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Determination of the rate of oxygen release from flowing ery-
throcytes in a microvessel—Development of an apparatus and
the application to microvessels of rat mesentery.——

Norihiko TATEISHI (Department of Physiology, School of Medicine, Ehime University,
Ehime 791-02 Japan)

An apparatus for determining the rate of oxygn release from flowing erythrocytes in
microvessel was developed by attaching the following units to an inverted microscope. -

1) A scanning spectrophotometer, equipped with a grating and a photon counter, was
connected with a narrow light-guide, as to obtain the absorption spectrum (wave length
range : 450~650 nm) of a focused spot (of 5 pm diameter), and then to calculate hemoglo-
bin concentration and the oxygen saturation.

2) To measure the velocity of erythrocyte flow by dual-spots cross-correlation meth..
od, two photomultipliers (joined to an analog-digital converter and a personal-computer)
were connected to the microscope with two light-guides.

3) An image-processor was used to estimate the diameter of vessel from the digitized:
video-images. )

The performance of the apparatus was examined with hemoglobin solution and erythro-
cyte suspension (by flowing through rectangular capillary tubes). The apparatus was
applied for microvessels of rat mesentery to determine the rate of oxygen release from
flowing erythrocytes. The rate was maximum in capillaries, and the rate in microvessels
of arterial side was greater than that in microvessels of venous side ones.

key words : absorption spectrum, capillary, erythrocyte, hemoglobin, oxygen release
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Fig, 2. Spectrum of hemoglobin solution ob-

tained by photon counting.
a) Spectrum obtained by photon counting.

reference(1°) . isotonic sodium phosphate-
. buffered saline,
~sample(I) . hemoglobin solution (2. 8g/
dl),
light - path : 400 pm,
gate time : 200 msec.

minimum grafing 1 0.4 nm
'b) Visible absorption spectrum, obtained by log
HI0/) from(a).
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Fig, 3.

a) Relation between hematocrit of erythrocyte suspension and](c - d). Meas-

ured at the wave length of 450~650 nm, ¢, hemoglobin concentration (mM) ; d, lerigth of
light path(cm). d was 50 pm (), 100 pm(@), 200 pm(A), 300 um(A)and 400 pm([]).
b) Relation between length of light path and (c « d)/Ht., (cd]/Ht. (cm « mM/%) is slope

in (a).
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Measurement of erythrocyte flow velocity.

Light intensity(in ordinate)is monitored at two separate points ona microvessel(with the
distance between arrows, w). The change in lower figure (observed at down-stream) is
delayed by 7 in time from that in upper figure (observed at up-stream).
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Fig, 5. Reliability of measurement of erythro-

cyte flow velocity.

Erythrocyte-smeared plate was moved at known
velocity(in abscissa)and the velocity (in ordinate)
was measured as shown in Fig. 4, Solid line is an
identity line,
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Fig. 6. Relation between the diameter of ery-

throcyte flow and [c « d].

Obtained at a gate time of 100 msec., Diameter
of erythrocytes flow (D’ : pm) was measured for
microvessels of rat mesentery.
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Time course of deoxygenation and reoxygenation of flowing erythrocytes in a

microvessel (diameter 17 ym) of rat mesentery.

Overperfused with air-bubbled isotonic sodium phosphate-buffered saline, and then
deoxygenated with N,-bubbled isotonic sodium phosphate-buffered saline containing
20 mM Na-dithionite. Reoxygenated with air-bubbled saline. — :@averaged value to
oxygen saturation of erythrocytes(%)(the length of bar shows the time of obtain a

spectrum),
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Deoxygenation of flowing erythrocytes in a microvessel of rat mesentery.
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Absorption spectra were obtained at two points (1 mm apart from each other) of a vessel,
inlet (8 ym in diameter) and outlet (12 ym in diameter). Overpurfused with air satulated
buffer (upper) and with N,-bubbled buffer containing 20 mM Na-dithionite (lower).
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Fig, 11,

Relation between optical density of erythrocyte suspension at 520 nm and

the hematocrit : compared computer simulated results with observed results. .

Measured for erythrocyte suspension of various hematocrit in rectangular, capillary flow
channel ; length of light path were 50 pm (Q), 100 ym (@), 200 pm (A), 300 pm (‘) and
400 pm ([]). Solid curves are computer simulated results.
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FOFORW & LAOS—(CHTIHE
—F#) CBLAPOFORERECRETRE—

& K #®
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Effect of Intracellular Organic Phosphates on Erythrocyte
Deformability. Yoji SUZUKI (2nd Department of Physiology, School of Medicine,
Ehime University, Shigenobu, Onsen-gun, Ehime 791-02, Japan)

Organic phosphates in human erythrocytes were selectively varied by incubating fresh
human erythrocytes in phosphate-buffered saline containing inosine, pyruvate, adenine,
and/or adenosine in various concentrations. The deformability of erythrocytes was meas-
ured at 24°C with a rheoscope under shear stress of 8-82 dyn/cm? (1) With increasing 2,
3-DPG(5~15mMy/! cells), undeformable erythrocytes increased due to the increased mean
corpuscular hemoglobin concentration (MCHC). However, these cells became deformable,
when the MCHC was reduced by suspending in hypotonic medium. (2) At the same
MCHC, the deformability of 2, 3-DPG-enriched erythrocytes was still reduced, compared
with that of control erythrocytes, probably due to altered membrane viscoelastic proper-
ties. (3) 2, 3-DPG-reduced erythrocytes (2.2mM/I cells) was not altered in their defor-
mability. (4) Deformability of 2, 3-DPG-enriched erythrocytes was not changed by lower-
ing oxygen tension. (5) Deformability of erythrocytes was not affected by varying intra-
cellular ATP in the range of 0.5~2.2 mM/! cells (ATP in control cells was 1 mM/! cells).
(6) Increment of IMP (~0.9mM/! cells)and ITP (~0.5mM/! cells) did not alter the
deformability of erythrocytes. (7) Interaction of intracellular organic phosphates with
membrance proteins was discussed.
key words ; erythrocyte deformability, 2, 3-diphosphoglycerate, adenosine 5-triphos-

phate, inosine 5-monophosphate, oxygen tension

DL IcfEEER R EDlc = Rx ¥ —REOEL

[. #& CIb, ROROABEEOET, fll, 2

mj

My, i bAE~OBRERLVIE
EhABEEEN DS, MEH»OABR~DOBREHE
BEiz, Ofmn¥kL~=srney (Hb) 0F,
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B AN =2 R ARB LTARBRENRS . flz
X, ATP B LTk, ARMBRPIEES 1/10 =
ETT5 & RMBTAERL LY, I bioRimEk
BHESETTHZLORMEIh TS, L
ML, ZDX>ic ATP #BHRd S84k
HT, RIMMA A Vo 7 2O INTe &304
DERDL B Y ATP ¥IoEH L 125 Whic
V.

AP TR mER O RBEPRRE 2 A TR 251k
S, FEERY VEMEAHE T h F Rk Bk
DEFCED X 5 e85 Bl 2 5w Rkl
CHRE Lic. $hebb, OF FHRIMBA O
ATP, 2,3-DPG i & 0B vEM LS WEE
%, RMEBRBELZE 2B BHE, o
FHRWCHER T 2 HELZHE L, @2onT,
Vi An—FEEACCRNBREMRELHE L
. ThOOEBRERYSE2, B VL
Y L RMBEMREOBEER DWW TEE L
fo.

I. % *

A. Sk mBRES 4 AR

M BERRARBIRE vigm L, ~<y v
(10 unit/m/ M¥K) M UCHRE 2B o 72,
4 CTy&D (3,000rpm, 5min) 46, mHE, Hi
REYREL FRY VEBRE{LAEX(PBS:
50mM  Na-phosphate, 90mM NaCl, 5mM
KCl; pH7.4 ; 285mOsm)C 4 @& L.

ARMIRAAERS Y vEMLAY OEIREIER : &
B YRILEMOW, RMPROEENME, &
IMERGRRE & BB LCEEET5 2, 3-DPG,
ATP,IMP &% C& 3121 B TR X ¢ 57
DUTOBRBEYS IR, ks, Ehig
TERC RN BE L e B & i X 58
HBORRLACKbLS X 5Tk L.

1. #HKRIMMBRA 2, 3-DPG 1 Deuticke 5120
FECE T TEABE(1~20mM)D1 7 vy,
10mM v A e viER, 5.5mM 7 FoEding -
PBS iwRIMER A IFHE IR, 4 vF 23—+ (90
min, 37C, Ht 20%) L<#nX 7. 2, 3-DPG
OB LTt pH6.5 @ PBS G 1 v+ -

~— }(90% 7243 180 min, 37°C, Ht 20%) L
FREL U7,

2. FRinEkA ATP 11 Bartlett & Bucolo®
DFHERHE L, &4RE0.025~2mM)o 7
F=v, 1mM 4 >vv, 55mM 7 FogEs
Mz 7z PBS WiRkMERAIFHE I, 1 vF o=
— }(90min, 37C, Ht 20%) LTHin X ¢ 7-.
ATP %@ e7cikhs pH8 %713 pHT7.4
@ PBS T4 vF .~} (90min, 37C, Ht
20%) UCHESL L.

3. FRiMuERP IMP 1358 & (0.25~5mM)
DA 7 v, b55mM 7 FugEding - PBS iz
MR AFHESE, [ vF 2~<—} (90min,
37C, Ht20%) LTHnE @i,

4. WBARIMmMBRE 5.5mM 7 F RN e
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LB Ve, tRRIMERAI O R EH I Y
VBLEHERIFBRORADO DO LR v
11/'@%-07’(2.

LEO X 5B LicRkinEk % PBS ¢ 2[H
T, RMBREMEORE Fvic.

B. FmEAEHRY VBILESMO TR

ARMERA 2, 3-DPG 13@$HEE2w L v L
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K7V xY vE s &% —+ (Boehringer Mann-
heim GmbH, Germany, EC 2. 7. 5. 3) #fgH X
B, TDORAT » X —E¥ERR YLD 2, 3-DPG
POBEIhSERY v ) ST VR T v E
=vaHWTERLL.

FROBAT Y YR 2 vt FREEKE 27 »
= b 77 7HI X )RR L. Bartlett? o Jk
LT, —ERDRIMERH S Py 7w
BBl v 227 vds Pl BEk7 e~
F 257 (&, Model LC-6 A, B ) ic X b
B 17:®. DEAE-2SW » 5 4 (HvV, @1+
VRN T A, 46x25cm) HHWTI0Y T &
b= b ) AFEETT 01M 25 03M KH,PO,
(PH3)DEHBEAEI X b 0.9ml/min D
TR 7 VvAF NOLHE « BHET 7. BH
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WHEE 264dnm tE=%2—1, X7 VvAFF
SR /7e=r /S5 koY — 7EEYD L
EREpMBELHE LCHE L. 77 =1BO=
* A ¥ — #i & (energy charge), EC(A),
13, EC (A)=(2(ATP)+(ADP))/2((ATP)+
(ADP}+(AMP)) & LTRdT (1 7 v VERIC
DT b AR LTk ; EC(I)).

C. FrmMRERIEDRE

FMIREH A, FEUMHE (0.8°) —FiREks
EEH (RGeS, ER)LETEHEE () v~
A¥z, IMT &), 75y v fTCERBUYER,
MS-2308), HE/REEE X VEBRIh S Vi
Aa— 72 RT3l E L e3® (Fig.1).
16.5%dextran-PBS #¥% (Dextran T-40, Phar-
macia Fine Chem., Uppsala, Sweden : 9.3cP:
pH 7.4 : 24C) wififf ¥ & 7o RINER & EIEH
Y—FREI AR, 24CT8~82dyn/cm? D
BHETT IR D LT C, KRR YEFFREN
ReER IR, cOT hILI4&E&O MEA
BT oA CHIELTWS. BERLE
FOFRYEERY L, toRMR(L) L EEHE
(S) %5 L, EWigH : deformation index=
(L—=S)/(L4+S)Th » CEHREDIREREL L1

FRMIROEHEETRMIROLEE, PITBHEL,
ORI X > CEAShSD. ZZTRTH
5 3 ODEROEIBEHEC RIS THE LXK
BT AicbUToRCTR LK.

1) FHRMEROEE | FRIIROFEIERH—&

SEEEbis E, LW o, Tihbbh, #

Camera

Flash
AT
e

\ __________

Fig. 1,

Schematic diagram of a rheoscope.

%% 6 BRI RBREK T TEH L 5ICM v
F o - P RIS ICERE L.

2) HNEORSEE @ X RkERA~E SR E ViR
Brl-Tnb. RIOEBRAROFEMEMHFCID
FRMERABEH A (F 73 3mm) L, PRIEREEED
(I WA T5. 22T, BREHER
CPHARIMERP~E 7 v € v igE (MCHC) 28
E L, ARMFRARECERDLHEE MR
BHBELYE 2 TRNRANFCKOBE) 2k T
T MCHC (F7h bAr IR ) 235
LB X5 Lic (ZOBREIFBRE ek
R/ BELEL—BIRDHIERRSD).

3) BEo¥EM: | REHE 2 —E I Licskiil
ROBEHRERTNET 5 & LI X o THRORA:
DO LEBH L.

D. FmEtERORE

~< 27V b+ (Ht) 3= 72~<} 27
o bEE, ~EZ7rEVvEILICN-2 b ~EZ Y
VESIW X hIIE Ul AR ERENS B B mERET
BEE (FEEAET, CC-1108) 2H\WCi
L.

SERFRIMERAR (MCV), FHRmEkpA~<
7w vk (MCHC), kMR~ 7 »
€ vE (MCH) iz FRR&RIEE, HREM L.
7o 3, packed plasma B AEREFEN L
TE—E (2%) Tholkld, MCV BIV
MCHC EHi bl - THIE Lish -1

FinEkPy pH(pHi) i3, BEEREE X b BUh
pH B TRIRE Lic®.

E. &eEgin

SEEALERY Student O t-test I X W HHEE
REXBIR-TC. :

- % R

A. FmEBRKHOEL
1. £ 7 vv—EALEY vEE—) vEER
50mM Y vEs, 10mM ©r v VBT A
v VBERET L, FRINERA 2, 3-DPG 235
L, 5mM 4 7 v~ v 2, 3-DPG o#imidik
2H b { 7t -1 (Fig. 2(a)). 2, 3-DPG #&
EEVIIER O# 3 £%5 (16 mM/I cells) FCHEm L
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7225, ATP e l07F =A@, 13EAEE
b, 7F=ABO=x ¥ —-FEIX09 L]
LEHER L, ATP oK B - 1o (Fig. 2
(b, c)).

A7vvBe 2T 1lmM 17 vvT
IMP & 0.7mM/lcells & 75 F —EL,
ITP &3 0.5mM/l cells M L. L»
L, IDP EE 11 0.03mM/! cells LI FCHh - 7.
A7 Y VBRD =3 ¥ —THE L ITP BE o %
& &drimiies, KK04THY, R
ITP s fg\ T\ 7= (Fig. 2(b, ¢)).

2,3-DPG EE DM & bt - T, FRilmEk
A pHi DETRZ LR, REREMET Tk
ImEkA 2, 3-DPG ¥ ((2, 3-DPG), mM/! cells)
& D pHi=—0.014(2, 3-DPG) +7.312 (r=
—0.880; 7.10<pHi<(7.30) 7z BN 4 b fe.
¥ fo, RIMERIEENCBY L CizRmERAEE (MCV)
DR ERMERA~E 7w € v 3 (MCHC)
DM A B, (2,3-DPG) & o MCHC=
0.31(2, 3-DPG] +34.9 (r=0.915) 7z 2 BI{RE
bhic.

—7, 2,3-DPG 2 X Bdic, A2 ¥
2D pH # THFC7 ¥V UBEFEFET D PBS
CHRMBA A vF 2 <—} L. 2,3-DPG &
B4 vE o <— 1 90min ¢ 0.7 %, 180min
T4 AP L. 7TF=2LABO=F2LF —
HEIL08 L R EL 52, ATP BE 1
1.0mM/I cells & {5 7= 2, ATP ApiREBIT#E
HIhi. 47 v vBedBiadbhicsro
fe. o3, PH KT X vaRif Bk 245 85 13 3 I
L.

2. TF=v—g 7 vv—Y VvEBER

50mM v vEg, ImM 1 ) v VT TF = v
BEYHTE, 757 = vEBECKR LUCHRMR
P9 ATP J2E 3 2 50 2mM/I cells % ©#4
mL, &7 5= VERREDS#n L (Fig. 3).
2,3-DPG BEE 1T b Linhoieh’, 47 v
BRI DWTIL 7 F = vl 2 Uy A s RER

Tk IMP 2% 0.6 mM/! cells, ITP %% 0.3mM/!

cells 2#mLT\ -2 (Fig. 4 BR), 75 =
VIBERHT L1 2 v VBBOBEMAIE X h,

2

(@)

il
®)
&
-
?

23-DPG(mM/1 cels)
=
0

58
05 5 020
Inosine(mM)
(b) 20
Q15 —o— &
g %fﬂ—'ﬁ/", o
% 10 |
$ost
§ oé_é*é—_“—-—n—éi
2 .
.& 10 /‘/‘ ‘
. ) ‘-‘6—"—— _
a 05F /g/n'—————©~
OO—A—A—_—I—J_A_
01 2 3 4 5
Inosine(mM)
© ¢ V§—0g—0—0-
:lg;‘ 0—0
5 05|
& @ 3
$ //,. :
c
uJ 1 L 1 1 1
O 72 3 4 5
Inosine(mM)
Fig. 2. Changes of organic phosphates in ery-

throcytes by inosine-pyruvate-phosphate treat-

ment. Fresh human erythrocytes were incubated

in PBS containing 0~5 mM: inosine, 10 mM pyru-

vate (Ht 209, 37°C, 90 min). (a) 2, 3-DPG, (b) -
purine nucleotides. (Upper) ATP ([]), ADP (A), .
AMP (O), ATP+ADP+AMP (@), (lower) ITP

(O, IDP (A), IMP(Q), ITP+IDP+IMP (@),

(c) energy charge of adenine nucleotides(())and’

inosine nucleotides (@). o
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ATP BEBMN ST r—Lbl &L/ vV
BENEHS 77+ —Eikote (Fig.3). 37

0 01 02 03 04 05 1t 2
Adenine (mM)

Fig. 3. Changes of purine nucleotides in ery-
throcytes by adenine-inosine-phosphate treat-
ment. Fresh human erythrocytes were incubated
in PBS containing 0~2mM adenine and 1 mM
inosine(Ht 209, 37°C, 90 min). (Upper)ATP([]),
ADP (A), AMP (O), ATP+ADP+AMP (@),
(lower)ITP([1), IDP(A), IMP(Q), ITP+IDP+
IMP (@).

&
[m]

o

d
EO
ne

=)
T

o
[8)]
T

—
4]
T

rine Nucleotides(mM/1 cells)
> o
A
SR

& 05} ]
g °
o 1 AN 1 A\
0 1 2 3 4 5
Inosine(mM)

Fig. 4. Changes of purine nucleotides in ery-

throcytes by inosine-phosphate treatment, Fresh

human erythrocytes were incubated in PBS con-
taining 0~5mM inosine (Ht 20%, 37°C, 90 min),
(Upper) ATP ([J), ADP (A), AMP (O), ATP+
ADP+AMP(@), (lower)ITP([]), IDP(A), IMP
(O), ITP+IDP+IMP (@).

bbb, KEREHETE, £7F=1B+&A4 7
v VEB=—%, DEfRRALLII.

—J5, ATP %L I EBIDR, ATV A
o pH % EPT 7 Y oEEEET O PBS e
HRMUERE A vF 2 <— L. 2,3-DPG BE
i1 0.8 fErefitt-hiohs, ATP EE 1 0.5mM/I
cells For@db L. 7ok, 417 vvBHE
LTREBIZA BRI 5T,

3. 47 vv—Y vEE%

50mM Y vghcq s v VBERE T L,
IMP % ko ITP BE#mL, 5mM 1/ &
v¢ IMP EEx 09mM// cells & 7c b fafo
R ALz, ITP EE IMP BEOH1/2
DR LHER LEgn Lk (Fig. 4). IDP EBE
0.014mM/I cells S FChotc. —F, 75F=
B, 2,3-DPG BEELRinh -,

B. SFMBERECHITIERY VERIEEY

DR

FRIMIRAD ZEEE Y VLA WBRE 2ER
L iR IR OWT, ThbERY
vBALE RO ETRER & DR E Y
RiETHEoWTHER L. ok, EHENE
O £k MERARHC 2B/ bie & DR L%
Eﬁbﬁiﬁ‘o?‘c.

1) #Rm¥xA 2, 3-DPG BE T L, HBH
PR © & oy ik iuBR 23 880 Uiz (Fig. 5).
¥, 2,3-DPG % 15mM/I cells % T#n
LeoFEmBR TR, KERTOVEIEMZTH
12&EAEEW Lishr -1 (Fig.6(a)). Zhizx

1007

T % 3

EQ /

£850 /

° /

c 2

> G —D"Og 1 ]

0 5 10 15 20

- 2,3-DPG(mM/1 cells) |

Fig, 5.  Undeformed erythrocytes after ino-
sine-pyruvate-phosphate treatment, Deformation
of 2, 3-DPG-enriched erythrocytes (incubated as
in Fig.2.) was examined with a rheoscope at a
shear stress of 82'dyn/cm? at 24C.
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a)

b)

e

Fig. 6.

b

Flash microphotographs of erythrocyte deformation with a rheoscope.(a) Defor-

mation of control erythrocytes (5.5mM 2, 3-DPG/! cells : left) and 2, 3-DPG-enriched
erythrocytes (15mM 2, 3-DPG/! cells : right) was observed at a shear stress of 33 dyn/
cm? in isotonic 16.5% dextran-PBS(at 24°C, 9.3 cP). (b) Deformation of 2, 3-DPG-enriched
erythrocytes (15 mM 2, 3-DPG/I cells) was observed at a shear stress of 21 dyn/cm? under
isotonic condition (at 285 mOsm, MCHC=40.2 g/d!l : left) and hypotonic condition (at 240

mOsm, MCHC=36.6 g/d! : right).

< 2, 3-DPG E:w3in X 8 B » THRIMERE
BxmEd L, MCHC o#ghn, % biRimEkm
MEERBEIM LT B I LB EEL bR
(EHEBE/ AR T 20Tl LAEREY
BLF%). NERESNOBELR T 5 72

(0

Deformation Index

O

I 1 ! Il
O 25 0 7 100
shear stress (dynamt)
Fig, 7. Effect of 2, 3-DPG on erythrocyte
deformability. Deformation index was determined
in 16.5% dextran T-40-PBS (at 24C, 9.3cP)
under various shear stress. Compared at the same
MCHC (36.34-0.2 g/dl). 2, 3-DPG concentrations
in erythrocytes were 5mM/! cells (O, control),
10 mM/! cells (A\) and 15mM/! cells (Fll).

&, FRIMERSE O REE 4 T W CoR ik Pk
wBEH I, MCHC (% b RIEEHE) xR
HMREFMCLSECHELCvAd Az~ 7T
Lk RIMBERETNTEBRREE & 7w Toid
(Fig.6(b)), ZHORE #&ETEHIERILIE
LicdRTCOT HEITFTC, 2, 3-DPG E44
e s LEfE %R L(Fig. 7), 2,3-DPG o
B LR IMIR CRETRENE T LTwB &
b olc. FREBREOETRX VIR IME
W TEHTH o .

2) FRIMIKPT 2, 3-DPG % S 2o Ba b,
BN 7ol & kg MCHC %3981, %W
JeRA T Uie 2t 2.2mM/ cells i & T &
BTHEBRBCHERERADREr . &
RETF 2, 3-DPG iR <% & RkiERia A
bin OB LR s & L3 L Ik b B
WEILE LTI ol ¢

3) 7T =R RIS w5k (ATP
~22mM/lcells) & 1 / v vEEE AR X i
48 (IMP : ~0.9 mM/I cells, ITP ; ~0.5mM/!
cells) ik & b fRicsd L« MCHC o##ix
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ZbhTEREC T HELHEE S hit s
7z

DT EnbA s vvy—EAEVY—) VERR
THRMEKC 2, 3-DPG A& el b FiTk T
HEMEDETI, RERCHEM LT v 5 IMP
2 ITP X sb 0 TR EFELbRA.

4) ATP # 0.5mMy/I cells % CHEA Z8C
LEHREC R EEL S bbhhinh ol

5) 2,3-DPG (2 BEE 5 EXME T 35 & B
Ffb~E /e € v EEEE L, W 2, 3-DPG 1z
WAt A, FoT, 2,3-DPG oikifiEREHEE
~OFEN o~ 7w © Vv OBFEL—HBRALE
BUMF 270 & 5 it L. 4 o 2,3-DPG
S5 (21~169mM/I cells) O FiiERic DT
5mM Na-~o Fetr a7 o4 PRI L H-~
= /e R EERAL T AT H T RE A I
Lkt BEEIRDLREh-T.

6) 2,3-DPG # NS & EiCidRIER
HpH OETHBCAH. TZT, A 2T &0
pH #Z{b & e Criukkpy pH(pHL) & 26 &
DBE % pHi # 6.8~7.6 OEIFCH~ Iz K
HuEkA pH oZ ki X hikmEREEE Lk o
3. pH 2MET % & RkmERAS I Lk
MERA~E 7 v € VIBE (T 0bh bNHETE) 23
8T UCERRERHEM Lic, Lo L, RIERSL
WoORBEL LA IRRIMIA~E 7= & ViR
EANRBE—#Ie5 L, BRECELLDR
Tehvoto. pH 238 LicB & iRk ER s
B UVEREETT 525 R LCHEH
EA—ET 5 LEBRCENRA b it o
7o. pH o E k3 5 88, pH Z{bic X
HRMBRAREEL Liodt - THEEEOE L
CEETLELOTH T

V. & %=

FRIMIRAO 2,3-DPG %2 7 v F s
ToAEB Y vEMbE S, RIROMBCHT S
AR EHARE, WRESCAREOMER:, ARIMERE &
N UCOWEES L EE -« DL RRICER
BEHRFELTCS. APFFETRIDEREY v
ik, Hpwe 2,3-DPG, 75 =1k, 17 v Vg

i B LR b @ IR 280 & 2 CRIMERZE
THBIC EDFRICE D &b » T B2 DnT
RN

A HBU VB EEREE

1. 2,3-DPG L Z5J44E

HIMERO B ET HERTE, 1) W
R, 2) ., 3) IEokMMETH S, ARl
5P 2, 3-DPG %8S Eick 0B ET
Uiz owWC g &5, O MCHC A8
L, MEBEEEDS BE Uicio®, FRIMBREETZAED
KT ULicE#Erbh s, MCHC olhm, ik
HMERPAT 2, 3-DPG %G HT % i bR BRI
MEEE Y VERA A VA D, SRIRAOESEA A4
v EKDPIE Ulcfed® LE2 bhb. O
HEWC B Uik SRR i L 7 & oo AL
DB HIg\ I KR G (BRiLBR DR,
BT ) RERE L, @ MCHC %3
LR E Mo B8R RIFLTH (Licdio
T, HER/ AL T 5)EWENIMET L
T b C &b, 2,3-DPG Bk kD 25T 4E
T, PREREOHINET T <, ok
LB LT DD EELLbRD. ZDL5
Te S LIz R 281k Lok i Bk Py pH <2 IMP,
ITP 0 8 X B D Tlklsh o7z,

ERED 2, 3-DPG ZakiEk = — A b icfEH
X@gBHE, BWxrvo yTH B spectrin A
protein 4.1 & actin & DfEEN LT 5 2 &
MEIBRT WA, i, EiEED 2, 3-DPG
2 ATP 13, #RIERIE % v 7 ORI %
BmEEsuvbhs®. LidsT, 2,3
DPG 237k MUBRIE DR I A B D Fp8%
Bici B o EAEEE s, Chasis & Mohand-
as® [ IARIMER T — A P T 7 XY b A — & —
BTG, RIRIE O ek DIETF & A8
DS T A4 LT 3. Las L, Kon &3k
B A g EE B O IR IR D ZEIERE,
EHORMBCHENTELUET LTW3, §
ThbEDFHEEENE LI BEIhTVSE
AR LT D, Waugh®il <1 7 m Xy b
W 7R —F g VR AP IMBRBOR R A
ELIcE CABBIRWERE LTS, 20
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L5 CRIBRARRWEEC L b, HRIEDL
FHL T EDOBRICE LTV, SENTEH
BB LA A3 — 7R, 2= A LTk
7ol E\EOKRMER T AT, 2,3-DPG #HE
&L BARMIRETGREDEALY, 2,3-DPG & iifizk
IREEEEE OHELERACL > TRE B &2
RIEZ Wi,

La Celle b 3EMRSET T HRILERETY
REOMETT 5 LS Lic. BESENMETT5
& 2,3-DPG izBiggskib~<t 7 r € v 56T
%D TR 2, 3-DPG 234 LTl £ v 7]
HEEROSIO~E e v—Ex v 7/
HEEHY ~OHE N LIRO Y, Lichi-T,
RMEROBEHEEDOLNTFRI BN, K40
RIS hish - . 2,3-DPG e X
% AR MERZE AL RE DK F I3 AR I ER D B At —IBi ke
BB EBEE LICHETRIRE L H5TH 5.

2, 3-DPG #inc X 5BEHEETFTDO £ H =X
ARBALTIE, (i)2, 3-DPG 23k ERIE B 4%
v % 7 spectrin-protein 4.1-actin #5&1ClE
F LBkt 238 U CE e 2 BT 32 5%,
(ii) EE@E v 27 Th b, EBKr v
EHEELTCWwWA Band3 2 vz ~E SR
vV EDHMOHEERCEE ERREXET S
W BT EDREEEM I DWTE LT i vid i
Ve RIS S B ORI AT B gy,

2, 3-DPG #HghnS ¢ 5 & L iTFRmERA 1k
CBERE AR 5@ hlc - TEEBED L
ZLETHDH. TDRDILID L D ARIMERD
A~ MESHERE IR T ER b, L
ML B, 2,3-DPG »#in3 % & FRmEkix
B LI {Tebhh b, HUNLE OBy R
el EBRFHEIN, VAR —RAILEER
R LUTHE LW DT,

2. TF=A[R, A7 v R EETEEE

RIMERHNCEAD T F =R, 17 v V%
WIS BE bER Y VERRMMRACEA
ThaRb 2 3-DPG o & ¥ k FAfEciRkinEkic
kPR s EBELBhB. LrL, Lk
By vEBEIL 2,3-DPG D L & L HRB &M
oA, WEHEDCHMSEHEOET L

BRIEBELTTh oo Bz bhi.

ATP wBiLit, Liian, fRmikoMik
REMEOMERCER L EEH 2RI LTw55
W2 LRTWED, FOAI=XABEL
TRESERHTHS. ATP % 2,3-DPG L[
B, REE (~8mM) TRl = — A + DI
BRA v OBBELERI IR B L2345
B TW5H%. SEIF C ik o o il O AR mEk %
e EBcix, ATP % 05~2.2mM/! cells
D THEE S e ABREL S EHRE~DOE
2L EE I it bhofe. IMP (0~09mM/!
cells)$s X Ot ITP(0~0.4mM/! cells)iz. o\ T
b ARIMIR DTG RBRET KT B E R H DR
ehoic.

ATP 13 Ca 1+ v Mg 1 4 v L HHEMEH
L, EWEOREHCHELTWSEE 2L bh
5200, ATP 288+ 5% &, ATP L4875
Ca 14 vbimL, i Ca 14 2354 T
5. LovL, sk Ca 1 A vREZEA L
THhEEECEEN I &2 i, ATP 23
B Lcse, Ca 44 viN LTDLEREN
DHFEIEZE L Dt

—7J, ATP % 0.5mM/! cells & cp &
Th, ATP »3RMEROHABRLLEHEED FHEN
BEES T30 TIaVC R SED KRS
LEE i, Card 57 % ATP 7% 0.3mM/!
cells I F TWA LT ETBE~DEEIL /s W
EHELTWS. Lrl, Ebr ATP %Ed
B LARMBRIEAERL LY, FECRIIERA
Ca A4 VEBENLAETLHZ L BXHEILT
Wb, ARIERP Ca A A+ vasEmT 5 e, (I)K
A4 x vF ¢ 2 ABEEGIh KA + v o il
~NOBBAE D, ARHCKbEATS. €0
fe bR MUER PR 03 b5 LSRG #Y 16 F 3
%101%2680  (ji)Ca A 5 v} calmodulin &%
AHEBR L, KE K % v % 7 O spectrin,
protein4.l X adducin &#E& LCERZ v -2
JHEHEER A LCUEORE Y £ X 2
64)- :

—75, ATP 3fkim#Ekpyy © & % © protein
kinase iz X & % v ~% 7 (ankyrin, protein 4.1,
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protein49 7 )0 ) vERMb AR e 54, BE
a0V vEBLEE 2 v 7HEEER
B LERY, EoptheEE » RITTEEL
bhs. ATP LEEREEOFRE, LR
DBIFEI DWW TUL SEBRF Shhdis bigy .
B. FrmskAEHY VEIESHO KR
W 4/7vv, 7TF=v, ELrEVE, Vv
B, 7FUELHELZIHEERT, KRk L
BTHZ LR > THRMBADEEDERY v
BALEY 2 BROCHER I D T LA TEL.
472wy, ErEVEE VB, TYUERFE
ToklERYAETBE, 2,3-DPG L1/ v
v SEANEM L. Fig.8 kR"T L5,
A7 vvEEE Y o~ (Pi)a b hypoxanthine &
ribose 1-phosphate(R-1-P)2 g X h 5. R-
1-P » % R-5-P #»#& T 5-phosphoribosyl-1-
pyrophosphate (PRPP) 23 &5 3, PRPP &
hypoxanthine 7% IMP &I 5. ¥,
R-5-P % pentose phosphate pathway #&iiC
glyceraldehyde 3-phosphate(GA-3-P) & 7z 5.
—F, €A vEiFE (lactate) L7 b,
NADH # NAD iw%x2 5. Zo NAD % Pi &
GA-3-P 7 & o 1,3-DPG &R AL,

Inosine
(O 1 |
NH3 EFR SR-1 P@"R bjATl:

ATP
7 gﬂe Hypoxanthine
AMP ™ IMP TP
o |
ADP 1
|
ATP ITP
Fig. 8.

AMP
PRPP

Rapoport-Luebering &% T 2, 3-DPG 2345
Xh. €AY VENL 2 3-DPG & % i &
WH3 50T 2, 3-DPG 13 7k It Bk PIc B+
66’13)-

ITP it x%5< IMP ov e vy vER{LTER
ENBL5THBHN, 7F=rBERTH=*F
NE-HREOEE YA /7 v vEBCHEMA T,
FRIMERAITIEA 7 ¥ VO = % & ¥ —FEI
08 L hix B/ &L, zoERirEe ITP
SROFECHNT B EE L bhic. £75
= VBRI, FMERWECIE T ) vERRNEE
Lis\icd, AERTIZE A EE L Lish v
fz. Valeri 533, BEEDOC1/ vV HFEFT
BT T =ABOBMAHAL ) Y VBRNLT T
= ABANOBEREYRNTHERELE 55, 4
Buvteq 7 v vBEOHFE T 2,3-DPG &5,
IMP, ITP o4z 7 T R8I LT
Kb, denovo 7Y v ERERIEELK
WO EE: bhi. '

@ 7F=v, 47>V, YVE TrVUE
DEFET CRIORZNE TS L, ATP 7L,
&7 F=ABEOEMARD LRI, 17 vV
BLBmLR, TF=vREYETLES v

Metabolism of organic phosphates in human erythrocyte.

R-1-P : ribose 1-phosphate, R-5-P : ribose 5-phosphate, PRPP : 5-phosphoribosyl-1-pyro-
phosphate, Pi:inorganic phosphate, PPi: pyrophosphate, GA-3-P : glyceraldehyde 3-
phosphate, 2, 3-DPG : 2, 3-diphosphoglycerate, 1, 3-DPG : 1, 3-diphosphoglycerate, 3-
PG : 3-phosphoglycerate, PEP : phosphoenolpyruvate.

(D purine nucleoside phosphorylase, 2 phospho-ribomutase, (3 PRPP synthetase, @ hy-
poxanthine-guanine phosphoribosyltransferase, ¢ adenine phosphoribosyltransferase, ®
adenylate kinase, () adenosine kinase, (§) adenosine deaminase.
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VEBDBE A IEIE i,

17 v V—EBRETTRT 7= vIERED
R, 1 7 v v bER S iz PRPP (1 hypo-
xanthine & 75 IMP &R &E I W58, 7
T = vHRERERRS & PRPP 13 AMP &1
WHBEIh IMP BRI EELD
hb.

75 = VR AMP+ATP—-2ADP X\ 5 K
e -C, AMP »»n5 ADP tigh, Ebc
fR¥ERT ATP ~L—BRETo ) vBREIh T
WE. L, 472 vy, VYR, TR UER
ETCRMFRZAE Lck &, T IMP 24
Bk, ITP 12 IMP 0 1/2 BRI W52,
IDPiziz L A FBEH S hinhote. 2Dz &M
b, 47 YVBTIRT T =AD& 5 B
Tl { IMP+ATP—-ITP+AMP o X 5 ic—4%,
wem ) YERE LT SRS ® 2. L
2L, IMP-IDP-ITP &5 X 5 i BRI
Y VRREE h B FIREHEY D RETE b,
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Visual Evoked Potentlal of Guinea- P:gs Minoru Suzuxi, Kutlro

~ Sitizyo and Takashi TAKEUCHI (Department of Veterinary Physiology, Faculty of
Agriculture, Tottori University, Koyama—cho, Tottori 680, Japan)

The present study was designed to establish visual evoked potential (VEP) as one of
clinical tests for veterinary medicine. Experiments were carried out on eight adult male
guinea pigs weighed 350 to 750 g. We investigated . influences of click sound, luminous
intensity and habituation on VEP patterns,

The VEP of the guinea pig was composed of prunary (P 10, N20 P30 N 40) and sec-
ondary (P 55, N 75, P 100, N 140 )components, followed by a rhythmic after-discharge. Click:
sound. with flash produced some unclear peaks in VEP, while click sound without flash
elicited clear six peaks. These different components of the response to stimulation sug-
gested thdt the acoustically evoked "potential induced some peaks in VEP.

With the intensity used in the present study, changes in luminous intensity resulted in-
unrecognizable difference among the VEPs. Early components of VEP were not clearly -
influenced by the habituation to stimulation. As.the stxmulétlon was repeated, rhythmic

after—discharge seemed to be suppressed in the half of experments

key words VEP, guinea pig
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Evoked Potentials Stimulated by Stroboscope.

(a) Stimulated by click sound, (b) stimulated by flash and click sound, (c) averaged with
no flash and no click sound, (d) stimulated by flash.

Peak Latency of VEP,

Table 1,
Lead P10 N 20 P 30 N 40 P55 N75 P100 N140
LO-N n 4 2 3 5 5 5 5 5
mean 110 20.5 25.6 420 55.2 75.8 99.8 1394
S.D. 6.2 — 94 5.9 4.6 9.8 18.3 21.6
RO-N n 5 3 3 5 4 4 4 4
mean 15.4 22.6 33.0 422 58.7 75.7 99.7 136.2
S.D. 4.6 57 6.3 43 4.7 119 18.7 194
(msec)
Table 2, Peak to Peak Amplitude of VEP.
Lead P10-N20 N20-P30 P30-N40 N40-P55 P55-N75 N75-P 100 P 100-N 140
LO-N n 4 4 5 5 5 5 4
mean 18.1 189 42,6 37.9 254 40.2 27.8
S.D. 22.1 12.0 354 214 20.6 21.7 21,5
RO-N n 4 4 5 5 5 4 4
mean 35.1 38.6 66.9 68.5 42,8 28.9 41.9
S.D. 52.9 28.6 427

39.5 178 89 197

(#V)
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Table 3. Change of Peak Latency by
decreased illumination (Peak N 40)
Lead 20 40 60 cm
LO-N mean 42.8 38.2 38.6
S.D. 5.9 27 0.8
RO-N mean 42.2 38.2 39.6
S.D. 4.8 1.9 2.8
n=>5 (msec)
Table 4, Change of Peak to Peak Amplitude
by decreased illumination (peak P 30-N 40)
Lead 20 40 60 cm
LO-N mean 426 394 563
S.D. 354 .. 161 .. 383 ..
RO-N mean 645 532 '°'555 11 °
S.D. 410 344 219 7
n=5 (pV)
msec
45
>
o 4w}
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Fig, 2, Chaﬁges in Peak‘Latency and Peak to Peak A‘mplitudevby Recoraivng Times.
(a) peak latency, (b) peak to peak amplitude, @ : stimulated at 20 cm distance, A :
stimulated at 40 cm distance, |l : stimulated at 60 cm distance, — : LO-N, .-+ : RO-N,
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B, EHEmORBCER LICbDOTHBA,
R LIBADBENDEE TS L, BEMERE
OB B VREEROEZ 5RERIEHV
~ADENC L HEHRMBEOHETHDHLEEL
bhic. ¥, Bhick > TREMET T35 &
25X IELUEER LT I L CBYH
BERRBLED B2, HREMICER RS H
WMLk DEETHA S LHEINS.

—7%, —REG R X 5B LZTE
Euvbh sm1?, KERC KT H Fig. 2 iR
FTX 5 N4 T, BEEROIRBE bAREK
Flhizabhichot. 20z &k, BEEHE
REHRTARIGTHHZ ENTEIhE. &
4T » - fBhic kb3 5 EHR T, BEEROHE
M > BROBSRITOWTORETTH B,
4813, ¢ b EFEBCBRIVTS, HAR
BOBACX 1 EORERBhOREN R
DHhEIERE LIt EE LT 5.

V. ¥ & %
VEP JisE # B ORI AT 57 b 0
B2 %EB5HNT, TAEy b 8FEHAN

TRXR B ETVIER VEP B i2Ro5 L%k
, 7Yy 7BOEE, AterAa—TOR

ErBYERHEOEBOEL BHOK,
¥oEL VEP JIE 5z LB BhoFE
EOWTKRE L, UToRREE.

1. 79y 7B RRETHIERIDBVR
O R HE L.

2. IE% VEP Bt 4&H8fEor—7
MNEDH B, 40msec DEBREEIFOBM Y~ 7
(N4O)cHRHDRE LTCHEL HEXEELRL
7.

3. At rAERa—7DEHE% 20cm, 40cm,
60cm LE 2 BER, BEIOIRIEOEEN
BEAERDBRIEH ST,

4. BOESOTCONTITEhC X 5HEE
DEED D CEEREOETILRD bhigh T
2, BREEIHERTRELBD bR,

X 3
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FRERELEEERES

B B PRITEI0A28H (L), 298 (RH)
B T RARFEREA AR R
LVERRF  FIAFEERFE LR ST H R

1. FRomEBMSASER LY IV AKEHFON
BRAR

MR B, BE o CTWEEE Aw | Gk
K, B, HBAERE)
KEE—REBNEF O LR TR FIRC 3\ T, RIHER
Wik F R OES) & BT A kAL 1. ¥
DXSEHHAL, 2. EhfLFLE - THEETDN,
FHENLEMT2ED =& VHFEARENT 2 ODER
Totk. £10EETIE, BYCEIFLETFRIS
F - UEBHTHE L, EBHETRO B —HEROME
BrEf L. EBETCE L CoBESNELA VT
hrOFEEHGCRB Lcborins X5, ik
BAEENEbhL. $20ERTRIEERBIE
TEREE AT~ » TRIER L, ARIFHEOH
EEYEFMNCREE L. TOBE, FEcBRLE
BRAEBROFENR I, T OBERIFIHTEHA
B R SREROBTHCHFET S, CoFERTIX
EECBE LiciBFB 2 TR D 5 b4T% 2 FEfl7e
LRFAMOGECETT LESE R Lic. —H, F
BYRERSEOWTIL, EROREE —FKLTH
B ERRAOGERCET LEFHE R L T v
Jo. %, AERCORBR#EIERIREL X »
T, FAFEHCHESEERLEL. BFELLT
FMAFHETE L R TER L/ NEE EHTERC RV
Thicz seich.

2, 7AISLHBHMERICHEITD X423V
N IR ELE LAFTRLE

BEE—, E4«KNE, SBMTF LERT 2B
AXHd, tklE REFEX B, £—48)

T A7 5 VMRS A% § v (HA) ##ifa
HieisE LicEric R b5 b Nat-dependent Bisyi& s
% (FEE2AL H1 &% 1 7 receptor) & K+-depend-
ent WOEIGE (H2 # 4 7 receptor) D 2 I LT,
FRhFNDOIEE D mediator oW THKE L 7. HA
X p ROBISE A U MNK cGMP %Wk
CAMP 2 EEAT 5 LEFBICENET DD, HAR

“3FEEBRRT

I BBAEEE R LT, BMX ORI X
DEHmRELhBZ LN dr ot ¥R, GDP-B-S
H B\ ik GTP-y-S D g ER: Ak HA B iz
CLTHERRE S ok, —F, HA X ->Ti
SRS AR IAP(E A%HER)2EREATS & HA
BHBIGEIRECHH . #-T HAR LD
BABEESKE IAP KEZho b5 GEANESL
TWw5H, HA kX 5RSEEE Tk GERADBFI
7z ¢, Adenylate Cyclase-Protein Kinase A %%,
Guanylate Cyclase-Protein Kinase G RDB5 3 7
W o LRI

3, METBEFICHE (T D Endothelin (ET) ©
IR

*EWREE, *LHIB SR YK X =Wz &
B BEFEX B £—4#H)

ARRIEE AW EREREE 7 AR, ET ©
IR R A R O\ - TERBR I R L,

1) ET i 0.3nM 2 bgm& xR xe, EDS0
113 X% 3nM TEL O UMEIL Washout LTHEML
B, BENThoT

2) Ca** $EHi# TA-3090, 35 XUF Catt-free i Xk
T ET u#EiL control m#50 % il &, ET In
ikt s Catt-influx OFFE, 3 XOMIlaA T
Catt-release DBY5-2RE I iz, phospholipase C
M ED NCDC o5 X b ET el
4 &, PIturnover DRIENHEL RE S his.

3) Protein kinase inhibitor ®» H-7 % X0t H-8
BEB LD ET IEEERIE L, ET X % I
%% protein kinase C & X » T BMiZhT\w5
LR S R

4) 1 pM tetrodotoxin % ET IN#E% control O
60 % HIH L, ZoiHZ R Catt-free it s\ Tk
Rohd, Natfree @ IAHIHBEL K LT w1
Z &b, Nat iesbd % permeability oA volt-
age-dependent Catt F 4 R A®BET Catt-influx
T ELLTCWAAREESTRER S hic,
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5) 1pM ONO-3708, 10 M indomethacin, 10 g
phenidone ¥ X 0% 100 M caffeic acid O[5z X
b, ET e ffl shich - 1.

4, [R&FE o MRS (Nuclear Magnetic Res-
onance Spectroscopy)

PRETT, HFRTE, Wbk, FEMES, RS
A NIRRT, REES T Y A B
(BFEX, B, B4« DRER)

R MRS Tk, #RLAR0.2 ml) %20 % 5]
AT L R (204) THIE T 5. 'H-NMR ©
3, Rz v7s=yv flh. 7= vk« BRER%
M7 3/ BEOM, RRAZE—72BbbRBH,
FRIZPY 2F07 3 VEBWDO A2 F ARBIHE
Bl

BEMAK(e b« 55 b o4 )0 'H-NMR i3,
FIAAYTZF32pPM O - 2 B LHAEL, 2V
YDPY AFAT I vEOE -7 LRE SR

RTdh 32ppm fHED ¥ — 7 BNHBLT B, &L,
HEHBBEETIE (Klinefelter fERRE) o v b FTIZE
DE=2INE ot 2Dz Ehb, RbITBE
HRDO2 Y vANBET S EEL .

BH D YP-NMR T13, wcAKRE/ =AFA (hA
FaY) V) OE—IrREL, VYFURAT 4 v
=Y VO — 27X EN T

Ko ¥P-NMR Ti%, B vBAGTET 5 0 %
T, RO =) ik free DRETHEET S & Ll

5 EREEAEICOT

BREFIA, BEEBOCY, “ME Y HEHh B
“HIR B ABEZY £K B (EFEX B,
PR TR o S ERY)

ERRED X b EREARIIE T/ BT, &
B LREE DBFRRE Lie. Shiffidiw, &
HE CHET 5 e ER L.

SHPERODIEH TRBA 5 A D W3 % JIE 3L 8
At A b v V- SROMETRE (Mmoo
lem) #EFEFRECEEC ML NE, BHE
REBRPLO2EOEERERA—FvrAa—FTe=
=L, BREVHARy PE—HILD L 5ER
BYBRFETAZ LD, SEEOMELER L.
HBRER, BAERUE EREEMEET X 51iE
AL, TOROMEMBLZRES Lic. EHE LIPS
BEFE, FHEEIIEEA R L& L, 0125~4

¥ & 55

kg/s DEFETH 2 fEcE L. 60X, 05kg/s
DE;, P Thotz. ZhbDRERD—DK, FHi%
RUThH % T CORERBOBEREL bh
5. —7, 2kg/s DMERE T, 025kg/s & 2kg/s
DREEORAETINER LD S &, BREINBEALARTFL
BT LB LA L (K80 s ot Bon T, HER
Hbic b EORME LR, RISHERLAD 2 » =X A
DEEHFRE Shie, FHERERBENE STk
T, MEEREOHEIEECHD L ELB.

6. X EEXREICHITD GABA IilicoT

R B NIEY, *mEE-— KEX B %8
—HE B . )

F a2 FEERERIE GABA MEREErEETLC L
BHELRTW5. KPR TR 2 LERBr BT
#& GABA OBfb h ##ET5%®», 7e5r—-X
WE LIk 2D LREBE= - — v v HEEN T AR
BCHRRICEMREHNC X v BRI ARIEL
st iEE LUEKEKBINC S-S hic GABA RU'C
DERPENRECHD L7 7 ) vOERAEHEN, %
TN EERBOMHE R T 50, K
SMEZOMER Lic GABA #Hifk% v PAP #hic X
b GABA SuysICHEMMl AL L, ZOBRSH
RO\ THAI.

FEBRBHH RS IR HEATOZ S\ THR

FA F LR EMROBSHBC X BRI Rl AT

7 RHH GABA OBZXEITHH S hiz. 20% 0%
DL GABA O ERZT e ot 104D DA
HThote., Fic GABA & X B R A 7 ZEHIHIH
BB EoFich BRbhi, BMROBLME T
IR EhB3BE =2 — v volllliy s 79 T
Az bhic. GABA oMHIfERILE 7 7 ) v CHER X
hiDOTEE= 2 —r Vi3dktd GABAA vE S
2 —%FTHEEL BbRD. GABA 45K I Kl
BECE2BRFE L. =y AVERI B LI L
CAHE2E= . — v vDig30% st GABA BikfIlaT
Bt

1. BHATX ACETIRFEMOTEMNE /1
7 BUvrY vRRHE :
BHE, *SHREFHE*, *Ramachandran, V, S**
(FKEX, B, #£—43 + The Smith-Kettlewell Eye
Res. Inst* « UCSD**)
HAEBEBOF X a v EL kB ohTRE TS &,
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EEHTIAES 3 Y AERIEALTLE S IRREA M
DOWEEEAERBC LRI VW IFEVALR
T5., ZORRSE * 2kl 50X 8
SZRENEE L TWErENERT i, —5F
D EREEcHAE A 2 0—oRKRERETS &
Rk, KERCEBEACBDZARY =25 LBRE
E:=Rv7RI->THHUOKRE LT HL £ ¥kl
(D, L, -metoprolol, 10 mM )-CHHEINCER Liz. K
SEOEETIX A7 FrF Y v (0.05mM) 23R X
h, BEEHOHELHE IR, TOBE, 8 BEHH
TERINWCHE CRBREREN Y 7 r 2B bk
DR LT, /A7 FrvF ) vTERIhH T
BEERv 7 PHABEEIh. RERFETH S L
D-metoprolol i, 7 FiHTHMHEZIREZR & 7t
hot. ThBLOERR, BEATIhI X =0HE
EETCRONBBRREBAOTEEDORBIC I TH,
FFraDB&LABCT/ A7 Vv ) v-p, S5,
ROBENBETHDZ EERE L.

8. CN RUEME [C & 3 REHIR MEOMIRA
Ca* BEOHM

£ BE A HTERRl, SRR (H
K, B, B4R

EERMEL, BEXZEXIZRTHIBRET LoOoE
RERARCHITHENr ELve s 2 —TChbLE
xbhTwb., reEvtes Yy vOBEYHARSHW
T, CN(1mM NaCN)<LaERRFRIB & 5 E/a oM
Bapg Cat BE ((Ca?*)) D&% fura-2 B IEEEHH
EETHANR. HHREEROBEEIR/MEOTIER
. ERERIE2 FA VB LY Y s (Na,S,0,
5mM) Fiic X 5BERE & N, B o
A% CN ROERFR TRIMT 5 &, (Ca¥])i H
Bag2~3fEfEmLi. i, MK PX5bY
v(VRT, 100 uM, BAKIME Nat F 4 24D T ==
A ) THER IS (Ca®]i oI, 2BT10f5LL =
ZEL, Fic VRT Fi (Ca?*}i #ind TTX <
Xhs. Lil, CN RUERFEFR (Ca?*)i #hnk
TTX I hich -t YT VvREBRFEER D b
Ca? Ak Nat B UHIET % &, (Ca?)i #hmx
BEL, COREFERCERTS L, [(Ca¥)i s
—EERbh .

Ll ks, CN ROERFFHE (Ca*)i Himd, B
freRAEM: Ca?t + 4 XA OO X5 DTS,
Fiefifast o Ca?t & CN ROEMRR CRIfaPIIE N

& ¥ &

Lict#Rxhs HY 23, Nat-Ca? GRS R &
Na*-H* 2ROy » 7Y v 7 LR TR L
TR THDEELDRD.,

9, DEBEDBIEMNETE)

®BA 82, BILER AEEE AR5 BEAE
B, LEBE(FA, B, £—48 « T, HRI¥Y)

DR 2T LT 5 A ORERE « R T
OfE 2 DEREH LT h FRicHRICEIG Lich’
L LWEFEXEST s REAMESEEF LT
b, RERTR e bl x OREORE L H O EE)
AR Sz EEO—EHEE (SV), L (HR),
R (ET) & O E (Q) 0B bk X &,
FEERRET S kb, AR LTLERE
BED XS RFAEFERTD » THLEE LT
TEDBRDOWTRE Lic. Hbe T, ThbAELE
BHOAMOEE, TOMER IDEREOVTLHE
¥l B CEWCAENEREOREIA vE—&
VAWINT 4 A 757 4 —DERT BEHOCE—O
Hmo SV OWELFETHS. 35C BETOED
75 (30, 60, 90, 120 W)Tix, 22C, 10C BEic
HNT, SVo LR, HROTE, ETOET, Qo
xRt 22CE10C & TRENRM o 22C
RS T COEBAMEHD SV, HR & Q OBEME
B, BEDOAXE, HERABE, 30W Tk HR>
Q>SV, 120 W ti3 SVOQOHR T, DEEE D BIER
BERBERDOEROMEIC X b, Rir-kHR
TEEDHZEERLTWA.

10. DEFHERR D H 23T

HHEBE, WIRT LEBE (WEX % $—
43

LFHREA O 7 AEEER > ERENCEN T 500
DEBHWHED—D2L LT, Ty F OB—LBMES
AWT, 3x7rEv (Mb) D O, BEEMEBENEL
7o, MlacEmT s AD O, FERXBACE ., %
SECER L& 20D oxy- ¥ X0 deoxy-Mb DIf
¥EOEERE LT O, AfELZRDA., Hill 7r,
F2B Py B XU n&k®, ST DL ORERE
HRRE L, 245 XOB4AC 8IS P ik, Th
Fh 2.7+051(3), 4.5+0.09(5) Torr ThH 7. n ik
#1211 CHoFe. Mb B¥g (9mM) i, Py 2%
3.540.27(10)(31.3C), 53+0.41(11)(364C), 8.7+
0.36(11)(42.6°C) Torr, n ¥, ThZFh 0.97, 096 %
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LU0 ThH o fo. Py DIREHFH ERET B 1odic
Mb DB FHEER K(=1/Ps") DRE L Ha
SHEE OB OB (van't Hoff OX) 205, RIi#k
(4H)%ZRD 1. DM, Mb BKCTEThLth—94,
—15Kcal/mol & 4dH 2ADER & -7z Lk, Mb
DBFBREBRIETH Y, TOKRE, Ps REOK
7 Thbb O BB TR b b 3hiz &
BRLU TS, DIFRIEAO Mb O Py 2, o X5
SRR & SEBAT B & ik, MO G
LTS bav Py 7A0 O, %I HERT
BRIBELEL N5,

1. OEF#EERA pH, (Ca*t) O FRAIEEDRR

BE SR BIEE, HEesE, EBE (LR,

Dol O IR O BT OO b cit, Hiia
M. pH(pHi) ROy Ca((Ca®li) OBjRELZEER
T 5 EXRBETHS. & ORDERETIL,
B v e st 5 5 R &5 ik
WEEDOHFELIT . BERUBC LI OVSHELES »
b OB — MR (1 X 105 cells/cm?) iz, pH BeZh:
%D BCECF-AM(1 ¢M) & Ca Bz 3% D Fura2-
AM(5 pM) % R EL A £ (1 h, 35C), MR
HEATBHTHC LRI VED B % | Y signal %
randam access camera (C 3329 ; |E#+ b = 7 A#EL)
BV CIE L. pHI KO (Ca®)i D#ssdfENE, %
hzh 2 BERx (pHi (500/440 nm), {Ca?*i) (340/
380nm)) Kk H B Lh 2 EIGRE I X W EH L
fo. TR, 1) BiERYGEIR © o o 4 RO
band pass filter ZH b {37 8%, RO 2) #¥%
signal BIRD -0 2 FEEH D filter cassete D 2 O%
e8I, “hbixZThFh 240 stepping motor &
it Lie. pHi RO° (Ca®* )i JUTERE O A&
T35 X5 ZThbDE %% stepping motor A LT
computer HIfHI%1T 7. BIbHEONFELMETE
CHE BT Lic kb, pHi, [Ca*)i DRIKEEL T
bhb, =D system ZFEHTIZ Lickh, 2sec/
cycle DORIFHYSFRIIZEL TR S I8 - .

12, LE#BREA®© pH, Ca®* DEhRE

BILER, BE &, CERGE LEBE (LR,
BB, H—4H)

AP T, SRR EY AV RO R
@ pH(pHi) & Ca(Cai)ic o>\ C O %17 > 7. PH

¥ & 57

% X0 Ca @ probe & LC, BCECF % X% Fura-2
RV, Thbofa#ED in vivo calibration Lyt
DYyieRDdHR. 1) pH=6.92+log((R—0.65)/
(5.20—R)), 2) pCa=5.90+log((5.50—R)/(R—0.43)).
RFORBZZODOBHREThThFEHE L TEL
RIBHEE O (BCECF : EM 500/EM 440, Fura-
2:EM340/EM 380)Th 5. ¥3hhedic pHi D BELH
WEERIT» 7. HERED CO, BA gas ZAM LT
pHo %8371 H6.0% CRIBMCE 2 /&= 5, pHI i
755 % 6.2 ¥C pHo i LT 0.620HE* & » T
Lz, ¥7$E S0mM)AMIC X5 pHi Z{kn b
Do iEEEs Rk»5 &, 33.1(mM/pH, pHo=
74)C#H %, pHo 238.0 v 5 6.5 DEIFIC I\ T, &2
HRELE 21.7 25 & 51.2 ¥ CORFH CHEBHCEL L.
FLEEA TR pHi 237.6 555 6.5 OFEFAIC IS\ T,
2075 HSODEIF CEMM L E{LE R L. kic pHi &
Cai DRIHIERTT > 7. X Udic, NH,CI Affic &
h pHi #Z8{t. X¢ % & wash out # 0 pHi EIFEE
—%1 T Cai ® EA®REDI. ¥ kK Na BE
BOmM)AMIc kb Cai ¥ LR IR A, pHi ©
ERLBDLRE. CORBUEORBE L b, LM
o pH X0 Ca FHASHBBRIEVEELE-C
WhHZ ERRBE IR

18, ENEY MNEBRIMRICEK7 S+ FVBHR
Akl i L o)

“HHE—R, “FHEBA, *MEEHBR, B
BEER(UFLA, B, $H43)

EAEy P OWHHYEAR CAL HET, 7% V¥
VA Ay — VERIETAERYEZER LB b RIEE
LT, REHEOFECT 5 BELHAN.

T VN VEBBEREETDBRART A=A Ay R
=3B 207 Y v (100 pM) o5 X b BRI
BRIE X hfe.

7 5% FVBBORBRBEO—DTHS > 7 ntF
PR —XERAET LA v P2y (10 pM) 1B
HOFENIFEY S 2 I -1

Fied 5—HORKTHD Y Hx v rr —EriisE
3% NDGA (100 pM)i & b BRI IE S hie.

75X FVEE G0pM. BBWILE~S R v v A
(0.1 mM) 22} DER T, KGO —BHEOHKITED
25, BIERIISE IR ok, L L, WErE
ZEETERT A LI V) ERSEERIAFE I,
LB END, TIFFVERA Ay — PR ED

i
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Y RE S —EROEYN, WREAERFE LTEY
WoBFEEE L TwW5 EEL .

14, XBHBRHBICEKTS Cl SR

PR B, GARB—(UEK B, $4R)
KIGHIE LR X ERER I WER DY, Tok
BitoTwb 0k Cl 1+ Vol X bEpEas
F~DREB#RXTHD. =0 Cl 14 vk s
75 o TEBEROBOFTACE ERBMOELED
bhb, ZOFEFRHEST, 4EH, KBS MR
LcBrie W T o R R Lic, B 4 &
2 —%7 o F OFRNABEHE . 3 BREXEEY
BEPE L REAEERCERE L, 7 e 2 VERTE
BEABMNEHIE L. < V4 y b A MAR ERERE
FREY LA ICBHERRIE Y L& &, —@itic
ABEADH R ERENEMOEME BRI, 7rt~
1F, Fhe ¥y vk ftlilicls Lo
BFET5 L EERABMNOEATIZEA EHKL L
fo. T vEREELUHRBRBYT5 L ERAA
B DA B2 1 MH I ks, ~FH 2 b
=y A EBRELCLEEI b o, KK/ AT PV
7Y VRS L THENE YT 5 L ERERAEMOH
KIFH0%EECHH Ihie, EbraeveEvk
EBMEE U CHBRIREL S 5 L EMAE LI FECEE
Licts, 75 vy vi@nis LTd BENESEE
ThHZ ik ot HET o rEAAR in vitro %
THEBRERE Lch, BERAMELAA Lic Cl SUERE
PSS Thii—Iic 2 v EEEEENBESE LT
Wb, ¥R/ A7 Fury vk Cl SRS L,
a2 ve 72 —HLT5.

15. ENE v FMHEPIRIEE HCO,” $iRIC T2 %]
B HOHEEER

SFRtb, BRB—(UEX B F£4ER)

B W9 HCO,~ 43t Bethanechol(BCh)iz X
> ThR#T 3. 205 WITH#iL Indomethacin F£7E T
TR IE X b DT, Prostaglandin 5 (PG) &K
FALCOWEI B BEZhETELTEL L
L, = ORI, PG SREMN IV 7F L.
P VALY g VRIEEIEIh TV B TEEYRSH
%. 4, BCh fl#ic X 5 HCOy~ HWITHI BT,
PG SHENTHREN EIMVROBEIEBIOWT
BEt Lk, ERELE, P EMPIEEE X BV,
Ussing-type O F 4 v AA—RKE YT, PH 2%,

w &

#:© HCO,~ 3% il Lic. BCh fluc X% PG &
BENTHEGEHET 5 cdic, Indomethacin 7
T T BCh 25 L. = D&MHT, Prostaglandin
E,(PGE,) ¥ #-% 8-Bromo-cyclic AMP(8-Br-cAMP)
Rz, BCh L OHEEMAEHIcE 5 PGE,
1~10 nM 4% 8-Br-cAMP 100 uM it Fh BT,
HCO,~ W TTHEIIR X 7k » 248, BCh 100 xM & D
FR 5, BCh b ik L ¢ FWk
HCO,~ HWIT#E M A B i, PGE, % 8-Br-cAMP %
REBERE UlcgtF i, HCOy SWRIGHETIT 5
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mg/ml % V8 5 & T 2 HBICEEAD RS Bh, 50
ZOEBRSERERMBN B fetuin LT R B
WETHEZ ENHEND LRI, —T, BICibT
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WERD CHREFLBENHD L IhTwB. —F,
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DEHPLER LI, ETHEE T3 — Bk
Lambert OEAIC I\ T, HRHEDRE (e) 235 b
WL B2ERE#EL, RicFD#% J5 % Boltzmann
DHEORDOBRCIEAL, bz oXE T
Nernst DA BN E, ZhaiE@E LcAME T %
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RPN 3 X OBEBA M p oy — & = 7 — CALTRRZFT
IO 3RET CHME ROTERH L ARFRE
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