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an acetate (VII, mp 212-215 °, IR 1777, 1658, 1640 cm -1, 
1WMR 2.398 (CHACO), 7.868 (Ca-H)) (lit.t mp 210°). The 
spectral properties of the synthetic samples II,  VI and 
VII  were superimposable upon those recorded earlier 2 for 
natural  toxicarol isoflavone and its derivatives. 

Zusammen]assung. Die Synthese yon Toxicarot Isofla- 
yon (2", 2"-Dimethylpyrano(6", 5": 7, 8)-5-hydroxy-2', 4' 
5"-trimethoxyisoflavon) aus 2, 2-dimethyl-5-hydroxy-7- 
methoxychroman wird beschrieben. 
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Different  R e s p o n s e  of  A d e n i n e  N u c l e o t i d e  S y n t h e s i s  de n o v o  in K i d n e y  and  B r a i n  D u r i n g  A e r o b i c  
R e c o v e r y  f r o m  A n o x i a  a n d  I s c h e m i a  

Anoxia or ischemia causes in various mammalian  
tissues a substantial  loss of nucleotides due to dephospho- 
rylation and further degradative processes ~,2 In  order to 
clarify whether the different abilities of organs to recover 
functionally from anoxia or ischemia are related to their 
capability to restore normal nucleotide levels, studies of 
the post-anoxic o r  post-ischemic synthesis de novo of 
adenine nucleotides were performed on kidney and brain. 
These two organs are known to exhibit very pronounced 
differences with respect to their potency of post-anoxic 
recovery. 

Material and methods. In  a first series of experiments 
slices of kidney and brain cortex of rats were incubated 
anaerobically in Krebs-Ringer-bicarbor~ate medium con- 
taining 0.25 mM glycine (preparation of slices, conditions 
of incubation and composition of the medium seeS). After 
30 min of anaerobic incubation (95% Na-5% CO~) the 
slices were allowed to recover aerobically (95~/o O2-5~o 
CO2) for 60 min. During this period the synthesis de novo 
of adenine nucleotides (ATP, ADP, AMP) was determined 
by measuringtheincorporati0n of 2-~4C-glycine (0.7 ~Ci/ml 
medium) into the adenine ring of the nucleotides (me- 
thodical details see3). Slices incubated only aerobically 
bu t  otherwise treated alike served as controls. 

A second series of experiments was performed in vivo 
on kidney and brain of ether anesthetized rats respirated 
artificially. Unilateral renal ischemia (30min) was 
achieved by  ligation of the a. renalis, brain ischemia 
(20 min) by ligation of all arteries originating from the 
arcus aortae. 30 rain after re-establishment of the cir- 
culation, a period sufficient for the elution into the blood 
of protein and nucteotide degradatives accumulating 
during ischemia, the animals were exposed for 60 rain to 
x.v. injected 1-~4C-glycine (25 vCi/100 g body weight), the 
incorporation of which into adenine nucleotides of kidney 
and brain was measured. Control values were obtained 
from sham-operated animals. 

In  both series of experiments, the tissues were quickly 
frozen in liquid nitrogen. Preparation of HC104 extracts, 
quant i ta t ive determination of ATP, ADP and AMP and 
measurements of the total radioactivity of adenine nucleo- 
tides were done according to methods already described 1.3 
Glycine was quanti tated using a distillation procedure 4. 
The radioactivity of glycine was measured either in an 
aliquot of the distillate (experiments with 2-14C-glycine) 
or in a portion of the eluate containing the purified gly- 
cine after its isolation by column chromatography ~ (ex- 
periments with 1-x4C-glycine). 

The rates of biosynthesis de novo of adenine nucleotides 
were calculated by relating the total  radioactivity of 
adenine nucleotides, which results only from the incor- 
poration of radioactive glycine during the de novo-forma- 
tion of the purine ring, to the mean specific activity (MSA) 
of the tissue glycine precursor pool. MSA values were 
computed in each experiment from the specific activities 
of the tissue glycine always determined after 60 rain of 
exposure to labelled glycine, and a correction factor ob- 
tained from special kinetic studies on the time dependent 
changes of the specific activities of the tissue glycine 
(Figures 1 and 2). 

1 E. GERLACH, B. DEUTICKE, R . H .  DREISBACH and C .W.  ROSA- 
RFUS, Pflfigers Arch. ges. Physiol. 278, 296 (1953). 

2 B. DEUTICKE, E. GERLACH and R. D~ERKESMAN~¢, Pftiigers Arch. 
ges. Physiol. 292, 239 (1966), 
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Fig. 1. Time course of the changes of the specific activities of glycine 
(dpm/ptmole) in slices of kidney and brain cortex during 60 rain of 
aerobic incubation. The medium contained 0,25 M glyeine and 0.7 ~Ci 
2-14C-glycine/ml, Due to the ratio of slices to medium (1:24, w/v) 
glycine radioactivity in the medium remained fairly constant over 
the incubation time. Mean specific activities of glycine (MSA) for the 
period of 60 min (horizontal broken lines) were calculated dividing the 
planimetrieally determined areas below the curves by the incubation 
time. MSA of glycine thus obtained divided by the specific activity of 
glyeine after 60 min of exposure yields the correction factor, which 
was used in order to calulate the MSA values of glycine in all the other 
in vitro-experiments. 

Resul ts  and  discussion.  I n  T a b l e  I d a t a  a r e  s u m m a r i z e d  
c o n c e r n i n g  t h e  r a t e s  of  a d e n i n e  n u c l e o t i d e  s y n t h e s i s  de  
n o v o  in  k i d n e y  a n d  b r a i n  t i s sue .  F r o m  t h e s e  f i g u r e s  i t  b e -  
c o m e s  e v i d e n t  t h a t  d u r i n g  p o s t - a n o x i c  a n d  p o s t - i s c h e m i c  
r e c o v e r y  n u c l e o t i d e  s y n t h e s i s  de  n o v o  is c o n s i d e r a b l y  en -  
h a n c e d  in  k i d n e y  t i s sue ,  b u t  r e m a i n s  a l m o s t  u n c h a n g e d  in  
b r a i n  t i s sue .  C o m p a r e d  to  t h e  c o r r e s p o n d i n g  c o n t r o l  v a -  
lues,  t h e  r a t e s  of  n u c l e o t i d e  s y n t h e s i s  i n c r e a s e  m o r e  t h a n  
2-fold in  k i d n e y  s l ices  a n d  a l m o s t  10-fold in  t h e  k i d n e y  in  
vi.vo. T h e s e  r e s u l t s  c a n  be  c o n s i d e r e d  to  r e f l e c t  t h e  a c t u a l  
s t a t u s  of  n u c l e o t i d e  m e t a b o l i s m  in  t h e s e  o r g a n s ,  s i n c e  
a n o x i a  o r  i s c h e m i a  i n d u c e d  c h a n g e s  of  s ize  a n d / o r  o f  r a d i o -  
a c t i v i t y  o f  t h e  t i s s u e  g l y c i n e  p r e c u r s o r  poo l ,  w h i c h  w o u l d  
l e a d  to  e r r o n e o u s  v a l u e s  fo r  t h e  c a l c u l a t e d  r a t e s  o f  n u c l e o -  
t i d e  s y n t h e s i s ,  d o  n o t  o c c u r  ( Tab l e  I I ) .  A c c o r d i n g  t o  t h e  
d a t a  in  T a b l e  I I ,  c o n c e n t r a t i o n s  a n d  m e a n  spec i f i c  a c t i v i -  
t i e s  of  g lyc ine  a r e  m u c h  h i g h e r  in  b r a i n  s l ices  t h a n  in  t h e  
b r a i n  in  v ivo ,  i n d i c a t i n g  a n  i n t e n s i f i e d  a c c u m u l a t i o n  of  
g lyc ine  in  t h e  i so l a t ed  t i s sue ,  in  w h i c h  t h e  a c c e s s i b i l i t y  t o  
g lyc ine  is n o t  l i m i t e d  b y  t h e  b l o o d  b r a i n  b a r r i e r .  

T h e  g r e a t l y  i n c r e a s e d  de  n o v o - f o r m a t i o n  of  a d e n i n e  
n u c l e o t i d e s  in  k i d n e y  d u r i n g  p o s t - a n o x i c  a n d  p o s t - i s c h e -  
m i c  r e c o v e r y  c a n  b e  e x p l a i n e d  b y  t h e  r e l e a se  of  t h e  a d e n i n e  
n u c l e o t i d e  d e p e n d e n t  f e e d b a c k  i n h i b i t i o n  of  p u r i n e  b io -  
s y n t h e s i s  d e  n o v o  8, s ince  t h e  c o n c e n t r a t i o n s  of  A T P ,  
A D P  a n d  A M P  b e c o m e  c o n s i d e r a b l y  d i m i n i s h e d  d u r i n g  
a n a e r o b i c  i n c u b a t i o n  o r  i s c h e m i a  a n d  r e m a i n  s t i l l  on  a 
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Fig, 2. Time course of the changes of the specific activities of glycine 
(dpml~mole) in lddney and brain in v ivo under normoxic conditions 
during 60 rain exposure of rats to i.v. injected radioactive glycine 
(25f~Ci 1-1*C-glycine]100 g body weight), The exponential decrease 
of the specific activity of the tissue glycine is mainly due to an inten- 
sive metabolic utilization of glycine, For details of calculation of the 
MSA of glyeine and of the correction factor used for the determina- 
tion of the MSA values of glycine in all thc other in vivo:experiments 
see legend to Figure 1. 

Table I. Rates of adenine nueleotide synthesis de novo (nmoleslg/h) 
in kidney and brain in vitro (slices) and in vivo under normoxic con- 
ditions and during post-anoxic or post-isehemie recovery 

In vitro In vivo 

Normoxia Post-anoxic Normoxia Post-ischemic 
recovery recovery 

Kidney 226.9 500.4 • 107.6 953.0 b 
4- 26.1 4- 114.8 4- 16.1 4- 179.8 
(n 6) (n 5) (n 6) (n 5/ 

Brain 13.3 12,9 33.3 38.7 
4- 1,5 :t: 1.2 4- 3.8 4-  9.6 
(n 8) (n 9) (n 4) (n 4) 

Mean v a l u e s ~  SEM; n, number of experiments. = P < 0.05; 
b p < 0.0025. 

e j .  F. HEr~D~RSON, M. K. Y. Knoo, J. biol. Chem. 2,10, 3104 (1965). 

Table II. Intracellular concentrations and MSA values of glycine in kidney and brain in vitro (slices) and in vivo under normoxic conditions 
and during post-anoxic and post-ischemic recovery 

In vitro In vivo 

n fxmoles/g M SA n ~tmoles/g M SA 
(10-*dpm/ptmole) ( I0-* dpml~mole) 

Kidney Normoxia 6 2.17 -b 0.29 31.55 4- 4.82 6 3.08 4- 0,13 8.40 4- 0,77 
Recovery 5 2.94 4- 0.40 25.90 -4- 5.14 5 3,13 4- 0.12 7.98 4- 0.75 

Brain Normoxia 8 9.02 4- 0.61 135.30 4- 7.98 4 2.60 :E 0.25 0.78 4- 0.11 
Recovery 9 7.97 4- 0.60 123.27 4- 6.69 4 2.67 4- 0.28 0.90 4- 0.10 

The glycine concentrations were measured 60 rain after application of labelled glycine. For calculation of MSA of glycine see methods and 
legends to Figures 1 and 2. Mean values 4- SEM; n, number of experiments. 
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r educed  level  d u r i n g  t h e  s u b s e q u e n t  r ecove ry  pe r iod  of 
60 min .  A s imi la r  m e c h a n i s m  seems to  be also respons ib le  
for t he  h ighe r  r a t e  of nuc leo t ide  f o r m a t i o n  in  ae rob ica l ly  
i n c u b a t e d  k i d n e y  slices as c o m p a r e d  to  t h e  n o r n m x i c  kid-  
ney  in  vivo.  Th i s  conc lus ion  is based  on  ou r  p r e s e n t  a n d  
fo rmer  f ind ings  ~, a cco rd ing  to  wh ich  t h e  c o n c e n t r a t i o n  of 
a d e n i n e  nuc leo t ides  in  k i d n e y  slices i n c u b a t e d  ae rob ica l ly  
a m o u n t s  on ly  to  a b o u t  50% of t h a t  in  t h e  n o r m o x i c  k id-  
ney  in  vivo.  

A l t h o u g h  in  b r a i n  t i ssue  too, t he  c o n c e n t r a t i o n s  of ade-  
n ine  nuc leo t ides  decrease  r e m a r k a b l y  due  to  a n o x i a  or  
i schemia ,  t he  r a t e  of nuc leo t ide  syn thes i s  does  n o t  in-  
crease  in  t h e  s u b s e q u e n t  pe r iods  of pos t - anox i c  or  pos t -  
i s chemic  recovery .  I t  seems the re fo re  r ea sonab le  to  a s s u m e  
t h a t  b r a i n  t i ssue  - as a consequence  of d i f fe ren t  p r o p e r t i e s  
of t he  f i rs t  r e g u l a t i n g  e n z y m e  of p u r i n e  b i o s y n t h e s i s  de  
novo  (g lu t amine  p h o s p h o r i b o s y l p y r o p h o s p h a t e  amido-  
t rans fe rase)  - does no t  r e spond  to  a re lease  of f e e d b a c k  in-  
h ib i t ion .  

Our  resu l t s  r evea l  a pa ra l l e l i sm b e t w e e n  t h e  a b i l i t y  of 
t h e  k i d n e y  to increase  t he  de n o v o - f o r m a t i o n  of nuc leo-  
t ides  a n d  i ts  we l l -known  c a p a c i t y  to  recover  f u n c t i o n a l l y  
a f t e r  l ack  of oxygen .  I n  r e c e n t  inves t iga t ions ,  a s imi la r  
pa ra l l e l i sm could be  d e m o n s t r a t e d  also in  t he  h e a r t  s . On  
t h e  o t h e r  h a n d ,  t he  i n a b i l i t y  of b r a i n  to  recover  func t i on -  
a l ly  a f t e r  longer  per iods  of a n o x i a  is pa ra l l e l ed  b y  i ts  
i n a b i l i t y  to  increase  nuc leo t ide  syn thes i s  de novo.  I t  t he re -  
fore seems v e r y  l ikely t h a t  o rgans  capab l e  of a comple t e  
pos t - anox i c  m e t a b o l i c  a n d  f u n c t i o n a l  r e s t o r a t i o n  are  
cha rac t e r i zed  b y  t h e i r  ab i l i t y  to  e n h a n c e  nuc leo t ide  syn-  
thes i s  de n e r o  s u b s e q u e n t  to  severe  lack  of oxygen .  

Zusammenfassung. U n t e r  V e r w e n d u n g  v o n  laC-mar- 
k i e r t e m  Glyc in  w u r d e n  d u r c h  B e s t i m m u n g  de r  m i t t l e r e n  
spez i f i schen  A k t i v i t i i t e n  y o n  Glyc in  i m  Gewebe  u n d  d u r c h  
Messung  de r  G l y c i n - I n k o r p o r a t i o n  in  die Aden in -Nuc leo -  
t i de  die de n o v o - S y n t h e s e r a t e n  dieser  V e r b i n d u n g e n  in 
Niere  u n d  G e h i r n  in v i t ro  u n d  in v ivo  u n t e r  n o r m o x i s c h e n  
B e d i n g u n g e n  sowie n a c h  v o r a u s g e g a n g e n e r  Anox ie  bzw. 
I s c h g m i e  b e s t i m m t .  Zwischen  tier FAhigkei t  eines Organs  
zu r  p o s t a n o x i s c h e n  N u k l e o t i d s y n t h e s e - S t e i g e r u n g  u n d  
se iner  f u n k t i o n e l l e n  E r h o l u n g s f ~ h i g k e i t  n a c h  Sauers tof f -  
m a n g e l  s c h e i n e n  enge B e z i e h u n g e n  zu bes tehen .  
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P l a s m a  P r o t e i n  and Free  Fat ty  Ac id  Leve l s  in Male  

P r e v i o u s  i nves t i ga t i ons  of b o d y  weights ,  m e t a b o l i c  a n d  
endoc r ine  d i f ferences  b e t w e e n  h o m o z y g o u s  ma le  a n d  fe- 
m a l e w h i r l e r  mice  (wi wi) a n d  t h e i r  p h e n o t y p i c a l l y  'nor -  
m a l '  h e t e r o z y g o u s  whi r l e r  l i t t e r m a t e s  ( w i + )  h a v e  ind i -  
c a t ed  s ign i f i can t ly  decreased  b o d y  we igh t s  a n d  g r o w t h  
ra tes ,  inc reased  a d r e n o c o r t i c a l  f u n c t i o n  a n d  h e i g h t e n e d  
m e t a b o l i s m  r a t e s  in  t he  whi r l e r  mice  1-4. P l a s m a  glucose 
a n d  l iver  g lycogen  s tud ies  of ma le  mice  r evea l ed  signifi-  
c a n t  decreases  in these  b i o c h e m i c a l  p a r a m e t e r s  ~ i n d i c a t i v e  
of s ign i f i can t  a l t e r a t i ons  in  t h e  c a r b o h y d r a t e  u t i l i z a t i on  
a n d  m e t a b o l i c  processes  of t h e  whi r l e r  an imals .  T h e  ho-  
mozygous  whi r le r  mice, one  of a g roup  of w a l t z i n g  reces- 
s ive m u t a t i o n s ,  are  e x t r e m e l y  nervous ,  res t less  a n d  exci t -  
able,  d i sp l ay ing  r a p i d  clockwise a n d / o r  coun te rc lockwise  
c i rc l ing a c t i v i t y  as wel l  as h e a d - s h a k i n g  a n d  deafness  6. 
Neuro log ica l  a n d  l a b y r i n t h i n e  a b n o r m a l i t i e s  h a v e  b e e n  
assoc ia ted  w i t h  t h e  w a l t z i n g  s y n d r o m e  e. T he  p r e s e n t  
s t u d y  s o u g h t  to  d e t e r m i n e  poss ible  v a r i a t i o n s  a n d  differ-  
ences  in  p r o t e i n  a n d  l ip id  m e t a b o l i s m  b y  ana lyses  of 
p l a s m a  p r o t e i n  f r ac t ions  a n d  free f a t t y  ac id  levels  in  t h e  
h o m o z y g o u s  whi r le r  vs. p h e n o t y p i c a l l y  ' n o r m a l '  he te ro -  
zygous  wh i r l e r  l i t t e rma t e s .  

The  b r e e d i n g  s tock  of h o m o z y g o u s  a n d  he t e r ozygous  
whi r l e r  mice  were  o b t a i n e d  f rom J a c k s o n  Labora to r i e s ,  
B a r  H a r b o r ,  Maine.  Male h o m o z y g o u s  a n d  he t e r ozygous  
l i t t e r m a t e s  were  se lected for  e x p e r i m e n t a t i o n  f rom t h e  
m a t i n g s  of p h e n o t y p i c a l l y  ' n o r m a l '  h e t e r ozygous  females  
to  wh i r l e r  males .  T h e  mice  were ra i sed  in a i r - cond i t i oned  
q u a r t e r s  m a i n t a i n e d  a t  73 -75°F .  a n d  were h o u s e d  2 pe r  
cage. 

All  h o m o z y g o u s  a n d  he t e r ozygous  ma le  l i t t e r m a t e s  were  
w e a n e d  a t  4 weeks, a n d  b o d y  we igh t s  were d e t e r m i n e d  a t  

W h i r l e r  M i c e  

week ly  in te rva l s .  E x p e r i m e n t  I, en t a i l i ng  t he  p l a s m a  pro-  
t e i n  inves t iga t ions ,  used h o m o z y g o u s  a n d  he t e rozygous  
ma le  whi r le r  mice  a v e r a g i n g  9 weeks  of age;  4 ta i l  b lood  
samples  pe r  a n i m a l  were col lected in hepar in ized ,  precal i -  
b r a t ed ,  m i e r o - h e m a t o c r i t  tubes .  T h e  h e m a t o c r i t  va lues  
were  o b t a i n e d  w i t h  a n  A d a m  R e a d a c r i t  M i c r o - H e m a t o -  
c r i t  cent r i fuge .  T o t a l  p l a s m a  p r o t e i n  7 levels  were  m e a s u r e d  
b y  a Go ldbe rg  R e f r a c t o m e t e r  (Amer ican  Opt i ca l  Co.). 

T h e  p l a s m a  spec imens  were  s u b j e c t e d  to  G e l m a n  r ap id  
e l ec t rophore t i c  p rocedure s  8 to  s epa ra t e  t he  a l b u m i n ,  s - l ,  
~-2, l% a n d  y-g lobul in  f r ac t ions  on  cellulose p o l y a c e t a t e  
s tr ips.  A B e c k m a n - S p i n c o  a n a l y t i c a l  i n s t r u m e n t  e q u i p p e d  
w i t h  S c a n - A - T r o n  was used to  q u a n t i t a t i v e l y  ana lyze  t h e  
f indings .  

Tab le  I p r e sen t s  t he  b o d y  we igh t s  a n d  b lood  va lues  for  
t he  2 g roups  of mice.  The  b o d y  we igh t s  of t he  h o m o z y g o u s  
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