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cleaning the  t issues,  a 20% (w/v) h o m o g e n a t e  of each 
t issue was p repa red  in iso-osmotic  sucrose wi th  the  help  
of P o t t e r - E l v e h j e m  homogenizer .  The f reshly  p repa red  
homogena te s  were used in the  exper iments .  The assay of 
choline and e than01amine kinase was as descr ibed earlier v. 
Results and discussion. The resul ts  ob ta ined  for the  l iver 
and  bra in  kinase act ivi t ies  in the  adul t  male and  female 
mouse,  and in the  gravid  animal ,  are given in the  table.  
There  was no sex-associa ted  difference in kinase act ivi t ies ,  
choline kinase and e thano lamine  kinase hav ing  near ly  the  
same ac t iv i ty  in the  male  and virgin mouse.  These  
f indings s tood out  in con t r a s t  to  the  obse rva t ion  t h a t  
hepa t ic  se r ine / th reonine  dehyd ra t a se  ac t iv i ty  in female 
ra t s  was 1/2 t h a t  in males s. P r egnancy  induced  a differen-  
t ial  effect  in t he  phosphory l a t i ng  ac t iv i ty  towards  choline 
and  e thanolamine .  E t h a n o l a m i n e  kinase was 117~o and 
80% higher  in the  liver and brain,  respect ively ,  of the  
p r e g n a n t  mouse  t h a n  in the  virgin, while the  choline 
kinase ac t iv i ty  was unal tered.  As a result ,  the  rat io of 
e thano lamine  kinase to choline kinase was a lmost  doubled  
in the  p r e g n a n t  animal.  Surpris ingly there  were no sex- 
associated differences and ges ta t ion- induced  changes  in 
choline and e thano l amine  phosphory l a t i ng  act ivi t ies  in 
the  male, virgin female and gravid  mouse k idney tissues. 
Solyom and Lau te r  9 found t h a t  the  specific ac t iv i ty  and 
en r i chmen t  of several  hepa t ic  p lasma m e m b r a n e  marke r  
enzymes  were s ignif icant ly  lower in the  female t h a n  male 

Choline and ethanolamine kinase activities in liver and brain of 
gravid- and virgin mice 

Choline kinase Ethanolamine Ratio (ethanol- 
kinase amine kinase/ 

units/mg protein choline kinase) 

Male Liver 0.032• 0.54=[_0.04 16.5 
Brain 0.043• 0.81• 18.8 

Virgin Liver 0.032• 0.60• 18.7 
Brain 0.041 ~0.003 0.86~0.08 21.0 

Gravid Liver 0.035-t-0.001 1.29i0.04 38.0 
Brain 0.044• 1.54• 35.0 

All animals were about 4-month-old. The gravid animals had con- 
ceived for the first time. The values reported are the mean of 8 
estimations with SD. 

rats .  The lipid compos i t ion  showed no comparab le  sex 
differences.  In  bra in  m e m b r a n e  fractions,  s imilar  sex 
difference in enzymat i c  ac t iv i t ies  did no t  exist .  P r e g n a n c y  
is a t t e n d e d  by  changes  in the  act ivi t ies  of a n u m b e r  of 
enzymes .  These are no t  Confined to the  p lacen ta  and  the  
m a m m a r y  gland bu t  ex t en d  to  o the r  t issues. D i a m a n t  and 
Shafr i r  x0 found ges ta t ion- induced  changes  in the  act ivi t ies  
of a n u m b e r  of hepa t ic  enzymes  of c a r b o h y d r a t e  and  lipid 
metabol i sm.  The p resen t  s tudies  suggest  t h a t  e thano lamine  
kinase, b u t  no t  choline kinase,  can be induced  by  the  
act ion of female sex hormones .  F u r t h e r  work  regard ing  
the  effect  of s teroid h o rmo n es  etc. is under  progress.  The 
increased e thano lamine  kinase ac t iv i ty  in the  p r e g n a n t  
an imal  m a y  be due to  increased ra te  of syn thes i s  of the  
enzyme or to a decreased ra te  of degrada t ion  or bo th .  
The increase in ac t iv i ty  under  the  stress of p r e g n a n c y  
suggested t h a t  phosphory la t ion  of e thano lamine  was a 
ra te - l imi t ing  action.  Assuming  t h a t  the  relat ive co n t en t  
of choline- and e thano lamine  phosphol ip ids  did no t  a l ter  
in pregnancy ,  it  would appea r  t h a t  e thano lamine  phospho-  
l ipids were b iosynthes ized  de novo, and choline phospho-  
lipids der ived the re f rom by  t r ansme thy la t i on .  The prefer-  
ent ia l  increase which occurred in e thano lamine  phos-  
phory la t ing  ac t iv i ty  in the  p r e g n a n t  an imal  also sug- 
gested,  as well as lent  s u p p o r t  to the  previous  f indings ~, 11 
t h a t  d i f ferent  pro te ins  ca ta lyzed  the  phosphory la t ion  of 
choline and e thanolamine ,  or t h a t  a co mmo n  enzyme 
ca ta lyzed  the  phosphory l a t i on  of the  2 bases in the  virgin, 
bu t  t h a t  a specific enzyme ca ta lyz ing  the  phosphory la t ion  
of e thano lamine  was induced under  the  physiological  s tress 
of pregnancy ,  i t  has long been a m a t t e r  of con t roversy  
whe the r  ' e thano lamine  kinase '  is a separa te  enzyme or 
choline kinase acts  on bo th  chol ine as well as e thanolamine .  
Now it seems qui te  convincing  f rom previous  ~,n and 
p resen t  f indings t h a t  ' e t hano l amine  kinase '  is a separa te  
enzyme,  and it can be l isted in the  official list as an en- 
zyme of its own. 

7 R .K.  Upreti, G. G. Sanwal and P. S. Krishnan, Archs. Bio- 
chem. Biophys. 174, 658 (1976). 

8 L. Goldstein, W. E. Knox and E. J. Behrman, J. biol. Chem. 
237, 2855 (1962). 

9 A. Solyom and C. J. Lauter, Biochim. biophys. Aeta 298, 743 
(1973). 

10 Y.Z. Diamant and E. Shefrir, Biochim. biophys. Acta 279, 424 
(1972). 

11 P.A. Weinhold and V. B. Rethy, Biochim. biophys. Aeta 276, 
143 (1972). 

Anomeric compositions of/D~glucose in ;tissues and blood of rat 

I. Miwa, K. M aeda l  and J. Okuda  

Department o/ Clinical Biochemistry, Faculty o[ Pharmacy, Meijo University, Tempaku-ku, Nagoya 468 (Japan), and 
Clinical Laboratory, Daini Red Cross Hospital of Nagoya, Showa-ku, Nagoya 466 (Japan), 9 August 1977 

Summary. The anomer ic  composi t ions  of D-glucose in the  liver, k idney,  hear t ,  blood and p lasma  of ra t  were de t e rmined  
by  our m e t h o d  for the  assay of D-glucose anomers  and the  percentages  of the  f l-anomer were found to be 61.8, 61.0, 
62.4, 62.7 and  62.9, respect ively.  

D-Glucose is known to exist  as an equi l ibr ium mix tu re  of 
its 2 anomers  in aqueous  solut ion;  36~o e-D-glucose and  
64% ~-D-glucose 2,3. Almos t  the  same anomer ic  com- 
posi t ion is also found in blood 4. The percen tages  of the  
e- and /%anomers of intracel lular  D-glucose, however ,  
could not  ye t  be de te rmined ,  main ly  due to technica l  
difficulties, inspi te  of its necess i ty  for the  s tudy  of the  
physiological  funct ion of D-glucose anomers .  

This paper  describes the  m e t h o d  for de te rmin ing  the  
anomer ic  composi t ions  of D-glucose in t issues and  blood 
samples,  and the  resul ts  ob ta ined  on the  liver, kidney,  
hear t ,  brain,  adipose tissue, blood and p lasma of rat .  
Materials and methods. Male Wis t a r  s t ra in  ra ts  weighing 
200 250 g were given free access to s t an d a rd  ra t  chow and 
t ap  water .  Ra t s  fas ted for 24 h before use were decapi-  
t a t e d  to bleed out  of t issues as much  as possible.  Blood 
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was Col lected in a t e s t - t u b e  mo i s t ened  w i t h  h e p a r i n  
solut ion,  cooled in ice and  s e p a r a t e d  to p l a s m a  a n d  
e r y t h r o c y t e s  f r ac t ions  b y  c e n t r i f u g a t i o n  a t  4~ The  
liver,  k idney ,  h e a r t ,  b r a i n  a n d  ad ipose  t issue were  qu ick ly  
r e m o v e d  off, a n d  t h e  t i ssues  and  b lood  samples  were  
i m m e d i a t e l y  f rozen in d r y  ice-acetone.  I t  t ook  on ly  
80 sec to  f in ish  t he  r e m o v a l  of t i ssues  a f t e r  decap i t a t i on .  
F rozen  t i ssues  (0.7-1.5 g) a n d  b lood  samples  ( a round  1 ml) 
were homogen i zed  in 20 vo lumes  of a n  ice-cold m i x t u r e  of 
ch lo ro fo rm a n d  m e t h a n o l  (10:1, v/v)  s u p p l e m e n t e d  w i t h  
10 ~1 of 0.2 lV[ raf f inose  (see below for  t he  r eason  of 
addi t ion)  w i t h  a P o l y t r o n  homogen ize r  (K inema t i ca ,  
Luzern ,  Swi tzer land) .  The  h o m o g e n a t e s  were cen t r i fuged  
a t  10,000 • g a n d  4~ for  5 min .  The  u p p e r  layer  (aqueous  
layer)  t h u s  o b t a i n e d  se rved  as a sample  so lu t ion  for t he  
assay  of D-glucose anomers ,  because  D-glucose in t he  
lower l ayer  (ch loroform layer)  was  on ly  less t h a n  2% of 
t he  t o t a l  D-glucose w h e n  d e t e r m i n e d  w i t h  D-[I~C(U)]- 
glucose (New E n g l a n d  Nuclear ,  Bos ton ,  USA)  as a t racer ,  
i.e. D-glucose in t i ssues  a n d  b lood  samples  was a l m o s t  
en t i r e ly  e x t r a c t e d  in t he  aqueous  layer .  T he  as say  of 
D-glucose a n o m e r s  in sample  so lu t ions  was car r ied  o u t  
b y  our  methodS,  5 us ing  #-D-glucose oxidase  (]/-D- 
g lu cose :oxygen  ox idoreduc tase ,  EC 1.1.3.4), m u t a r o t a s e  
(aldose 1-epimerase,  EC 5.1.3.3), a n d  a n  oxygen  e lec t rode  
w i t h i n  30 min  a f t e r  t he  p r e p a r a t i o n  of sample  solut ions .  
I n  t he  p r e sen t  assay,  a sample  so lu t ion  was added  to t he  
buf fe r  so lu t ion  in a v ia l  p r io r  to  t he  a d d i t i o n  of //-D- 
glucose oxidase.  The  p r inc ip le  of th i s  a s say  was t h a t  
/ /-D-glucose in t he  sample  was oxidized w i t h  t h e  con-  
s u m p t i o n  of oxygen  (referred as A), e-D-glucose r e m a i n i n g  
in t h e  so lu t ion  was  c o n v e r t e d  to  E-D-glucose b y  add i t i on  
of m u t a r o t a s e  wi th  s u b s e q u e n t  c o n s u m p t i o n  of oxygen  
(referred as B) and  c o n s e q u e n t l y  t he  pe rcen t ages  of t h e  e 
a n d  fl anomer s  of D-glucose can  be d e t e r m i n e d  as 
100B/A + B a n d  100A/A + B, respect ive ly .  T he  v o l u m e  
of t he  sample  so lu t ion  was 10 izl for l iver  a n d  50 izl for 
k idney ,  hea r t ,  b ra in ,  adipose  t issue,  blood,  a n d  p l a sma .  
The  t o t a l  v o l u m e  of t he  aqueous  layer  wh ich  is needed  
for t h e  ca l cu la t ion  of D-glucose a m o u n t  in t i ssues  a n d  
b lood was d e t e r m i n e d  b y  t he  d i lu t ion  analys is  us ing  
raff inose  as a wa te r - so lub le  t racer .  Raf f inose  was assayed  
b y  t h e  m e t h o d  of Roe  e t  al.e. 
Results and discussion. T he  d i f f icu l ty  in a s say ing  D- 
glucose a n o m e r s  in t i ssues  a n d  cells was  t h o u g h t  to  be  
m a i n l y  due  to  t he  r ap id  m u t a r o t a t i o n  of D-glucose in 
homogena te s ,  to  t he  d i lu t ion  of cell f luid ( con ta in ing  
D-glucose) on  h o m o g e n i z a t i o n  and  to t he  p resence  of 
D-g lucose- forming  a n d  D-g lucose -consuming  enzymes .  
I n  o rder  to  ove rcome  these  p rob lems ,  we dev ised  a 
u n i q u e  t r e a t m e n t  of t i ssues  which  cons is ted  of r ap id  

f reezing of t i ssues  fol lowed b y  h o m o g e n i z a t i o n  in a 
m i x t u r e  of ch lo ro fo rm a n d  m e t h a n o l .  T h e  usage of 20 
vo lumes  (per g wet  wt)  of a m i x t u r e  cons i s t ing  of 10 
vo lumes  of ch lo ro fo rm a n d  1 v o l u m e  of m e t h a n o l  was  
chosen  as t h e  be s t  m e t h o d .  I t  was  conf i rmed  t h a t  t h e  
fol lowing in t e r f e r ing -p ro te ins  a n d  -enzymes  were dena-  
t u r e d  b y  th i s  t r e a t m e n t ;  m u t a r o t a s e  (accelerate  t he  
m u t a r o t a t i o n  of D-glucose anomers) ,  ca ta l a se  (decompose 
h y d r o g e n  perox ide  to  oxygen  a n d  water ) ,  h e m o g l o b i n  
(bind w i t h  oxygen) ,  h e x o k i n a s e  and  g lucose-6-phospha-  
tase.  The  m u t a r o t a t i o n a l  r a t e  of D-glucose was found  to  
be cons ide rab ly  s lower in  a sample  so lu t ion  which  was 
o b t a i n e d  f rom the  h o m o g e n a t e  of k i d n e y  (1.2 g) supple-  
m e n t e d  w i t h  20 ~zl of 50 m g / m l  e-D-glucose,  i.e. t h e  
pe rcen t ages  of / /-D-glucose in t he  sample  so lu t ion  j u s t  
a f t e r  i t s  p r e p a r a t i o n  a n d  a t  1 h a f t e r  t h a t  were 51.2 a n d  
52.1, respec t ive ly .  A n o t h e r  a d v a n t a g e  of th i s  t r e a t m e n t  
was t h a t  D-glucose in t i ssues  was c o n c e n t r a t e d  in smal l  
q u a n t i t i e s  of t he  aqueous  layer ,  i.e. t he  vo lume  of t h e  
aqueous  layer  was  0.65-0.75 ml  for l iver,  0.86-0.95 ml  
for hea r t ,  0 .98-1.07 ml  for k idney ,  0.82-0.93 ml  for 
b lood a n d  1.30-1.43 ml  for p l a s m a  w h e n  1 g of each t i ssue  
or 1 m l  of b lood a n d  p l a s m a  was  used. 
The  anomer i c  compos i t ions  a n d  t o t a l  a m o u n t s  of D- 
glucose in t i ssues  and  b lood  samples  are s u m m a r i z e d  in 
t he  t ab le .  These  anomer i c  compos i t i ons  were nea r  to  
m u t a r o t a t i o n a l  equ i l i b r ium,  b u t  h a d  a s ign i f ican t  
t e n d e n c y  to be  a b u n d a n t  in t he  e anomer .  Since b o t h  
whole  b lood a n d  i ts  p l a s m a  showed a l m o s t  the  same  
anomer i c  compos i t ions ,  D-glucose a n o m e r s  in e ry th ro -  
cy tes  would  atso occur  n e a r l y  a t  those  compos i t ions .  
S t a t i s t i c a l  ana lys i s  was  pe r fo rmed  b y  m e a n s  of t he  
S t u d e n t ' s  t - tes t .  Since some v o l u m e  of b lood is c o n t a i n e d  
in t i ssues  inspi re  of t h e  b leed ing  caused  b y  decap i t a t ion ,  
b lood D-glucose forms  a p a r t  of D-glucose found  in 
t issues.  Blood D-glucose,  however ,  was supposed to be  
less t h a n  5% of t o t a l  D-glucose e x t r a c t e d  f rom tissues.  
Therefore ,  t he  va lues  of t he  anomer ic  compos i t ions  of 
D-glucose in t i ssues  l is ted in t he  t ab le  would  be rough ly  
e q u i v a l e n t  to  t h a t  in  i n t r ace l lu l a r  f luid of t issues.  
I t  was  r epo r t ed  t h a t  / /-D-glucose was more  r ap id ly  
t r a n s p o r t e d  t h a n  e-D-glucose in to  var ious  cells and  t i ssues  
s tud ied  h i the r to ,  e.g. h u m a n  e r y t h r o c y t e s  r, Eh r l i ch  
asci tes  t u m o r  cells s, r a t  p a n c r e a t i c  islets~, r a t  r e t i n a  10, 
and  r a t  b ra in  slices m, so t he  pe rcen t ages  of /%D-glucose 
in t i ssues  a n d  e r y t h r o c y t e s  were expec t ed  to be la rger  
t h a n  t h a t  in equ i l ib r ium D-glucose.  The  p r e sen t  f indings,  
c o n t r a r y  to an t i c ipa t ion ,  could  be  due  to t h e  in t r ace l lu la r  
p re fe ren t i a l  p h o s p h o r y l a t i o n  of fl-D-glucose b y  hexo -  
k inase  wh ich  was sugges ted  b y  our  p r e l i m i n a r y  exper i -  
men t .  

Anomerie compositions and total amounts of D-glucose in rat tissues 
and blood samples 

Tissue and No. of ~-D- fl-D- Total D-glucose 
blood sample experiment Glucose s Glucose �9 ([zg/g wet wt) 

(%) (%) 

Liver 7 38.24-0.53 61.8i0.53 b 14904-571 
Kidney 7 39.04-0.83 61.0+0.83 b 3374- 56 
Heart 7 37.64-0.35 62.44-0.35 b 4014- 70 
Brain 3 NA NA Trace 
Adipose 
tissue 3 NA NA Trace 
Whole blood 5 37.34-0.74 62.7i0.74c 644- 3 a 
Plasma 5 37.14-0.57 62.9-b0.57~ 674- 4 a 

The percentages of the e- and fl-anomers of equilibrium D-glucose 
were 35.6 • 0.36 and 64.4 -4- 0.36 (mean 4- SD, 7 determinations), 
respectively. -Mean 4- SD; bp < 0.001, *p < 0.01 when compared 
to the values of equilibrium D-glucose; amg/dl; NA, not analyzed; 
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The anomer ic  compos i t ions  of D-glucose in sample  
solut ions became  a lmos t  the  same as the  values  (35.6% e, 
64.4 % fl) of equi l ibr ium D-glucose in all cases o{ tissues, 
and  blood samples  af ter  sample  solut ions were kep t  for 
24 h a t  room t e m p e r a t u r e  (20~ to cause D-glucose to 
m u t a r o t a t e  complete ly .  This  resul t  suppor t s  the  accuracy  
of the  pe rcen tage  values  in the  table  ob ta ined  on fresh 
sample  solutions.  

Our color imetr ic  m e t h o d  ~2 for de te rmin ing  D-glucose 
anomers  was t e s t ed  ins tead  o f  the  p re sen t  oxygen  
e lect rode me thod ,  b u t  it  was no t  uti l izable for th is  s t u d y  
because of the  in ter ference  of color d e v e l o p m e n t  by  
reducing subs tances  con ta ined  ill sample  solutions.  

12 J. Okuda, I. Miwa, K. Maeda and K. Tokui, Carbohyd. Res. 
58, 267 (1977). 
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Summary. The influence of Na pen toba rb i t a l  anes thes ia  on the  ac t iv i ty  of specific and  nonspecif ic  chol ines terase  was 
s tudied  in the  synap tosoma l  f ract ion of Mongolian gerbils '  brains.  These s tudies  have  shown t h a t  this  b a r b i t u r a t e  
inhibi ts  the  specific ac t iv i ty  of ace ty lchol ines terase  only. 

Barb i tu ra t e  reduc t ion  of e i ther  specific or nonspecif ic  
chol inesterase  was no t  observed in ear ly  pos tanes the t i c  
period a l though  high concen t ra t ions  of phenoba rb i t a l  
were descr ibed to inhibi t  in vi t ro  the  hydro lys is  of 
acetylchol ine  in ra t  brain1 and in vivo s tudies  to raise 
the  acetylchol ine  level in ra ts  and  cats  2. In  th is  communi -  
ca t ion we will describe a t r ans i en t  effect  of pen toba rb i t a l  
on the  ac t iv i ty  of acetylchol ines terase  in synap tosoma l  
f ract ion of Mongolian gerbi l ' s  brain.  
The gerbils (50-75 g) were anes the t ized  by  i.p. Na pen to -  
barb i ta l  inject ion (20 mg/kg  b. wt) and killed a t  var ious 
in tervals  f rom 90 rain to 1 week following the  t r e a t m e n t .  
Each  group consis ted of 6 12 exper imen ta l  and  contro l  
animals.  Af ter  decap i ta t ion  the  bra ins  were r emoved  
quickly and t ransfer red  immedia te ly  in 0.32 M sucrose 
a t  p H  7.0. The synap tosoma l  f ract ion was p repa red  
according to the  me thod  of W h i t t a k e r  and Barke r  a. 

Acety lchol ines terase  ( A c h e  EC 3.1 1.7) ac t iv i ty  was 
assayed in 100 ~xl a l iquots  of the  f ract ion by  spec t ropho to -  
met r ic  me t h o d  of E l lman  et  al. using acetylchol ine  as 
subs t ra te  and t e t r a i s o p r o p y l - p y r o p h o s p h o r a m i d e  for 
inhibi t ion of pseudochol ines te rase  4. Bu tyry lcho l ines te rase  
ac t iv i ty  was assayed by  the  same m e t h o d  b u t  using 
bu tyry lcho l ine  (BUTCH) as subs t ra te .  
The ace ty lchol ines terase  was the  only enzyme affected 
by  the  p en t o b a rb i t a l  anesthesia .  The ac t iv i ty  of th is  
enzyme was 27% lower in the  exper imen ta l  t h a n  incon t ro l  
bra ins  90 min af ter  t r e a t m e n t .  The reduct ion  was t r ans i en t  
since the  ace ty lchol ines terase  ac t iv i ty  r e tu rned  to a lmos t  
normal  levels a t  150 rain. No signif icant  changes  of 
chol ines terase  or bu ty ry lcho l ines te rase  ac t iv i ty  were seen 
be tween  the  anes the t i zed  and control  animals  (see figure 
and table).  These f indings are di f ferent  f rom the  ones 
descr ibed by  Vernadakis ,  who observed a ma rk ed ly  

. E  

"6 
E 

b- 

o 

c 

~r 

.1:: 

% 

o L 

0.1 

AChE ,~ , /~--. 

BuChE 
,!r �9 I / - 4  

60 90 1 0 270rain 24h 1week 

1 F. Bernheim and M. L. C. Bernheim, J. Pharmac. exp. Ther. 57, 
427 (1936). 

2 K.A.C. Elliot, R. L. Swank and N. Henderson, Am. J. Physiol. 
762, 469 (1950). 

3 V.P. Whittaker and I. A. Barker, in: Methods of Neurochemistry, 
vol. 11, p. 2. Ed. F. Raines. Marcel Dekker, New York 1972. 

4 G.L. Ellmann, K. D. Courtney, V. Andres and R. M. Feather- 
stone, Biochem. Pharmac. 7, 88 (1961). 

Specific and nonspecifie cholinesterase activity 

Projection 
Time AChE ChE BuChE 

Control 2.518 ~_ 0.050 ++ 9.428 ~_ 0.475 0.141 ~ 0.009 
90 min 2.090 ~- 0.083* 9.432 ~ 0.396 0.159 i 0.006 

150 rain 2.356 ~_ 0.080 8.745 =t_ 0.350 0.144 ~_ 0.014 
270 min 2.398 ~_ 0.076 8.673 ~- 0.180 0.157 -t= 0.016 
24 h 2.455 ~: 0.012 9.150 ~- 0.270 0.156 ]c 9.011 
7 days 2.493 ~- 0.050 9.316 ~- 0.056 0.145 -~ 0.0093 

The points represent mean values of 6 12 experiments described in *p < 0.01; ++means i SE of 10 -4 moles substrate hydrol./i,,in/mg 
the text. The exact numbers with MEM are illustrated in the table, protein. 


