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Entry of Water, Metabolic Substrates and Extracellular Space Markers into Various Structures of

Mouse Brain in vivo!?

It is well known that after systemic injection of
radioactive water into living animals it exchanges rapidly
with brain water, equilibration between brain and plasma
water being attained within a few minutes®3. On the
other hand, intra-ventricularly injected or ventriculo-
cisternally perfused sucrose and inulin do not enter brain
water rapidly and upon equilibration these substances are
confined to the ‘extra-cellular space’4. Since glucose is the
primary energy substrate of brain’® and since fructose
and pyruvate are readily converted into glucose peripher-
ally (e.g., in liver), carbon atoms of these substances
enter brain rapidly in vivo?-%5. Although a number of
studies have been undertaken to examine the incorpora-
tion of these various substances into brain, or brain
structures, the ‘simultaneous’ incorporation of energy
substrates and space markers (as reference substances)
has not been determined in vivo. In an effort to devise
more sensitive methods for studying the effects of
environmental changes and psychoactive agents on
brain metabolism it was considered pertinent to study
the simultaneous incorporation of carbon atoms of
metabolic substrates and of labelled atoms of substances
which mark brain spaces into various structures of the
brains of living mice.

Adult, male, C-578B mice, weighing 22-30 g (Indiana-
polis Laboratory -Supply Co.), were kept in groups of
12 for 3 days before experiments. All animals were fasted
12-24 h prior to experiments which were conducted
during the autumn months. All injections were made s.c.
(neck region) 30 min before sacrifice of animals. Solutions
of [U-1C] p-glucose 206 mCi/mmole), [U-14C] p-fructose
(121 mCi/mmole), [1-1*C] pyruvate (5.9 mCi/mmole),
[U-1C] p-sucrose (505 mCi/mmole), [*H] inulin (0.38
mCi/mg) and [PH]OH (25 mCi/g) were made up in
0.154 M NaCl. (All radioactive substances were purchased
from New England Nuclear Corp. except for [3H] inulin
which was from Schwarz BioResearch, Inc.). Injected
doses of *HJOH and [®H] inulin were 0.25 pCi/g, those
of [U-*C] p-glucose and [U-*C] p-sucrose were 0.1 pCi/g
and those of [U-1C] p-fructose and [1-14C] pyruvate were
0.05 uCi/g, mouse. Note that equilibration of extracellular
space markers was not expected to occur in 30 min;
these were used as ‘control’ substances in this work.

After decapitation of mice the cerebral cortex, cere-
bellum, olfactory bulbs, hippocampus, diencephalon (i.e.,
thalamus, hypothalamus and other structures lying close
to these), spinal cord and colliculi were carefully dissected
out on a chilled surface, weighed, and immersed in
2.0 ml of ice-cold 809, ethyl alcohol solution (v/v). All
samples were homogenized and ethanolic extracts were
prepared 16, Radioactivity was determined in aliquots of
homogenates and extracts. {Since values for homogenates
and extracts were quite similar, only values for homo-
genates are presented herein). The ‘counting cocktail’
consisted of 240 g naphthalene, 11toluene, 11, 1,4-dioxane,
11 ethyl alcohol (abs.), 0.3 g dimethyl-POPOP and 15 g
PPO?. Correlation curves were constructed for using the
double-labelling technique and counts/min were convert-
ed to dis/min using appropriate quench correction
factors'®. A Packard Model 3375 liquid scintillation
spectrometer was used.

Results. Data shown in Table I indicate that [*H]JOH
exchanges with brain water to a similar extent in all
structures studied except for spinal cord in which much
less radioactivity was detected. Substances which enter
mainly the extracellular space ([*H] inulin and [4C]
sucrose) however, distributed rather evenly in all struc-

tures, but there existed a tendency for less radioactivity
to be incorporated into hippocampus than in other
structures. Carbon atoms of p-glucose were incorporated
to a similar extent into all structures studied with th~
possible exception of spinal cord and those of p-fructiose
were incorporated to a lesser extent into hippocampus,
diencephalon and spinal cord than into other structurcs
(Table II). Incorporation of [1C] of pyruvate did not
differ significantly for any brain structure, but the ratic
of [C] of pyruvate to [®H] of inulin in hippocampus
(Table I1I) was markedly higher than that for any othecr
structure. Although the total radioactivity due to [**C]
of injected glucose was similar in all brain stra-turss
(Table I), determinations of the [MC]/[3H] ratios (i.e.,
[14C] glucose: [*H] OH) shown in Table III indicated that
much less of the total water space was occupied by the
[14C] of injected glucose in cerebellum hippocampus and
diencephalon than in the other CNS areas studied.

The results presented indicate a number of trends
which may prove useful for the further neurochemical
analysis of brain structures with respéct to behavioral
changes brought about by environm: “~' »r pharmaco-
logical stimuli. Since the exchange of [*:11OH with total
brain water was complete within a few min, values in
Table I can be taken to represent a comparison of brain
structures on the basis of their tctal water content. For
example spinal cord contains lecs water per g fresh
weight than other CNS structu.es which is known from
other studies. Although some loss of water may have
occurred during dissection of brain structures this

"method may prove to be more sensitive than methods

based on tissue dry weight for determination of total
water content of or -hawnyg:: in water content of brain
which may be brought about by pharmacological insult,
by dehydration® or by other means (e.g. certain nervous
and mental diseases). ’
Although the extracellular space markers (inulin and
sucrose) did not equilibrate between brain and blood at

30 min post-injection it seems apparent (Table I) that

1 This study was supported in part by a grant from the Eli Lilly
Company.

2 E. A. BERING, J. Neurosurg. 9, 275 (1952).

3 F. V. DEFEUDIs, Experientia 27, 1284 (1971).

4 J. D. FENSTERMACHER, in Proc. Symp. Blood-Brain Barrier,
Wates Fdn. (Ed. R.V. Coxon; Truex, Oxford 1970),.p. 49.

5 H. F. BRADFORD, in Applred Neuyochemistry (Eds. A. N. Davison
and J. DoBBiNG; Davis, Philadelphia 1968), p. 222.

8 J. H. QuasTeL, in The Structure and Function of Nervous Tissue
(Ed. G. H. BournE; Academic Press, New York 1969), vol. 3,
p. 61. :

7 F. V. DeFEvupis, Arch. int. Pharmacodyn. 793, 322 (1971).

8 F. V. DEFrup1s, Life Sci. 70 (Part 1I), 1187 (1971).

9 F. V. DEFEUDIS and W. C. Brack, Expl Neurol. 36, 41 (1972).

1 7, V. DEFEUDIS, J. M. R. DeErcapo and G. H. Rorn, Nature,
Lond. 223, 74 (1969).

11 F. V. DeFevupis, J. M. R. DELcapo and R. H. RoTH, Brain Res.
78, 15 {1970).

12 F,. V. DeFEUDIS and R. M. Paorino, Experientia 28, 309 (1972),

13 M. K. Garronpg, D. R. Danr and K. A. C. ErrLiorr, Biochem. J.
94, 345 (1965).

14 J. R. Linpsay and H. 8. BacHeLARrD, Biochem. Pharmac. 75, 1045
(1966).

15 ‘W, Sacwus, J. appl. Physiol. 70, 37 (1957).

18 F, V. DEFeUuDIs and K. A. C. Erviort, Can. J. Physiol. Pharmac.
46, 803 (1968).

17 F. V. DEFEUDIS, Res. Commun. Chem. Path. Pharmac. 2, 189
(1971).

18 F. V. DeFEeuDIs, Neuropharmacology 77, 879 (1972).



415

*(parre1-z £3593-7 S,1USPNIG) X93I00 [RIQAIND I0f 90y} Yiim pareduoo ore sanfeA 959U} UIYM ‘A[DAT

-300d$31 ‘T00°0 > ¢ PUR TO°0 > ¢ ‘S0'0 > ¢ 9180IPUI o PUE q s (59537 7udIed UT STEWIINR JO SIDQUANU "W'H'S T SUBO "SUONINOS PA[[oqR[-A[qNOP JO SUOII0a(uT *0'8 I93J8 NIW (f POOYPLIOES 9I0M STRIUTUR [[V

(9) 010°0 F 6£°0

(6) L£0"0 F 840
(9) 1100 F 500
(9) 110°0 F 0¢°0

(g) ssT0 F 1871

(€) ¥10°0 T L¥70
(9) £000 F €00
(9) s100 F 1€°0

a(9) 0£0°0 T 00T

2 () €100 F $5°0
(9) 010°0 F £0°0
(9) 600°0 F 0€°0

=(9) 9200 F 60'T

(§) 0F0'0 F s¥0
(9) L00© F 500
(9) #1070 F 2€0

(9) 990'0 F 0¢'T

(¢) 1000 F 9¥'0
{9) 8000 F £0°0
(9) 910°0 T 2¢'0

a{9) 2900 T €01

(S) 1100 F S+°0
(9) 8000 F €0°0
(9) 6100 F ¢¢°0

(9) 960°0 F z+'T

3/rovi ¢zro ‘unnur-He

+ 8/-97 o0 ‘oreanidd-ny-T
31§20 “HOH: + 8/ 10
fasoIons-a-dyr-(1

8/t ¢2°0 ‘HOH: + 8/107160°0
*38030N0IF-A- Dy~

$hor ¢z'0 ‘HOHe + 3/1071 10
‘9s00n[8-a-Dyy-1

nnoyey

pI0d Teurdg

uoreydaousiq

sndwreoodd iy

sq[nq £10)98§10

WN[PYRIRY)

X93102 [BIQaI3)

1ySrom YsoI §/UT/SIP U0 Poseq ‘OB He/On

S3S0p pue PI3oalul sIDURISYNG

onbruyoe; Surpgel-o[qnop 94} JuISn UTeIq 9SNOW JO SOINJONIIS SNOLIEA 03Ul Pe)elodIoou] §90UB)SNS IAT}IROIPEL JO He/Dyy JO SOEY "[IT 919l

“(patrel-Z 3$93-7 $,JUSPNIS) X931I00 [BIGRIID 10} 1By} YITM paxedulod oI SOneA 9say)}
uoyMm ‘Apanoadsar ‘1000 > ¢ pue GO0 > ¢ 91e01PUT ¢ PUR » {S3SoyjuaIed UT S[RUIIUE JO SIQUINU ('Y S T SUBSIY "SOOUB]ISQNS SAT}OROIPRI JO UOIIOD[U] '0°S 1918 UIW Of PIJIJIIORS 9I9M S[EWIUE [V

(9 ot+ F 1L

Specialia

(¢) se'0 Fovbr
a{9) §T°¢ T 0°T1T
(5) €07Ls F 8'91¢

(€) g0 Tz 4t
«(9) 00 T €8¢t
(9) Le'zs F < o€

() 160 F 191
n@mw.mﬂh.mﬁ

(9) zz'8e F £+0o¥

(€)zor F Lot
(9) zz'e. FLsst
(9) ¥¥'8c T z'Ley

(6) g20 Fest
(9) 1009 F 8'ssT
(9) 06°L¢ F 6°8¢4

(c) 8s'0 F 1
(9) s9°11 F §'8sT
(9) 16¢ F ¢ 16+

(81971 6070) @1eANIAd-Dpr-T
(3/101 60Q) 95030NI-A-Tgi-1)
(8/1o7i 1°0) esoonyd-a-Oy-N

nmoTed

p1oo reurds

uoreydaouai]

sndwrecoddry

sqg AI0198II0

WN[PaI07)

X03109 TeIqaIs))

{(sg—0T X ) 1ySrom ysaay Sfurw/sip {sjeusSowoy Ul £31ATIOBOIPRY

9s0p pue pajoafur sourisqng

UTRIQ SNOW JO S2INJONIIS SNOLIEA 0311 9)eanIAd pue 0s03oNLy ‘9s00N(S JO STIO)E TWOqIed dATIOBOIPRI jo uoneiodroouy 'TT 9[qe],

*(parre}-Z ¢1s91-7 S,3USPN3E) X03I100 TeIqIS0 JOF jey) 1214 paaedwoo a1e sonjea 952}
uaym A1041300ds31 ‘10070 > ¢ PUB Z0'0 > ¢ 91BOIPUI q PUE » ‘SaseljUaIed UT S[RWIUER JO SISQUINU {"J'H'S T SUBIJ "SO0URISQNS SAT}OROIPRI JO UONO[U] *0'S 19)je UIUI (¢ POOIJLIOES 919M S[EWUR [V

(9) LO'TT F ¢ TIHb

(9) z6'¢ F 8Lt
(s)ogz Fs1E

o(L1) 2€91 F 6'¢Ce

(9)s9zF 1'11
(s) o¢'1 T Z'0¢
(81) €88 F 9 €1¥

(9} 9¢'¢ F 801
(s) s6'0 F L'62

(81) 91°¢1 F Z'00¥

9) ¥z'e T L9T
§)ogy Frgg
(81) 1561 + g°88¢

(9) 62°¢ F 1€
(c) ov't Fo¢eg

<(81) +0°'TIT F 80+

(9) L€ Fezr
(s) 980 Feie
(81) 60°LT F 9°68¢

(8/107 1°0) 9s0100S-A-Dyr-(1
(8/ror ¢z°0) urnur-He
(8/17 ¢z'0) HOHe

ooy

pi0d reurds

woreydesuai(q

snduresoddiyy

sqnq 410198110

wn{{eqaiag)

X93100 [eXqa1a)

(g~0T X ) 1ySom Usaxy 3/utui/sip {ojeussowioy ul A}TAT}OROIPRY

9S0p pue pajasfur soue)sqNS

15.4.1973

UTe1q ISNOUWI JO SAINJONIIS SNOLIEA OJUT 9SOIONS PUE UINUT ‘19JeM JO SUIO}E 9ATIOROIPRI Jo uoreiodioout ] o[qe]



416

no major difference in their distribution exists among
the brain parts studied with the possible exception of the
hippocampus which may have a smaller ‘effective’
extracellular space. Hence these substances can serve
as reference or ‘control’ substances. By comparing values
for [1C] glucose (Table 1I) with those for FH]OH (TableI)
it becomes apparent that in all structures studied
incorporation of [**C] of glucose is a function of the total
water content, but comparisons between [14C] fructose
and [*H]JOH reveal that diencephalon and hippocampus
contain less [1C] than would be expected from analysis
of the [*H]OH data. This may be related to different
rates of fructose metabolism in different cerebral struc-
tures.

Ratios of [1*C]/[®*H] of simultaneously-injected radio-
active glucose and water (Table ITI) indicate that certain
brain structures (i.e., cerebellum, hippocampus and
diencephalon) can be shown to differ from the others by
this method. Less [1C] of glucose entered these structures
than was expected on the basis of [3H]OH exchange which
may indicate that energy metabolism occurs to a lesser
extent (or more slowly) in these regions. The finding that
[14C] atoms of fructose sucrose or pyruvate with the
exception of hippocampus were incorporated to similar
extents into all structures with respect to [3H] (of
[*HJOH or [®H] inulin) indicates that incorporation of
these substances is related directly to the ‘spaces’ of
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brain or to its total water content. This method might be
useful for studying changes in the metabolism of energy-
vielding substrates which may be produced in awake
behaving animals by pharmacological insult or environ-
mental stimuli. However, it must be realized that the
incorporation into brain of substances which can be
metabolized is subject to diurnal variation1%20 and
therefore that time.of day is a critical factor in this type
of study.

Résumé. Une méthode nouvelle est présentée pour
étudier des corrélations qui existent entre le cerveau et
le comportement des animaux.

F. V. pEFEUDIs and W. C. Brack

Institute of Psychiatvic Reseavch and Depaviments of
Psychiatry and Pharmacology, Indiana University
School of Medicine, 1700 West Michigan Street,
Indianapolis (Indiana 46202, USA), 5§ October 1972.

1% A, SoLLBERGER. Suppl. Rep. 5th Int. Conf. Biol. Rhythm,
Stockholm, (1960), p. 111.

20 A, SOLLBERGER, Biological Rhvihm Research (Elsevier, Amsterdam
1965), p. 461.

Untersuchungen tiber Ultrastruktur und Aminosfiurenzusammensetzung der Eischalen von Natrix

natrix

Die Eischalen von vielen Reptilien — insbesondere der
Schlangen — sind nicht eindeutig verkalkt, auch wenn bei
Natrix natrix natvix gelegentlich aufgelagerte Kalkkristal-
le beobachtet werden?': 2. Im Gegensatz zu Vogeleischalen
finden sich in nicht kalkigen Eischalen von Reptilien
vollig anders aufgebaute Proteine®. Innerhalb der Repti-
lien zeigt sich aber auch bei nicht verkalkten Eischalen
eine deutliche Gruppierung auf Grund einer unterschied-
lichen Aminosdurenzusammensetzung. Bisher konnten
mindestens 4 typische Aminosduren-Profile festgestellt
werden: Dermochelys-Typ, Tarentola-Typ, Phelsuma-
Typ und Eublepharis-Typ?2. v

Die in Eischalen von Lederschildkréten (Derwmochelys
coviacea) gefundenen Aminosiuren-Relationen wunter-
scheiden sich sehr deutlich von den 3 iibrigen bei Gekkos
auffallenden Aminosiuren-Verhdltnissen. Das erstmalig
bei Eublepharis festgestellte Aminosduren-Profil ist
charakteristisch fiir praktisch alle Squamaten2 Auch
lassen sich bei kalkigen Schalen von Reptilien unter-
schiedliche kristalline Bausteine ermitteln.

Ziel dieser Arbeit war es, Eischalen von_ Schlangen
(Natrix natrix natviz) in ihrer Struktur und ihrer Amino-
sduren-Zusammensetzung zu untersuchen und mit bereits
bekanntem Material zu vergleichen.

Vevsuchsmethodik. Frische Schalen von Eiern der Rin-
gelnatter und der Membrana testacea des Haushuhns
(HNL-Hybridhubn) wurden in eine 19%ige Osmium-
sdurelosung (0,1 M Cacodylat-Puffer mit 7,5% Sucrose,
pH 7,2, Osmolaritidt 450) 2 h fixiert und nach Dehydrie-
rung mit Alkohol in Epon eingebettet. Bleinitrat diente
zur Nachkontrastierung der Diinnschnitte. Die Farbung
mit Rutheniumrot (modifiziert nach Lu¥r?) erfolgte bei
der Vorfixierung in 3%, Glutaraldehyd (0,1 M Cacodylat-
Puffer mit 0,59, Sucrose, pH 7, 2, 2000 ppm Ruthenium-
rot). Die weiteren Schritte wurden entsprechend der oben

beschriebenen Methode (aber ohne Nachkontrastrierung)
durchgefiihrt.

Die Aminosiduren-Analyse erfolgte an einem entspre-
chenden Analysator nach Hydrolyse in 6 N HCl (24 h)
bei 110°C8. Zur Cystin-Bestimmung haben wir die Proben
nach Hirs? mit Perameisensdure vorbehandelt.

Evgebnisse und Diskussion. Die Eischalen von Ringel-
nattern sind aus Fasern aufgebaut, die untereinander in
Verbindung stehen (Figur 1). Jede Faser besteht aus
einer weniger elektronendichten Hiille (mit feiner, granu-
lirer Textur) und der homogenen Core-Substanz (Me-
dulla-Substanz). Das Core ist von zahlreichen Hohlrdu-
men — besonders bei den Fasern im &usseren Bereich der
Schale — durchsetzt. In der Feinstruktur dhneln diese
Fasern denen der Membrana testacea vom Haushuhn
(Figur 2)8, jedoch ist die Hiillsubstanz bei der Ringel-
natter (0,15 wm) schwécher ausgebildet als beim Haus-
huhn (0,3 um). Die Faserhiillen lassen sich — besonders in
der dusseren Zone — bei der. Ringelnatter und beim Huhn
mit Rutheniumrot tingieren (Figuren la und 2a).

Die Core-Substanz ist dagegen nicht firbbar. Die
Ruthenium-Reaktion in der Faserhiille der Ringelnatter
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