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EMBEAREROSETSARE AR TA2EHNT. KEETHKS Yy FOBEHMICEEK
A5 LUEBOMmMIE ([Nalp) . BEENayBEE ([Nalesf) ZEBMEL =. BEBNaIREEDE
EHED =D, HEAmDOESHENBE/BE B IEL 2. NaRIRIEEBEIZ. Naof T 23
#iAeBis(12-Crown-4) L EEE L LTHELE )V TERLRE, BHEONaEE130-150 meq/l
2BI1F B ISUEHBRIT 0.5 neq/ I THERNEHEEATOM, K43 VOBBIEITMATE
7o [NalpDEEREFHERF 2 OBETHWT WA flow cell typedNaBESZ A Z7 A EIR
Tfo%k. EERYH. Jv M2EHBETCHREQLNLNCHY T ZHAKEZRE» T TT -
7216, BHEIZELTH»HPentbarbital REL T THAUMEICNaEBZRIABEL 2. EHIC
KIBEERICAT—F VA FAR, GHABERERONAEEBL-y MEREL Z, KIZEA
REBLAEE S — L Fa—T7 0 6EEI00g%4 D 2.50]l OEEAK0DMM T THLEEA L, E
AR (EEREIME10nin) . $EAH (10-20min) . FEATE (20-40min) o ([Nalp, [Nalesfod
AL ABEBRAEL R, Xblc. BAEERONIE. MEMOKE ZiENas T > OBE}IFHE
BT 2T, EBASY PTHRAROIMEZTVWERAKT v b B

Bizk#g, [Nalp. [Nalcsfid#tllmea/kgH-08M0L 72, Z&BWAKE PEARMIDHEICEEIC
(NalpoEFASHE . 26.0minic-11.6%+0.9 neq/kgH:0(nean+SE, n=6) DB EME R L. %
DIREIE 7 DELHIEUERK TIHIZIZ-10.8+0.7 nea/kgh0T H o =, —H. [Nalesfid
[NalpfE TR BRW - <D TR L. EBRE TRICIZEAFEICH~R-5.920.5 neq/kgH0D
BEAZT LR, EE. [NalpAZILL Th 6 [NalesEWE(L T % F T O JOE & HE R [ & B7 7k
B JEMKkBTERD B L. JEBKEETIE5.320.6 nin(n=5), MAKBETIX2.0%£0.5 nin2H
B0 01)EMmLE, =, [NalpZ{b(aNalp)izxtd % [NalesfZE (L (A [Nalesf) D #l
&% (NalpOE{LORED K % \WEERBIIA£0-200inTRD 5 2. FEBAKBTIZ0.43£0.07,
BAKBETO0.3TH0. 07 CHBMICEERZIZ P2 2. —H. EBER TR OA([Na]csftDA[Na
lplcK 3 25803, JERBAKRBETIZ0.4920.06, BEAKBETIX 0.55£0. 06 HABHMITHEEMN
2. ¥EEREFROBICWE W TERMB%-2IinTROABEL OEREN 2N .

PEDOEEMS, BAREERICIX Nalesfid [NalpDZE bicH U 2nint2EEDBRETH- T
BEL. ANalpDAEEDELETO - S DEBELTWS S &y ¥ 2Bk R I & %
EMOKF = 13NaA & Y OBEATET B T LRI h ik,
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Eh, Sy MEOEYTIRERBRASERICKEZERIE T, BAKBICERT 3HR
BxEELZW XM NRTED. Adolph??’ 5k Zh % B MK (voluntary dehydr
ation) LA 7, Fhebld. BEBAKFIITFERZZROBICESVEDNS BT, BRKE
KEFEERT 3 L BBOEREE(LAR E. OBHHSE LUKMROELZEZDTH S
CrEBELMICL. BEEORLEEIRZESWRATTRTHAIZ EEGELE! 12
1510 Faohh, RAKEERICZEECERG P EBERAGNICERT AL EWEMIL L

MEEEEE. MENBEFAORELTWAREESREICBWITERBRZLTWA LN
BAEITH B2T, LrL. BMERICERBREEEKZEANT S LHRTEH ' DNaFlR
ONpEBradhac k. FEEAEFCHKEERICE. MBFOHZOTRERN (KA
EEFOEERARBETIEENEEINTWS2Y, EBIEIy FEAW. BAEER
OBNE 2 MG FNaGBEORMZEARMICh 2> TERAELEER. Ty MIBRHRKED
F60-80%% B HDISLINIICERT 35, COBROMBEFNBEIZTERZEIZ LW IEWD
ERUETENBICKFALTETLTIWSZLA#BEL A, 20O Lid HUKMBRIRZE
ESEMAEICThh, BRWEIICE W TKRSEIRIC 20T 5 feedbackiB N TICEH
LD TWATEEEATET 5, 24 BAREROMEIZEEOIELETIIME.
FELOMICEVIEETEOREEL, K. BREEOAM2BEHNEE 3 TaENH 2T
O, L L. TOBRKMAOBBEEEDRBENZIIZTOVWTIIRERSEZ AE 1,

AHEOEBIZI Y B W TRSBIRICESHEEFTONJBEDERMEELEILT 2
redic, BAEEROBEBNEERLZMBEREROIREEDR L OMEICENWTEE
THEZETH 5.

2. MAEHE
2.1, Nagg B0 ERL

NaSBIRMETE D VERL 12 td. Naof & 33 i JeBis(12-Crown-) P EISEE » L TiE{b 2L %
BwE2Y, oo, AELImEERF—-NY VI 2R LEY I ARSI —D5%



EcNaBRSHEAER L 2, K. REREOLRICHZE. ImOEBERELEEL. HaE
BAEERLTERICEWE, Table lLicEmEEET T, [Nal: 130-150 meq/1DEM IS
B ABmEDENEICHT 2BUEEMFAIZL0.5 neq/1TH > =, F/pH: 7.2-7.5, [
Kl: 2-10 meq/1 QEEICE W T, PHE XU KIOEBEAANDOZEIIMWRT & %

2.2. MBROHHERNDIHA

Fig.] RERYRXFLADY AT 5b%kRT, WistarkdI v b(FE200-3008)% 5
5 UHBEEEC, ANEE0OEERRETESMAREBTIRMBEEL THEDILL
AT2.05(n=6)DRKEEFL 2, FOHRERICEL. PentbarbitaliRERT TAREREIFIRIC
NF—FNAEBALTENAY v FEERLUER. EER2OBETAHNWTWSMEON
BE ([Nalp) EHEMEL=y PBHELA', D&, MEEHE (SR-5, Narishige)
FRAV., BERREICHEATNER2BIABEL 2, circuit groundid KERFRAGAIM 3N K
Cl agarZ BB L AN E 2O = — )V F 2 —7 2BE L. HE&ENaEROreferenceEE &
DEME. NaBRLOEMEALAFhRFRER 7 V7 (FD223, WPD)IZA I UNat F »Delec
tromotive force (EMF)%HIE L. EEREBBEHONOBE([NalesDEKRDZ, € ODIE.
TR EIMOL ==V Fa—7 % BABEEL T, injection pump (CHA/100)%FAWHE
100g4 0. 2.50l0FEEKE105MIchzo TiEA L, EAF-10 nwin), jEAH (10-20
min), ¥EAE  (20-40 win) ®[Nalp, [NalesfZ{bZEHEMEL 2. ZOFEDKDERNIE
AEIF. FEEOHRKS Y McERICHKABZ2bEEROKSEREEZSEICLTS
Tl =18 Na A4 3 QENFIEL secdEI2A/D converter (Thermodac E, Eto Denki) % #E
T2 (PC-286LE, EPSON)IcER % L. 30 sec OERELX B LE, ThEFNERODcall
brationiZ EERAIZICE W T, PHT 4ICRE LERER([Nal: 100, 140, 200 meq/1 [K]:
5 meg/DTITW. MEB LUHBEFOBEDEEEWEL Tke/ H0THRLE'S . T 61T,
JEFHAKSY P(=5)THERBROT O P — NV TERZITWHAKEE L LB L =,

KR ZIcB T A ME. MEOLFMARELEZLER TS 2D, LEBLAFORGTTH
EDI.1£1.1%(n=8)DEMBKEZETLZFw bZD2WT. Pentbarbital BRE: T Tciste
rna magnadk D 100 ulDEEE. FAROEMELDL alliFEERML T, hematocrit (Het, &
iR . MmEEEEEEL. solids, refractometry), M= (flame photometry, Cornin
g 480). BEWEFNa, K B (electrodei®, Corning 905)% FhZhfllE L. JERBAKE (n=8
Y HBLE,



2.4. GEHIE

EVHEOEEEORERIFICE boZ VWP ED, BDEBELIMEICKIT 2 —TLRES
£ H77E (ANOVA) & Tukey D B /NE B Z M EE (Tukey's HSD)ZE AW, 51O BMETIRMRH %
EHMUE2S, @EIFIIIEBrace®HED 1T > 72,

3.EBRE B R U
3.1, BkEIRIcBITAMTE BAWILERSOZEL

Table 2 |CHRAEE L JEB K OME. BAOILZEM Z R T, Het, Pl. solids 55
&35, BiAkigplasna volume 1320%8 43 5. [Nalp, [Nalesfidzh 2 hBiKET{EIC
~11 meq/kg H20 EF L 7= (p<0.0D) LA L. [KlpiZi#iz0.5 mea/kg H20{E T L 7 (p<0.01
Yo —F. [KlesfiZZ L L - 2(p>0.05), HiKBE. JEBRAKBIcP2b6F. [Nalesflx
[Nalpiz ¢ &X4-6 meq/kgH0 {&< (p<0.01). [Klesfid[Klpic < 5-X0.5-1.0 meq/kg H20%2
BEWEZTLZ(P0.0D).

3.2, ZEKREAFARONalp, [NalcsfDZE1L

Fig. 21zJEMEREE (top: n=5) & WA (bottom: n=6)ic oW T, BREEKEARD[Na
Ip. [NalesfDZELEARFEARELDEL UTEHELSETET., HREKEBTERNEAMEE
FBEDEBE DARIC (NalpDETH B EFEAFERNS vinz X TETLD D, FEMRIK
BTIZEERMIBE25.5 ninlz-8.1+1.3 meq/kg HeO. ERKEETIZ26.0 min 2-11.6%20.9
meq/kghz0& JEMHAK B IC EANE B (p<0.05) ICBEWREEZR L7E. Z0H%. JEBKEED [Na
IDIZIEAREANEREmMAZTL 2D, BABTRIEEEEZERRTREITHFL 2.
EERRETE. (NalpOZ L{EIZIERKEET-6.320.50eqT%H o 7205, BiAKBFT-10.8+0.7
neq/kgH20THE(p<0.05) 1B > =, —FH. [Nalesfik[NalpE FRMEEYW > <D TEL.
TR T RFICITZEERIFEARNICHANIER KB TIE-3.220.4 neq, BARBTIZ-5.920.5 n
eq/kgH2 0T IEMIAKEE I LERFEIC (PO ODEWERR L 2,

wiz, HGBAKEAZD Nalp, [NalcstB{bDRERMERNZ, B2 OHFICOINWTIEA
FIEIC A, EAZERE@O.09)ICNaBEMET T 2RMZRD 3 =iz, HEKIEAR
LMD FT —% (n=21) D FHE L SDZ KD, LE-2DLI FlzNaiREAET U = RE%Z &’
ELF, TOER. JELKEEO[Nalpld3. 8+ 1.3min, [Nalesfld8.7+2.4 ninBICiE AR



EARERICETLE, —H. BAKEONalpTIX3.320.9 nink JERAKE & Eb 620D
[NalcsfTlx5.1+1.0 mink 7z D, BIAEOHAIEBR AR ICERFR (p<0. 0D I B &ERHE
MEMELE. ZOBMBUKEICE W THRBREAE NalpPIEBKE LD REBILE
EDIEEEDLON. EREOME. MEMBMOKEEEZA L > OEBENE(LLEZE
DPEBRETIENTODEDX D2 EITZT> %,

3.3. [NalpZ{h(a [Nalp)icstd 5 [NalesfR k(A [Nalesf)Dlag time BT
A [Nalesf/A[NalpDHRSE

Fig.3iz[NalppZ{b L T 6 [NalesEWBE{L T 5 £ TOEERH (lag tine) DR D F z R
Ui, BEMIETTIRREZINRT WAL 'Y, BRHT s, M. MEMICHFET 66021
M FEMRIFT % black boxk B &, AlNalpz AHBARK. AlNalesf2 WAL LTHEEDHE
WK (R A BERBE(ATOME L LTKDE, £LT. ROEXREQRa)ZRT L EDA
Twax% b & & [Nalp, [Na]csfRI DB BERR & L 7= (Fig.4), AT [Nalp, [Nalcsidi&®
* & B FERMEZE-200inf (=4 D)DF —F ZRAWTIT> =, TOER. Table 3
R TE Iz AT axlZIER AR TIE5.3+50.6 nin, MBHABETIZ2.0£0.5 nin 2 HE(p<
0.0DICEML 7=, Fig.5lcATnaxEHEL ZROA[Nalpk aNalest e DBEREZ ZNE N
OBOMBFHTRT, COEEE2FNREFNOMTRD B L IEMARTIX0.435 0.07. K
BETIH0.37T£0.0TTEREZ R 2o = (Table 3), —H. ERETROA[Na]csfD A [Na
Tplcitd 2E&1. FEMAKREETIZ0.4940.06, WAKETIX0.5520.0622) MEETHEE
E2, FEFRFROBICBEOWTHREED ORDEBLEDEREN 2D 2

4. ER

B AKBICIZOETOAZ AT, REONGBEED K211 neg/kg He0 EFL =, #Z
LT, BEESKECEHITIEEOKETNEATIE. FTEARKREISEROEL
BHTH > TNalpA B4 L. 155 % Nalpld BlKATOEICEIR LU=, —75. [Nalcs
toZ{kizNalpiclb~N$BETH D, [NalpOBBLZE/ICH LI ZR L E. > T BiAK
EERICIIMEBRDIZEEWNa BE)PBKO@EICERT 201, MEICHRED BV
MAEET 22 LFPEEMICE> =, E5lc. Table 3R T RIS BIAKEE TlLIEBI KB 12 Eh~,
M. WMEMOKE=ZiENaAF VOBEENFTELTWEIEREE =,

ZOED2BKEERO([Nalp, [NalcsfDFBENFBRKRITENCE X 2 BB IETHEN. Ru
ndgren5 23 g bV Y RABREBIKIC L THEF L BERONGEE 2B ME T AL EDEKE
EEEAEKRIESICE o TIE. BREPONBEL ThENI 2 CHAELABEEICE
TEAEICENXEZL 20BKELR LB 2, TOER. BKRICIESMEIC 0K E 2138
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BEONGBER RS EEROUBSOSRKEEZRDEZ, COZ b, BoRKRKBOME L
B oNa EFIZO@RB L UTHEEAEZEELTWA EBRLTWS, SEOEERTIEB
KEERICIERRTONBEZERREMPI Y bo— VIR FEEICHT X W AR B
B2 LBISMIZIREERB L U TE &G 17, IR EEREORKEIE O 0BT
CLULTEETHAZ LETRKET B,
BiRFEOMmMBMEMDIKE =iFNas F Y OBHEDOTLEICEAL T, Cserr b9 ' DI )L
—7IREERICERICRER, FLEEREEEKREBRSELTHMANDK, A4 v OBH
HRANEER, DEZMBEEEOCET. ERICHULWTNhOBHE D MAINOKOBED
TETEZ L, £ MAOKBOEEEZRAMT AL ICL > THANDIEEEDER %
BAOLUTHEEOHMRICE I A2BELTWS, THBDA DX LDOEMIZAEEH.
WREREEMEACEE LOBEOREE 2 EF X ¢ 2L THMICMBREAFILPEEL &
AHEZNTWS2Y, Rapoport &' I HEIREZMEMICIEA L T, Evans Blue TS~
L ZAlbunin®d EBEEEAFNLER, SEROBEESL, 600000 T EEZEREOLENT
ok, oK ENRMEPERERICICE > Tshrinkaged B Lz iR
FTwd., AEBOBE. MEEELTOELFIEI2000s0iB &3, BR2EFICE>THE
EREDPTLE L L 1EE IS WAl K. NaoA F VizAlbuning Ficlb N 2 ICBESFT
bAED, EREOHMOTHEDLTLZICEITETEZ VW, 2512, ERENICHEELE
DAHELMa» 6 MM ERAES . REES . RMELEO CWEEHOERISEELTW S
ZEAMHmEZIN TR, MENADHDO REERGAOBMENFERX N TWA'®, Rosenber
gHPV IEMERMICAIEERE T 2L REPSGIMEEADOKOBZEREN2UEICTTETEZ &
WP L. EEHEE, BEEEIICADHAE R L TwaBrattleboro ratk AW TMiiEEE
ERRICEFIE L EORAOKOBEHRE EHE T S LBrattleboro ratTIFbLIEE
KETETLTWAZEPEEZNTVWED, LrL., 2HL0ERERTAEICmER
FEE%290 n0smA> 5390 mOsnE TELEE AN, EAEBEOKRSAANEE?S D1,000-
10,000 BDEESZ2ToR2 L&V DERTH- T, BMBARE L WS ABER TDIZE
EREAAZRXLDBERICEOEELTIZELPESEOWEICEEZITNRIEZBRZ WV,
MmN EEAL o 9 2 BEENaiBEE (L (ANalest/A[Nalp) % FBRIFEABKEL
0o DERFRE»5KD B L0.4-0.50(E% & D (Table 3). ZEKTRU0 nin)ickd ~=
BEE—HUE COZ2E. COEREB - ERFMOTGEETIZ[Nalestid [Nalpd
ZILBODA-505DEETENT 2T L A2E%T 5, CORRAOHEMIFHATH 205, B
CIMWE. MEMOKEZENaA F Y OBEBECHEFEIZ. REBEOKRS., TREEICH
ANhEnEDiz, IE (NE) PSRE (ME) ~K (NaAfF ) PBELTDS. X6
ME (REE) »oREE (HE) ~k (NaqF V) PWRETZEDIC. WMERONEE
MMEFONGBEEICETETT20RBEPPLBEEZ6NE, 250 T. MEBEONa
BEVPRKEDZTNICHEN, BETELRL23ETETLAEL &, FhFhoNIBEZLY
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Table 1

Characteristics of Na sensitive electrode.

Size mm OD 04-0.5
Slope mV/decade 57 - 64
Time constant (90%) msec 30 -90
Input resistance Ohm 107- 108
Drift mV/2h <0.2
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Table 3. Relationship between change in Na concentration in. plasma and

CSF.

Rat No.. Y=AX+ B Rmax ATmax, min

A[Na]p (X) vs. A[Na]esf (Y)

Euhydrared group (n=5)

1 Y =0.28 X + 0.03 0.954 5.0
2 Y =0.27 X +0.06 0.930 3.0
3. Y =0.55X-0.13 0.958 6.5
4 Y =0.58X-0.12 0.904 6.5
5 Y =0.46 X.-0.37 0.876 5.5
MeantSE A: 0.43+0.07 5.3+0.6

Dehydrated group (n=6)

6. Y =0.26 X+0.05 0.957 2.0
7 Y =0.28X-0.04 0.991 2.5
8 Y =0.22X+0.03 0.944 0.0
9 Y =0.38X-0.31 0.922 1.5
10 Y =0.66 X-045 0.919 3.5
11 Y =044 X-0.35 0.801 2.5
Mean+SE A:0.3740.07 2.0£0.5”

Slopes (A) show ratio of A[Na]csf/A[Na]p. ATmax's indicate time lag that give
highest correlation, (Rmax). The values were determined by using the first 20 min

data after the start of infusion .*Signifficant difference between euhydrated and

dehydrated conditions.(p<0.05).
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[Figure Legends]

Fig. 1: Diagram of the system for continuous determination of Na concentrations

Fig.

Fig.

Fig.

Fig.

in plasma and CSF.

: Change in Na concentration in plasma and CSF after water infusion

into the stomach in euhydrated (top) and dehydrated (bottom) rats.
Animals were infused from 10 to 20 min C(hatched area) at 0.25 ml/100g
body wt min. Mean*SE of 5 rats in euhydated and 6 rats in dehydrated

condition.

: Changes in [Nalp and [Nalcsf on a typical case (rat #1). Correlation

coefficients between A[Nalp and A [Nalcsf were calculated by varying

AT every 30 sec.

: Correlation coefficients (R) between A [Nalp and A[Nalcsf on rat #1 and

#7 are shown as a function of latency (AT). Highest correlation

is observed at 5.0 min on rat #1 and 2.5 min on rat #7.

: Correlation between A[Nalp and A [Nalcsf are shown after correlation

for latency (ATmax). Data from 0 to 20 min of experiment are plotted.
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Continuous determination of Na concentration in CSF during recovery from
thermal dehydration in rats.

Morimoto, T., Nose, H., and Doi, Y.

Dept. of Physiol. , Kyoto Pref. Univ. of Med.

To determine changes in Na concentration in the cerebrospinal fluid
([NaJcsf) during restitution from thermal dehydration, we developed a method
to measure [NaJcsf continuously in-rats using a double barreled Na sensitive
electrode. The Na sensitive membrane was prepared by immobilizing an ion-
exchanger (Bis 12-crown-4). The confidence limit for measuring Na concent-
ration was *0.5 meq/kg H20 within a physiologic&l range. We placed the elect-
rode in the right lateral ventricle of an anesthetized rat thermally dehydrated
by about 11% of body wt. Na concentration in plasma ([Nalp) was measured by a
flow cell typed Na sensitive electrode placed in an extracorporeal by-pass
circuit between the left carotid artery and right jugular vein. We measured
changes in [Nalp and [Nalcsf continuously during the infusion of 2.5 ml/ 100g
body wt of distilled water for 10 min and following 20 min after the end of
infusion. [Nalp began to decrease 3 min after the start of infusion and
attaihed the lowest value of -11.6%0.9 meq/kg He0 at 6 min after the end of
infusion. This level was maintained until the end of experiment. [Nalcsf
decreased slowly after the start of infusion and at the end of experiment the
change was -5.9+ 0.5 meqg/kg H20. To assess the change in water and/or Na ion
movement between blood and CSF in dehydrated rats, the response time of [Nalesf
to change in [Nalp was compared between dehydrated(D) and euhydrated rats (E).
The response time-in E was 5.3+ 0.6 min which was significantly larger than in D
, 2.0%£0.5 min (p<0.01). The slope of A[NaJcsf vs.A[Na]p determined from the
data for the infusion period was 0.43%0.07 in E and 0.37+0.07 in D without any
significant difference. These results suggest that [NaJcsf showed attenuated
and delayed response against acute change in [Nalp and recovered more slowly
than [Nalp during rehydration. In addition, the movement of water and/or Na

between blood and CSF was accelerated during rehydration.
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