e l l i t u s 6 .  

B i o c h e m i c a l  s t u d i e s  h a v e  s h o w n  t h a t  b a s e m e n t  m e m -  
b r a n e s  a r e  g l y c o p r o t e i n  in  n a t u r e  ~, s. I n  r e c e n t  y e a r s ,  t h e  
n a t u r e  of  t h e  g l o m e r u l a r  b a s e m e n t  m e m b r a n e s  h a s  b e e n  
t h e  s u b j e c t  of  s e v e r a l  i n v e s t i g a t i o n s ,  b o t h  in  n o r m a l  a n d  
d i a b e t i c  s t a t e s .  SPIRO a n d  SPIRo 9 r e p o r t e d  a s i g n i f i c a n t  
i n c r e a s e  in  k i d n e y  g l u c o s y l t r a n s f e r a s e  a c t i v i t y  of  a l l o x a n -  
d i a b e t i c  r a t s .  T h i s  e n z y m e  f a c i l i t a t e s  t h e  a t t a c h m e n t  of  
g l u c o s e  t o  h y d r o x y l y s i n e - l i n k e d  g a l a c t o s e  t o  c o m p l e t e  t h e  
d i s a c c h a r i d e  u n i t s  of  t h e  b a s e m e n t  m e m b r a n e .  T h e  p r e -  

Table I. Response of blood glucose to oral glucose load and glucose 
area in Swiss albino (SA) F 1 hybrid and KK mice at 38 days of age 
after an 18-h fast 

Mice N 0 

Blood glucose (rag/100 ml) 
Glucose area 

Time after glucose load (rain) (mg/h/100 ml) 

30 60 120 

SA 5 68:~4 303~8 292~6  182• 479J214 
F 1 5 68:t_1 287• 295•  275@9 519• 
KK 5 6 9 ~ 3  304~=9 303-[-6 233• 503• 

Values shown are means • SE. 

Table II. Kidney glucosyltransferase activity in Swiss albino (SA), 
F 1 hybrid and KK mice at 40 days of age 

Mice N Enzyme activity 
(cpm/mg protein) 

SA 5 2319jz255 
F 1 5 2933• 
KK 5 3808i253  

Significance p 
SA vs. KK:  <0.005 
SA vs. F I <0.1 
KK vs. F 1 <0.02 

Values shown are means ~ SE. 

s e n t  r e p o r t  d e s c r i b e s  t h e  g l u c o s y l t r a n s f e r a s e  a c t i v i t y  in  
t h e  r e n a l  co r t i ce s  a n d  i t s  r e l a t i o n s h i p  to  b l o o d  s u g a r  l eve l s  
of  n o r m a l  c o n t r o l  Swis s  a lb ino ,  g e n e t i c a l l y  d i a b e t i c  K K  
a n d  t h e i r  F 1 h y b r i d  mice .  

Mater ia l  and methods. T h e  Swiss  a l b i n o  (SA) a n d  K K  
m i c e  h a v e  b e e n  i n b r e d  in  o u r  l a b o r a t o r y  for  30 a n d  40 
g e n e r a t i o n s ,  r e s p e c t i v e l y .  Ma le  K K  a n d  f e m a l e  S A  m i c e  
we re  m a t e d  a n d  t h e  o f f s p r i n g  we re  c o n s i d e r e d  F 1 h y b r i d s .  
Al l  m i c e  we re  m a i n t a i n e d  u n d e r  s i m i l a r  l a b o r a t o r y  c o n d i -  
t i o n s  a n d  fed  t h e  Old  G u i l f o r d  m o u s e  c h o w  a d  l i b i t u m .  

T h e  m i c e  we re  sac r i f i ced  a t  40 d a y s  of age  b e t w e e n  
10.00 h a n d  12.00 h .  T h e y  we re  f a s t e d  for  18 h w i t h  f ree  
a cce s s  to  w a t e r .  Ora l  g l u c o s e  t o l e r a n c e  t e s t s  we re  p e r f o r m e d  
a t  38 d a y s  o f  age .  B l o o d  w a s  d r a w n  f r o m  t h e  o r b i t a l  p l e x u s .  
A f t e r  co l l e c t i ng  t h e  f a s t i n g  b l o o d  s a m p l e  for  g l u c o s e  d e t e r -  
m i n a t i o n ,  t h e  m i c e  we re  g i v e n  3 g / k g  of g l u c o s e  b y  a gas -  
t r i c  c a t h e t e r ,  a n d  t h e  s u b s e q u e n t  s a m p l e s  we re  co l l ec t ed  
a t  30, 60 a n d  120 m i n .  F o r  t h e  d e t e r m i n a t i o n  of g l u c o s y l -  
t r a n s f e r a s e  a c t i v i t y ,  t h e  m i c e  we re  sac r i f i ced  on  t h e  4 0 t h  
d a y  u n d e r  l i g h t  e t h e r  a n e s t h e s i a .  K i d n e y s  were  i so l a t ed ,  
co r t i c e s  s e p a r a t e d  a n d  h o m o g e n i z e d  in  0.15 M Tris-  ace-  
t a t e  buf fe r ,  p H .  6.8, c o n t a i n i n g  0 .002 M 2 - m e r c a p t o e -  
t h a n o l .  T h e  h o m o g e n a t e s  were  c e n t r i f u g e d  a t  10,000 • g 
for  20 m i n ,  a n d  t h e  s u p e r n a t a n t  w a s  u s e d  as  t h e  e n z y m e  
sou rce .  B l o o d  g l u c o s e  w a s  d e t e r m i n e d  b y  t h e  f e r r i c y a n i d e  
m e t h o d  of  H o f f m a n  on  t h e  T e c h n i c o n  A u t o a n a l y z e r .  G lu -  
cose  a r e a s  we re  c a l c u l a t e d  b y  t h e  m e t h o d  of CHILES a n d  
TZAGOURNIS 1~ G l u c o s y l t r a n s f e r a s e  a c t i v i t y  w a s  a s s a y e d  
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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 
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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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