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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 te 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  

1 A. M. SACKLER, A. S. WELTMAN, P. STEINGLASS and S. D. KRxus, 
Fedn Prec. 23, 252 (1964). 

2 A. S. WELTMAN, A. M. SACKLER, R. SCHWARTZ and P. GTEINGLASS, 
Fedn Prec. 2l, 448 (1965). 

3 A. S. WELTMAN and A. M. SACKLER, Prec. Soc. exp. Biol. Med. 
123, 58 (1966). 

4 A. M. GACKLER and A. S. WELTMAN, J. exp. Zool. 16d, 133 (1967). 
5 A. S. WELTMAN, A. M. SACKLER, A. S. LEWIS and L. JOHNSON, 

Physiol. Behav. 5, 17 (1970). 
6 H. GRONEBERG, The Genetics o/the Mouse (Martinus Nijhoff, The 

Hague 1952). 
7 K. G. BARRY, A. W. McLAuRIN and 13. L. PARNELL, J. Lab. clin. 

Med. 55, 803 (1960). 
s R. O. 13RIERE and J. D. MULL, Am. J. clin. Path. d2, 547 (1964). 



15.8. 1971 Specialia 

Table I. Hematocrit and plasma protein values in homozygous and heterozygous male whirler mice (age 81l~ weeks) 
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Group n Body Itemato- Total n Albumin Globulins (g/100 ml) 
wt. crit plasma (g/100 ml) 
(g) (%) protein ~-1 ¢¢-2 

(g/100 ml) 
fl ~ Total 

Homo. whirler 9 20.2:t:1.0 48.64-1.3 5.64-0.1 8 3.664-0.09 
4- S.E. 
Hetero. whirler 8 22.7 4- 0.4 49.7 4- 1.3 6.0 -t- 0.1 8 3.28 4- 0.10 
4- S.E. 
Difference (%) --11.0 --2.2 --6.7 +11.6 
P value 0.05 0.56 0.02 0.02 

0.26 4- 0.02 0.50 4- 0.04 0.81 4- 0.07 0.44 4- 0.03 2.01-4- 0.16 

0.37 4- 0.01 0.64 + 0.03 1.09 4- 0.04 0.58 4- 0.04 2.69 4- 0.08 

--29.7 --21.9 --25.7 --24.1 --25.0 
< 0.0i 0.01 <20.01 0.01 <0.001 

versus  he terozygous  whir ler  males were s ignif icant ly  lower 
as ana lyzed  by  s tandard  t-test  procedures  9. No s ignif icant  
differences were no ted  be tween  the  hema toc r i t  observa-  
t ions a l though  the  values  were modera te ly  lower ( - -2 .2  %) 
in the  whir ler  group. Analyses  of the  to ta l  pro te in  d a t a  re- 
vea led  s ignif icant  decreases in the  p lasma prote in  levels 
of the  whir ler  mice. E lec t rophore t ic  analyses  indicated,  
however ,  t h a t  p lasma a lbumin  levels were s ignif icant ly  
h igher  in the  whirler  mice bu t  the  ~-1, cc-2, N- and ~-globu- 
lin va lues  were s ignif icant ly  lower when  compared  on an 
ind iv idua l  or t o t a l  globul in basis. Apparen t ly ,  t he  
grea ter  decrease in t he  globul in fract ions was suff icient  to 
overr ide  the  increase observed  in p lasma a lbumin.  

I t  would  appea r  t h a t  the  s ignif icant ly  he ightened  loco- 
mo to r  a c t i v i t y  and me tabo l i sm rates  ~, 5 in the  whir ler  mice  
pose grea te r  nu t r i t i ve  demands  on the  homozygous  mu-  
t an t .  Ti le  s ignif icant  increase in p lasma a lbumin  m a y  be 
in accord wi th  s igni f icant ly  h igher  food consumpt ion  ob- 
served in whir ler  mice 3. A lbumin  is affected more  readi ly  
t h a n  globulins by  nu t r i t iona l  factors  x°. Since a lbumin  
synthesis  appears  to  be  l imi ted  to  the  l iver  n,  t he  signifi- 
can t  increase in p l a sma  a lbumin  of the  whir ler  mice m a y  
be in accord wi th  p rev ious ly  noted  increases in re la t ive  
l iver  weights  ~, 4, s. 

The  s ignif icant  decreases in the  globulins, especial ly the  
~-globulins or  an t ibody  fract ion,  could l ikewise have  been 
an t ic ipa ted  f rom earl ier  findings. A p p r o x i m a t e l y  20% of 
the  to ta l  globulins are synthes ized in ex t r ahepa t i c  tissues 
( lymphoid  organs and tissues and the  re t icu loendothe l ia l  
system) n.  Signif icant  decreases h a v e  been no ted  in the  
re la t ive  weights  of l ympho id  organs such as the  t h y m u s  in 
homozygous  vs. he terozygous  female  and male  whir ler  
mice ~,*,4. To t a l  whi te  blood cell and eosinophil  counts  
have  also been found to be  s ignif icant ly  lower in the  whir-  
ler males 2. Undoub ted ly ,  the  a l tera t ions  in lymphoid  or- 
gan, whi te  blood cell  counts  and g a m m a  globul in con ten t  
a re  in tu rn  re la ted  to  t he  s ignif icant  increases in adreno-  
cor t ica l  a c t i v i t y  of the  homozygous  whir ler  mice 4,5. The  
decrease in y-globul in m a y  expla in  t he  decreased v iab i l i ty  
of the  whir ler  mice.  The  s imul taneous  presence of an  in- 

crease in the  a lbumin  level  and decreases in t he  globul in 
fractions, or vice versa,  agree wi th  changes  found in var i -  
ous metabol ic  disorders and diseases x2. 

Expe r imen t  I I  i nvo lved  13-week-old male  mice sacri- 
ficed by rapid  decapi ta t ion  for p lasma free f a t t y  acid 
de te rmina t ions  I~. Tab le  I I  again  indicates  s ignif icant  
decreases in the  body  weights  of the  whir ler  vs. hetero-  
zygous male mice, The  8.7% increase in the  p lasma free 
f a t ty  acid levels of the  whir ler  group was no t  s ta t i s t ica l ly  
significant. Possibly, the  increases m a y  be indicat ive  of 
somewhat  higher  mobi l iza t ion  of the  l ipids bu t  fur ther  
studies are required.  I t  should be no ted  t h a t  whir ler  ani- 
mals  appear  lean compared  to the  p lumpness  of t he  'nor-  
real ' ,  less ac t ive  l i t te rmates .  In t e rna l  examina t i on  revealed 
a lack of adipose t issue deposi ts  in the  abdomina l  cavi-  
ty  5 of the  whir ler  mice.  I n  conclusion, while  no def ini t ive  
differences could be no ted  in the  free f a t t y  acid levels, t he  
p lasma prote in  s tudies  revea led  s ignif icant  differences in 
the  prote in  me tabo l i sm and  f rac t ions  of the  whir ler  mice.  
These al terat ions,  t oge the r  w i th  differences in carbo-  
hydra te  metabol ism,  ref lect  t he  changes  due  to  behav iora l  
characterist ics,  nu t r i t i ve  requi rements ,  and endocr ine  
funct ion of the  whirlers,  

Rdsumd. Des analyses  dlect rophordt iques  d 'dchant i l lons  
de p lasma sanguin de souris tourneuses  males,  homozy-  
gotes et  h6tdrozygotes ont  mont rd  des t a u x  de protdines 
p lasmat iques  to ta les  n e t t e m e n t  infdrieurs chez les homo-  
zygotes. Bien que diverses fract ions globul iniques soient  
ne t t emen t  diminudes, les t a u x  d ' a lbumine  furent  sensible- 
men t  plus 61dvds chez le m u t a n t  homozygote .  
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Table II. Plasma free fatty acids in homozygous and heterozygous 
male whirler mice {age 13 weeks) 

Group Body wt. Plasma F,F.A. 
n (g) n ([xg/l) 

Homo. whirler 4- S.E. 10 22.I 4- 0.8 10 935.91 -t- 78.57 
Hetero. whirler zk S.E. 11 25.8 :~ 0.4 10 860.924-96.30 
Difference (%) --14.3 +8.7 
P value <0.001 0.55 
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