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Consequent ly  one migh t  expec t  differences in p r ima ry  
s t ruc tu re  of t he  crea t ine  kinases.  De te rmina t ions  of amino  
acid composi t ions  of purif ied bra in  enzymes  f rom sparrows 
however  do no t  indicate  s ignif icant  differences.  

I t  is ev iden t  t h a t  only expe r imen t s  on puri f ied enzymes  
can def ini te ly  decide which  hypo thes i s  is correct .  Such 
exper iments  are in progress  in our laborator ies .  I f  it  can 
be conf i rmed t h a t  t he  new isoenzymes  are d i f ferent  con- 

format ions  of the  bra in  enzyme  o r  its subuni ts ,  it  is ve ry  
!ikely t h a t  th is  is no t  a r a n d o m  p h e n o m e n o n  bu t  has  
physiological  implicat ions,  since f irs t  of all d i f ferent  
organs show typica l  differences in relatiw~ amo u n t s  of 
these  isoenzymes.  F u r t h e r m o r e  i t  is no t  very  probable  
t h a t  a mueat ion,  which only led to  a r a n d o m  phenomenon ,  
should persis t  over  a long per iod of immense  morphologi-  
cal and physiological  d ivergence in b i rd ' s  evolut ion ~~ 
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Fig. 2. Tracings of creatine kinase isoenzymes from brain- and heart- 
extracts of various birds (finch, Fringilla coelebs; starling, Stz~enus 
vulgaris; duck, Aythya ]uligula; pheasant, Chrysolophus pictus). 
Conditions of eleetrophoresis see Figure 1. The relative intensities 
of isoellzyme bands (compare Figure 1) are ind!cated by the different 
size of *~he spots. The positions of isoenzymes w,~,ich have been 
observed ill muscle tissue of adult birds are indicated by Open squares. 
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Fig, 3. Eleetrophoretic separation of creating kinases in supernatant 
fractions from brain homogenates in (I) veronalbuffer 0.02M, 
pH 8.6, 40 mA, 75 min and (II) citrate-NaOII-buffer 0.01M, pit 6.5, 
30 mA, 90 rain. 1)heasant, Chrysolophus ~ictus, quail, Francolinus 
]ra~colinus (Galliformes). The positions of the other isoenzymes 
(~IM/MB) are indicated by squares. 
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l"ig. 4. Ontogcnetic changes of isoenzyme patterns in developlng 
leg Imlsele (domestic duck). The patterns in various organs from 
the adult duck are added for comparison (lower 3 separations). 
Conditions as given ill Figure 1. 

Zusarnmen/assung. Durch  Abwand lung  der e lekt rophore-  
t i schen  A u f t r e n n u n g s m e t h o d e  wird  das V o r k o m m e n  einer  
neuen I s o e n z y m b a n d e  der  Krea t ink inase ,  das urspr t ing-  
lich auf die Voge lordnung  Passer i formes  beschr~tnkt zu 
sein schien, a l lgemein in versch iedenen  Geweben yon  
V6geln nachgewiesen.  E ine  wei tere  neue I s o e n z y m b a n d e  
wird  in b e s t i m m t e n  En twick lungss t ad i en  der  Skelet t -  
musku la tu r  beobach te t .  Es  wird  diskut ier t ,  dass  diese 
neuen I soenzyme  a l t e rna t ive  t h e r m o d y n a m i s c h  m6gliche 
Konfo rmere  der  Geh i rn -Krea t ink inase  (BB-Enzym)  oder  
ihrer  ~ lonomere  (g) sein k6nnten .  A n h a n d  der r n t e r -  
suchungsergebnisse  wird  aufgezeigt ,  dass  diesen v e rmu t -  
lich durch  Konfo rma t ionsun te r sch i ede  bed ing ten  Iso- 
enzymen  physioIogische Bedeu tung  z u k o m m e n  k6nnte .  
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Creat ine  of M o u s e  Brain:  Ev idence  of Act ive  U p t a k e  f r o m  Blood  

The exis tence of a d i s t inc t  concen t ra t ion  grad ien t  of 
creat ine be tween  p lasma  and  bra in  in m a n  and  animals  
is known  and  well d o c u m e n t e d  for some t i m e  1. A l though  
it was shown more recent ly  t h a t  cerebral  t issue is capable  
of syn the t i z ing  creat ine  f rom sui table  precursors2, a, i t  
is ye t  to  be de t e rmined  whe the r  in t racerebra l  fo rma t ion  
of c rea t ine  cons t i tu tes  the  sole source for the  bra in  to  
replenish  its compara t ive ly  h igh  con t en t  of th is  corn- 

pound.  To examine  the  possible con t r ibu t ion  of peri-  
pheraI  creat ine  to the  cerebral  pool by  way  of its t r ans fe r  
f rom blood ~o brain,  we have  s tud ied  the  d i s t r ibu t ion  

i A. HL'NTER, in Creatine and Creatinine (gongmans, Green and Co., 
Ltd., London 1928), p. 89. 
J. J. PlSANO and S. [TDE~F~IE~D, Fedn Proe. 17, 403 (1958). 

s A. J. DEFALCO and R. K. DAVIES, J. Neurochem. 7, 308 (1961). 
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of c r ea t i ne - l -~C  be tween  p l a sma  and  bra in  in mice. Pre-  
l iminary  d a t a  of these  expe r imen t s  will be  presen ted .  

W h i t e  male  mice weighing 25-30 g received in to  t he  
tai l  vein  0.1 ml physiological  saline conta in ing  0.80 ac of 
creatine-l-x~C (The Rad iochemica l  Centre,  Amersham,  
E n g l a n d ;  specific ac t iv i ty  1 2 . 8 m c / m M ) .  The animals  
were  killed b y  decap i t a t ion  a t  var ious  t ime  in terva ls  
t he rea f t e r  and  the  r ad ioac t iv i ty  of p l a sma  and  bra in  
(dpm/ml  and dpm/g ,  respect ively)  was de t e rmined  
(Table I). The  to ta l  c rea t ine  con t en t  of p la sma  and  brain  
(free and  p h o s p h a t e - b o u n d  creatine) was  assayed by  the  
color imetr ic  d iace ty l  m e t h o d  4,5. The specific ac t iv i ty  of 
p l a sma  creat ine  was de t e rmined  by  th in- layer  ch romatog-  
r a p h y  of t r ichloroacet ic  acid (TCA) ex t rac t s  of p l a sma  
af ter  t he  r emova l  of TCA wi th  d ie thy l  e ther  (Table ill). 

The  da t a  of Table  I on the  d is t r ibu t ion  of r ad ioac t iv i ty  
be tween  p l a sma  and  bra in  a t  several  t ime  in tervals  af ter  
the  inject ion of t he  labei  reveal  t h a t  creat ine  en ters  the  
brain.  Whi le  t he  ac t iv i ty  in p l a sma  keeps falling, a t  f i rs t  
r ap id ly  t h e n  more  slowly, r ad ioac t iv i ty  of the  bra in  is 
s teadi ly  increasing to  reach  m a x i m u m  levels be tween  36 
and  48 h of t he  exper iment .  Dur ing  th is  per iod  fairly 
s table  levels of b o t h  p l a sma  and  bra in  r ad ioac t iv i ty  were 
found indica t ing  t h a t  a s t eady  s t a te  be tween  p l a sma  and  
brain,  and  o the r  organs  and  b o d y  t issues as well, was  
a t t a i ned  regard ing  the  exchange  of creatine-l-14C and 
the  release of newly  formed labelled creat inine.  

To de termine ,  therefore ,  more  specifically the  d is t r ibu-  
t ion  of creatine-l-~4C be tween  bra in  and plasma,  t he  

pe rcen tage  of p la sma  rad ioac t iv i ty  a t t r i bu t ab l e  to  crea- 
tine-l-14C was de t e rmined  (Table II).  The rad ioac t iv i ty  
of b ra in  t issue was no t  fu r the r  correc ted  oh the  a s sumpt ion  
t h a t  all t he  r ad ioac t iv i ty  p resen t  in brain  was originally 
t aken  up as creat ine.  Values of 19.4 and  22.9, respect ively ,  
were t h e n  ob ta ined  for t he  d i s t r ibu t ion  ra t io  of labelled 
creat ine  be tween  bra in  and  p l a s ma  a t  2 t ime  intervals .  
These figures are in close ag reemen t  wi th  t he  ra t io  of 
19.4 found  for t he  normal  d i s t r ibu t ion  of creat ine  be tween  
brain  and p l a sma  in mice. 

The results  of these  expe r imen t s  d e m o n s t r a t e  t h a t  in 
mice creat ine  is being t aken  up by  b ra in  aga ins t  a con- 
cen t ra t ion  grad ien t  even if tile fact  is t aken  in to  considera-  
t ion  t h a t  up to  60% of t he  to ta l  creat ine  of b ra in  m a y  
be p resen t  as phosphocrea t ine  ~. This  obse rva t ion  is in 
line w i th  resul ts  of in v i t ro  s tudies  on the  up take  of 
creat ine  by  cerebral  t issue slices 7. In  vivo up take  of 
c rea t ine  by  bra in  has  been s tud ied  in t he  p a s t  when  
rabb i t s  were  given large oral  doses of c rea t ine  twice 
dai ly for 7 days  s. E v e n  so, there  was no demons t r ab l e  
increase in bra in  crea t ine  levels and it was concluded 
t h a t  creat ine  does no t  en te r  the  brain.  This  s t u d y  has  
shown t h a t  up take  of creat ine  by  b ra in  is r a t h e r  slow 
and  i t  seems possible t h a t  the  ra te  of u p t ak e  is quant i -  
t a t ive ly  re la ted  to  t he  convers ion  of c rea t ine  to Creatinine 
and  the  release of t he  l a t t e r  f rom brain.  In  th is  case the re  
would be no ne t  up take  of c rea t ine  prec luding  the  dem-  
ons t r a t ion  of an influx of creat ine  in to  the  bra in  when  
iner t  mater ia l  was used. 

Table I. Total radioactivity in plasma and brain tissue of mice receiving creatine-l-l~C intravenously 

Time elapsed since injection of creatine-l-l~C 
5 rain 8 h 24 h 36 h 48 h 

Plasma (dpm/ml) 88,777 ___ 7,941 4,767 :I= 2,039 2,622 :.!: 534 1,373 ___ 221 1,386 -t- 423 
Brain (dpm/g) 3,885 -'= 837 10,050 4- 2,516 15,153 4- 3,317 18,363 :t: 2,281 18,748 4- 1,640 

Values represent the mean of 5 animals or more. For the counting procedure aliquots of plasma or brain tissue (hemispheres) were dissolved 
in a solubilizing base (NCS, Nuclear Chicago) and the total radioactivity of the samples was determined by liquid scintillation counting. Counts 
were converted to disintegrations on the basis of a standard quench correction curve. 

Table II. Brain-to-plasma ratios of creatine and creatine-l-l~C 
in mice 

Total creatine ~ Creatine-lJ4C 
Plasma mg/100ml dpm/ml (g) after 
Brain mg/100g 36 h 48 h 

Plasma 6.84 :J: 2.54 (24) 945 b 819 
Brain 132.70 :i.: 23.35 (40) 18,363 ~ 18,748 ~ 

Brain 19.4 19.4 22.9 
Plasma 

Total creatine after hydrolysis of the perchloric acid extract at 
65 ~ for 10 rain. Figures in parentheses indicate number of animals. 
~, Specific activity is expressed as dpm of ereatine-l-14C per milliliter 
of plasma. For the determination of the specific activity ifiasma of 
5 animals was pooled, treated with trichloroaeetic acid and extracted 
with diethyl ether. Creatine and creatinine were added as carrier 
and suitaMe aliqnots were separated on cellulose layers in n-butanol - 
glacial acetic acid - water (60:15 : ] 5)9. The individual spots were 
scraped off and eluted with 0.1 N hydrochloric acid for the deter- 
ruination of radioactivity by liquid scintillation counting, o Dpm 
in brain represent total radioactivity per gram of tissue. 

Zusammen/assung. Bei M/~usen wurde  die Vcr te i lung  
von  Krea t in- l - l~C zwischen P l a s ma  und  Gehirn  nach  
einer e inmal igen i.v. Gabe von  Kreatin-i-~4C un te r such t .  
Ein  Fl iessgleichgewicht  s tel l te  sich 36-48 h nach  Ver- 
abre ichung  der  Subs tanz  ein, wobei  K rea t i n  gegen ein 
Konzentrat ionsgef~il le  aus dem P l a s ma  in das Gehirn 
f iber t r i t t .  W/ ihrend  dieser  Zeit war  die RadioaktivitS~t 
im Gehirngewebe um das 20fache h6her  als im Plasma.  
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