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Entry of Water,  Metabol ic  Substrates  and Extracel lular  Space Markers  into Various  Structures  of 
Mouse  Brain in v ivo ~ 

I t  is well  k n o w n  t h a t  a f t e r  sys temic  in jec t ion  of 
r ad ioac t ive  wa te r  in to  l iv ing  an ima l s  i t  exchanges  r ap id ly  
w i t h  b r a i n  water ,  equ i l ib ra t ion  b e t w e e n  b r a i n  and  p l a s m a  
w a t e r  be ing  a t t a i n e d  w i t h i n  a few m i n u t e s  2, 3. On t he  
o the r  hand ,  i n t r a - v e n t r i c u l a r l y  in j ec ted  or ven t r i cu lo -  
c i s te rna l ly  per fused  sucrose a n d  inu l in  do no t  en t e r  b r a i n  
wa te r  r ap id ly  and  u p o n  equ i l ib ra t ion  these  subs t ances  are 
conf ined  to  t he  ' ex t ra -ce l lu la r  space '  4. Since glucose is t h e  
p r i m a r y  energy  s u b s t r a t e  of b r a i n  5,~ and  since f ruc tose  
a n d  p y r u v a t e  are read i ly  c o n v e r t e d  in to  glucose pe r ipher -  
a l ly  (e.g., in  liver),  c a r b o n  a t o m s  of these  subs t ances  
en t e r  b r a i n  r ap id ly  in  v ivo  ~-15. A l t h o u g h  a n u m b e r  of 
s tudies  h a v e  been  u n d e r t a k e n  to  e x a m i n e  t he  incorpora-  
t i on  of these  va r ious  subs t ances  in to  b ra in ,  or b r a i n  
s t ruc tures ,  t he  ' s i m u l t a n e o u s '  i nco rpo ra t i on  of energy  
s u b s t r a t e s  a n d  space m a r k e r s  (as reference  subs tances)  
has  no t  been  d e t e r m i n e d  in vivo.  I n  a n  ef for t  to  devise  
more  sens i t ive  m e t h o d s  for s t u d y i n g  t h e  effects of 
e n v i r o n m e n t a l  changes  a n d  p s ychoac t i ve  agen t s  on 
b r a i n  m e t a b o l i s m  i t  was cons idered  p e r t i n e n t  to  s t u d y  
t he  s i m u l t a n e o u s  i nco rpo ra t i on  of c a r b o n  a t o m s  of 
m e t a b o l i c  s u b s t r a t e s  a n d  of label led  a t o m s  of subs t ances  
wh ich  m a r k  b r a i n  spaces  in to  va r ious  s t ruc tu re s  of t he  
b ra ins  of l iv ing  mice. 

Adul t ,  male ,  C-57B mice, weighing  22-30 g ( Ind iana -  
polis  L a b o r a t o r y  Supp ly  Co.); were k e p t  in  groups  of 
12 for 3 days  before  expe r imen t s .  All  an ima l s  were fas ted  
12-24 h pr io r  to  e x p e r i m e n t s  w h i c h  w e r e  c o n d u c t e d  
d u r i n g  t he  a u t u m n  m o n t h s .  All  in jec t ions  were m a d e  s.c. 
(neck region) 30 m i n  before  sacrifice of an imals .  Solu t ions  
of [U-14C] D-glucose 206 mCi /mmole) ,  [U-14C] D-fructose 
(121 mCi /mmole) ,  [1-~4C] p y r u v a t e  (5.9 mCi /mmole) ,  
[U-14C] D-sucrose (505 mCi /mmole) ,  [3HI inu l in  (0.38 
mCi/mg)  and  [aI t ]OH (25 taCt/g) were m a d e  up  in 
0.154 M NaC1. (All r ad i oac t i ve  subs t ances  were p u r c h a s e d  
f rom New E n g l a n d  Nuc lea r  Corp. excep t  for [aH] inu l in  
wh ich  was f rom Schwarz  BioResearch ,  Inc.) .  I n j ec t ed  
doses of [3H]OH a n d  [3HI inu l in  were 0.25 vCi/g, those  
of [U-I~C] D-glucose a n d  [U-I~C] D-sucrose were 0.1 txCi/g 
and  those  of [U-IIC] D-fructose  and  [1-~C] p y r u v a t e  were 
0.05 txCi/g, mouse.  No te  t h a t  equ i l ib ra t ion  of ex t race l lu la r  
space m a r k e r s  was  no t  expec ted  to  occur  in  30 m i n ;  
these  were used as ' con t ro l '  subs t ances  in  t h i s  work.  

Af ter  d e c a p i t a t i o n  of mice  t he  cerebra l  cortex,  cere- 
be l lum,  o l fac to ry  bulbs ,  h i ppocam pus ,  d i encepha lon  (i.e., 
t h a l a m u s ,  h y p o t h a l a m u s  a n d  o the r  s t r u c t u r e s  ly ing  close 
to these) ,  sp ina l  cord a n d  colliculi  were careful ly  d issected  
ou t  on  a chi l led surface,  weighed,  a n d  i m m e r s e d  in 
2.0 ml  of ice-cold 80% e thy l  a lcohol  so lu t ion  (v/v).  All  
samples  were homogen ized  and  e thano l i c  e x t r a c t s  were 
p r epa red  ~s. R a d i o a c t i v i t y  was  d e t e r m i n e d  in a l iquo ts  of 
h o m o g e n a t e s  and  ex t rac t s .  (Since va lues  for h o m o g e n a t e s  
and  e x t r a c t s  were qu i te  s imilar ,  on ly  va lues  for homo-  
gena tes  are p r e sen t ed  herein) .  Tile ' c o u n t i n g  cockta i l '  
cons is ted  of 240 g n a p h t h a l e n e ,  11 to luene,  11, 1,4-dioxane,  
1 1 e thy l  a lcohol  (abs.), 0.3 g d i m e t h y l - P O P O P  a n d  15 g 
P P O  1~. Corre la t ion  curves  were cons t r uc t ed  for us ing  t he  
double - labe l l ing  t e c h n i q u e  and  c o u n t s / m i n  were conver t -  
ed to  d i s /m in  us ing  a p p r o p r i a t e  q u e n c h  cor rec t ion  
fac tors  ~s. A P a c k a r d  Model  3375 l iquid sc in t i l l a t ion  
s p e c t r o m e t e r  was  ~ used. 

Results .  D a t a  shown  in Tab le  I ind ica te  t h a t  [~H]OH 
exchanges  w i t h  b r a i n  w a t e r  to  a s imi la r  e x t e n t  in all  
s t ruc tu re s  s tud ied  excep t  for sp ina l  cord in wh ich  m u c h  
less r a d i o a c t i v i t y  was de tec ted .  Subs t ances  which  en t e r  
m a i n l y  t he  ex t race l lu la r  space ([all] inu l in  and  [t~C] 
sucrose) however ,  d i s t r i b u t e d  r a t h e r  even ly  in all s t ruc-  

tures ,  b u t  t he re  ex is ted  a t e n d e n c y  for less r a d i o a c t i v i t y  
to  be  i nco rpo ra t ed  in to  h i p p o c a m p u s  t h a n  in o the r  
s t ruc tures .  Ca rbon  a t o m s  of D-glucose were inco rpora t ed  
to a s imi la r  e x t e n t  in to  all  s t ruc tu res  s tud ied  w i th  th-: 
possible  excep t ion  of sp ina l  cord and  those  oI D-fructose 
were i nco rpo ra t ed  to  a lesser e x t e n t  in to  h i p p o c a m p u s ,  
d i encepha lon  a n d  sp ina l  cord  t h a n  in to  o the r  structurc.a 
(Table  II) .  I n c o r p o r a t i o n  of [I*C] of p y r u v a t e  did  no t  
differ  s ign i f i can t ly  for a n y  b r a i n  s t ruc ture ,  b u t  t he  r a t io  
of [14C] of p y r u v a t e  to  [all] of inu l in  in  hippocampu.~ 
(Table  I I I )  was  m a r k e d l y  h igher  t h a n  t h a t  for a n y  o the r  
s t ruc ture .  A l t h o u g h  t he  t o t a l  r a d i o a c t i v i t y  due to ':aC~ 
of in jec ted  glucose was s imi la r  in all  b r a i n  stru';~:'.::zs 
(Table  I), d e t e r m i n a t i o n s  of t he  [14C]/[3H] ra t ios  (i.e., 
[14C] glucose:  [3HI OH) shown in Tab le  I I I  i nd i ca t ed  t h a t  
m u c h  less of t he  t o t a l  w a t e r  space  was occupied b y  t he  
[14C] of in jec ted  glucose in ce rebe l lum h i p p o c a m p u s  and  
d i encepha lon  t h a n  in  t he  o the r  CNS areas  s tudied.  

The  resu l t s  p re sen ted  ind ica t e  a n u m b e r  of t r ends  
wh ich  m a y  p rove  useful  for t he  f u r t h e r  neu rochemica l  
ana lys i s  of b r a i n  s t ruc tu re s  w i t h  respec t  to  behav io ra l  
changes  b r o u g h t  a b o u t  b y  env i ronm= ,-~1 o= p h a r m a c o -  
logical  s t imul i .  Since the  exchange  of [3H IOH w i t h  t o t a l  
b r a i n  w a t e r  was  comple te  w i t h i n  a few rain,  va lues  in  
Tab le  I c an  be t a k e n  to  r ep re sen t  a compar i son  of b r a i n  
s t r u c t u r e s  on  t he  bas is  of t h e i r  t o t a l  w a t e r  con ten t .  For  
example  sp ina l  cord con ta ins  JecJ w a t e r  per  g f resh 
we igh t  t h a n  o the r  CNS s t r u c t u r e s  wh ich  is k n o w n  f rom 
o the r  s tudies .  A l t h o u g h  some loss of w a t e r  m a y  h a v e  
occur red  d u r i n g  d issec t ion  of b r a i n  s t r u c t u r e s  th i s  
m e t h o d  m a y  p rove  to  be  more  sens i t ive  t h a n  m e t h o d s  
based  on  t i ssue  d ry  we igh t  for d e t e r m i n a t i o n  of t o t a l  
w a t e r  c o n t e n t  of or ' hm,gc=  in w a t e r  c o n t e n t  of b r a i n  
wh ich  m a y  be  b r o u g h t  a b o u t  b y  pha rmaco log ica l  insul t ,  
b y  d e h y d r a t i o n  3 or b y  o the r  m e a n s  (e.g. ce r t a in  ne rvous  
a n d  m e n t a l  diseases).  

A l t h o u g h  t he  ex t race l lu la r  space m a r k e r s  ( inul in  a n d  
sucrose) d i d  no t  equ i l ib ra te  be tween  b r a i n  and  b lood a t  
30 ra in  p0s t - in j ec t ion  i t  seems a p p a r e n t  (Table  I) t h a t  
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no major  difference in thei r  d is t r ibut ion  exists among  
the  brain par ts  s tudied wi th  the  possible except ion of the  
h ippocampus  which m a y  have  a smaller  'effect ive '  
ext racel lu lar  space. Hence  these substances can serve 
as reference or 'control '  substances.  By  compar ing  values 
for ~1~C 1 glucose (Table II) wi th  those for IsH~OH (Tablet)  
i t  becomes apparen t  t ha t  in all s t ructures  s tudied 
incorpora t ion  of [~*C l of glucose is a funct ion of the  to ta l  
water  content ,  bu t  comparisons be tween  [a4C~ fructose 
and EaH?OH reveal  t h a t  d iencephalon and h ippocampus  
conta in  less [laC~ than  would be expected  f rom analysis 
of the  [3H~OH data. This m a y  be re la ted to different  
rates of fructose metabo l i sm in different  cerebral  struc- 
tures. 

Rat ios  of E14C]/E3H~ of s imul taneously- in jec ted  radio- 
act ive  glucose and water  (Table I I I )  indicate  t ha t  cer ta in  
brain s t ructures  (i.e., cerebellum, h ippocampus  and 
diencephalon) can be shown to differ f rom the  others by 
this method.  Less E14C; of glucose entered these s t ructures  
than  was expected on the  basis of [3H] OH exchange which 
m a y  indicate  t ha t  energy metabo l i sm occurs to a lesser 
ex ten t  (or more slowly) in these regions. The f inding t h a t  
Ea4CI a toms of fructose sucrose or py ruva t e  wi th  the  
except ion of h ippocampus  were incorpora ted  to similar  
extents  into all s t ructures  wi th  respect  to ~H~ (of 
[3H]OH or [_3H 1 inulin) indicates t h a t  incorporat ion of 
these substances is re la ted direct ly  to the  'spaces '  of 

bra in  or to its to ta l  water  content .  This method  migh t  be 
useful for s tudying  changes in the  metabo l i sm of energy- 
yielding substrates  which m a y  be produced in awake 
behaving  animals  by pharmacologica l  insult  or environ-  
menta l  st imuli .  However ,  i t  mus t  be realized tha t  the  
incorporat ion into bra in  of substances which can be 
metabol ized is subject  to diurnal  variation19, 20 and 
therefore tha t  t ime  of day  is a cri t ical  factor  in t h i s  t ype  
of study.  

Rdsumd. Une m6thode nouvel le  est pr4sent6e pour  
6tudier des corr61ations qui  exis tent  entre le cerveau et 
le compor t emen t  des an imaux.  
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U n t e r s u c h u n g e n  fiber U l t r a s t r u k t u r  und A m i n o s f i u r e n z u s a m m e n s e t z u n g  der E i s c h a l e n  v o n  Natrix 
natrix 

Die Eischalen yon vielen Rept i l ien - insbesondere der 
Schlangen - sind nicht  e indeut ig  verkalkt ,  auch wenn bei 
Natrix natrix natrix gelegentl ich aufgelagerte  Kalkkr is ta l -  
le beobachte t  werden 1, e. Im  Gegensatz  zu Vogeleischalen 
f inden sich in nicht  kalkigen Eischalen yon Rept i l ien  
v611ig anders aufgebaute  Pro te ine  a. Innerha lb  der Rept i -  
l ien zeigt sich abet  such  bei nicht  verka tk ten  Eischalen 
eine deut l iche Gruppierung auf Grund einer unterschied-  
l ichen Aminos~turenzusammensetzung.  Bisher konnten  
mindestens  4 typische Aminos~turen-Profile festgestel l t  
werden:  Dermochelys-Typ,  Tarento la-Typ,  Phelsuma-  
Typ  und Eublepharis-Typ2.  

Die in Eischalen yon Lederschi ldkr6ten (Dermochelys 
coriacea) gefundenen Aminos~uren-Rela t ionen  unter-  
scheiden sich sehr deut l ich von den 3 i ibrigen bei Gekkos 
auffal lenden AminosXuren-Verh~ltnissen. Das ers tmal ig  
bei Eublepharis festgestell te AminosSmren-Profil  ist 
charakter is t isch fiir prakt i sch  alle Squamaten  ~. Auch 
lassen sich bei kalkigen Schalen yon Rept i l ien unter-  
schiedliche kristall ine Bauste ine  ermi t te ln  4, 

Ziel dieser Arbei t  war  es, Eischalen yon  Schlangen 
(Natrix natrix natrix) in ihrer S t ruk tu r  und ihrer Amino-  
s~uren-Zusammensetzung zu untersuchen und mi t  bereits 
bekann tem Material  zu vergleichen. 

Versuchsmethodik. Frische Schalen yon Eiern  der Rin-  
ge lnat ter  und der Membrana  tes tacea des Haushuhns  
(HNL-Hybr idhuhn)  wurden in eine l % i g e  Osmium- 
s~urel6sung (0,1 M Cacodyla t -Puffer  mi t  7,5% Sucrose, 
p H  7,2, Osmolari t / i t  450) 2 h f ixier t  und nach Dehydrie-  
rung mi t  Alkohol  in E p o n  eingebet tet .  Ble in i t ra t  diente 
zur Nachkont ras t i e rung  der Dfinnschnit te.  Die F~irbung 
mi t  Ru then iumro t  (modifiziert  nach LUFT s) erfolgte bei 
der  Vorf ixierung in 3% Glutara ldehyd (0,1 M Cacodylat-  
Puffer  mi t  0,5% Sucrose, p H  7, 2, 2000 p p m  Ruthen ium-  
rot). Die wei teren Schri t te  wurden entsprechend der oben 

beschriebenen Methode (aber ohne Nachkontras t r ierung)  
durchgefi ihrt .  

Die Aminos~uren-Analyse  erfolgte an einem entspre- 
chenden Analysator  nach Hydro lyse  in 6 N HC1 (24 h) 
bei 110~ s. Zur Cys t in -Bes t immung haben wir die Proben 
nach HIRS 7 mi t  Perameisens~ure vorbehandel t .  

Ergebnisse und Diskussion. Die Eischalen yon Ringel-  
na t t e rn  sind aus Fasern aufgebaut ,  die untere inander  in 
Verbindung stehen (Figur 1). Jede  Faser  bes teht  aus 
einer weniger e lekt ronendichten  Hal le  (mit  Ieiner, granu- 
lgrer Textur)  und der homogenen  Core-Substanz (Me- 
dul la-Substanz) .  Das Core ist  von  zahlreichen Hohlrgu-  
men  - besonders bei  den Fasern im ~tusseren Bereich der 
Schale - durchsetzt .  In  der Fe ins t ruk tu r  ghneln diese 
Fasern  denen der Membrana  tes tacea  v o m  Haushuhn  
(Figur 2) s, jedoch ist die Hii l lsubstanz bei der Ringel-  
na t t e r  (0,15 ~m) schw/icher ausgebi ldet  als beim Haus-  
huhn  (0,3 ~zm). Die Faserhi i l ien lassen sich - besonders in 
der gusseren Zone - bei der R inge lna t t e r  und beim H u h n  
mi t  Ru then iumro t  t ingieren (Figuren l a  und 2a). 

Die Core-Substanz ist  dagegen nicht  fgrbbar.  Die 
R u t h e n i u m - R e a k t i o n  in der Faserhii l le  der Ringe lna t te r  
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