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Studies on the Transport of Organic Acids in the Rabbit Kindey Slice,

with Special Reference to the Role of Various Electrolytes

Soon Tong Chung

Department of Veterinary Physiology, Chinju Agricultural College

and

Department of Physiology, Yonsei University College of Medicine

(Directed by Dr. Suk Ki Hong)

The uptake of phenolsulfonphthalein (PSP) and of paraaminohippuric acid (PAH) by cortical slices

of the rabbit kidney was investigated while varying the composition of medium. The overall uptake

of these substances displayed typical active transport characteristics and was significantly enhanced in

presence of acetate. When the phosphate buffer was used the optimal pH was 7. 4 for both substances.
However, when the tris-buffer wes used the optimal pH was 7.4 for PSP and 8.3 for PAH. Remo-

val of Na* from the medium resulted in a significant reduction in the uptake. Similar results, though

lesser in magnitude, were obtained when either K* or Ca** was removed from the medium. However,

there was no additive effect when K* and/or Ca** were additionally removed from the Na*-free medium.

The presence of NH," greatly reduced while Li* and Mg** moderately reduced the uptake of both

substances. However, choline had no effect. In substrate-leached slices, zcetate greatly enhanced the

uptake of organic acids; but this action was not demonstrable in absence of Na,* K* or Ca™*.
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B mste HEel PhiEs
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oh ol e A FWitKRE =2A TR 5
Tip R (8¢ hippurate system) (Sperber, 19593 A
R (Peters, 1960)0.2 [E4r= £ul W% 4% Xk

* KRS WRE A 193 ABERSG Biiigdq %k
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1=

W) AR ol FEeh ol B HAEEE 7 b
A pgERiskAl wigeR Aemse
(PSP) %t 32E 3} sulfonic acid, sulfonamide, parazmino-
hippuric acid (PAH) 4
probenecid 1.2} 3. heterocyclic carboxylic acid %ol J&
s} Diodrast @ penicillin o] i}, BFHFE S @
3 ol g HEEES i 957 Rowntree 9
Geraghty (191004 ¢ 3ted PSP 7} i TAE] HA
2 olel o) Hpel A Pidksl guel o U 4

phenolsulfonphthalein

HAth hippurates, benzoates,
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e (@A E SIEE sl HERHER] = (Cha-
mber et al.,, 1935; Forster @ Taggart, 1950; Tag-
gart @ Forster, 1950; Cross @ Taggart, 1950; Mudge
2 Taggart, 1950; Shideman et al., 1952; Forster I
Copenhaver, 1956; Rennick @ Farah, 1956; Farah 1l
Rennick, 1956; Hong @ Forster, 1958) & AZWHAE
(Tm)& Jebiz gl-%(Shannon, 1935; Smith et al,

1945; Forster ¥ Hong, 1962; Cho et al, 1960)¢] %
Bl glek. ol ¥ JmASWRES Rl AL BM
REL §T o1& PHEs BEel MERE MEA 77
e —ET Hel ERR dstd BiTH2 A
4 Yojsted], HEEEL SWRREAA AR MEE
BEEESS Jehle Ao® Bob F—3t e
ojsted g Aoletm &3 vt (Taggart, 1958).
2 ol RS BEEIMAWERAT VIR MR
FIL EIE EREY BT aEBIEZEForster ¥
Copenhaver, 1956)0] v} stop flow Pf2e(Malvin et al.,
1958; Foulkes @ Miller, 1959) 24 s . ¢+ ule]
=g EMMREY KFse aasta g KERES U
Ag g2 BRI Swdl B Sk LB
¥ PE HEBY TR BEs EBMe ERT §
g Frbohuieh RAMETHY MAEL (B, elx HE
& YESE HEEA (FREE HE e ST R
ZEgo s HWBRS AME FEHTA ddAd B
AA e A g,

BAIR G A8 BRI EHHBINRE.] AEE
B EL TEYE HHe o8 AR HEH
drk. & shAv] BEREEAANA PSP ¥ BEIY
ol gl F—EEAAE K'e HER2 v HIEH
QAL Catts SER Gt & Puck et al. (1952)0]
WeEsal gl o v [Fl—3t HE-S Wasserman et al. (1953),
Forster @ Hong(1958), #(1965) %-& PSP, chlorphenol
red (CPR), Bromphenol blue (BPB), Brom cresol green
BCOEL FHAT Aol KA AT v gk

g BET AE 195348 Taggart et al.o] FEF
BEGIH S PAH %) Kto] BER} @S vx 1 3
& WA gledl 1 F Burg @ Orloff(1962)41] 1K
HAE o]zt FEo] AAH G2 Hih A=7HA &
B ool 29 s o BESH Kild g oRm #f
4= 3 ¢Jt} (Farah @ Rennick, 1956; Farah et al,
1959; Vander, 1963).

ol ¥ B BT FHEREHEC HI KYCa'r, Hih
BB Bl HimEpst WAEANA Jd AR #
&5 3 glAqk Nate] B $elds 42 FRA v
ok e BHREHKS glucose FEzl amino B

=

=,

© ¥l Nate]l o7 HEE

3ro] Gordon B Maier(19
64)9} Thier et al.(1963)oll ficsle] %% k= gl
o 8] WA A Y =5 Mik(Csaky B Zollicoffer,
1960; Csaky 1l Thale, 1960; Csaky, 1961) % amino
k2] i (Csaky, 1961; Alvarado @ Monreal, 1967)
dl= 94| Nato] A BEL vl grte Ao B
BEfel T A EHE L glvh wlebA EEE KR
BRBEUIRNAY BHEBT B FEEMEY ¥
e ATl ol A—3 el ksl Fhftslvlzn
e ¢+ PSP ¢} PAH (Forster @ Taggart, 1950;
Beyer et al., 1951; Forster & Copenhaver, 1956; Lotspe-
ich, 1959)¢ BFEBEMBANER slx& d8711 BF
B el Nate] & Rbtfho = fBIsta=l APl
HFHY o o KEE P@Eshs vbelch

I. #H % #H&

1. B
1 2.0kg 95He] FIE 160 vhel & @AY
BRETHE

7t ¥l RE; KRS Higlkd] BRE EAA
el b5 B0 B EES Bk BES 9 9
2 BRE #HshdA $H 2°C2 BHAAE chilling
72 (0. 13M NaCl—0. 02M KCl) (Copenhaver & Fors-
ter, 1958) &4 RN AY WIEE B2 29 F
Stadie-Riggs microtome (Stadie @ Riggs, 1944)2 {#if
sted 0.3~0.5mm F7¢) BEEYN & el WS
chilling F¥gol] 2ob T olelst 28 ##B{FL 25
~30 A ErtH et

Lt BEERR(E

1) FBEYEe PSP 3 PAH ¥[EHZE; Lol
Y F chilling Hige 25 PhE AVl EEKE
7]—”" Al =71 k3 % torsion balance 2 # 300 mg

4 Trel incubation Kol B dE KREHBEQX
20 cm)oi] g B BESREHA T 25°C mIRkE A
ol 4 60 43R5 incubation 3}¢lt}.  Incubation o] Zi}
kS Ao PSP 52 PAH/ #FHA A& A
shgl el olel HAl A= SHTl A FEshA =

ol A BAREY BME BRE Cros I
Taggart(1950)2] phosphate %=l F—3l 4 vt. B Na*
110, K*40, Ca**1.5. Cl~ 139, phosphate 22 mEq/L 4]
7] 6.7X107°M ¢] PAH Z& PSPE 323475
pH 7.4, BHEEE 300mOsm/L AF= E Pk sl o] o}
Acetate 9] it EMEAERS %o HiEs 8%

HES] bt # o] NaCl -2 %% 31A v choline chloride,

o
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sucrose 40 2 #iFEslgl.on, olw 184 £ phosphate
buffar {48 tris-buffer(Gomori, 1946) & g7 < 3t
gvl oldl BAste = BB A A FREEsA

2) KEYRY BREBRENE; B EMEAR 2
pH 3] #ige] RUIEM vAe FEE IR
Warburg BENEHE st U9 BEREES BAE
st &l 2 5L Cross & Taggart(1950)7F Eiki3t
e} Fl—slg om BRFEEE #l/mg initial wet wt./
hr 2 %43 ch

3) SR Ky (&’Ff\ﬁ, AR SRR =t &
RS leaching A1 &+, =& o&7kx BFEME
TR PSel incubation 31 & wﬂ gl Krame #tE
FEel g =l Mudge(1951)9] ikl =l —EEY
WHsS Bgmes BEAZ F K& Patwin flame
photometer & JHIZEst 2 &
EA Y

Ch. PSP o} PAHS| %8

Ircubation o] & F FA kst WA PSP =
= PAH B#EE 4 st5 vl AR BEE 08Ik
4 AWl AR Aol A E71F LA F hES F At
Al Frisha ARENE (tissue grinder) el 4] THF5-2
homogenate & ul& $ PSP+ Forster @ Copenhaver
(1956)9] kel wtel, 2ol PAH & miEde] PAHGE
% A% Smith K¢ Bratton 3 Marshall ¢] ##: (19
455 HHste] Ay WESEEh  WEAY BES 2
7l A—% Fikem WiEsg =l ARd EHE 2
Ee DA BRE/ERRES b 5 /MR velyloh

mEq/kg wet wt. &

M. BE% &K #*®

7. —iEAY A
BFpH PSP ¥ PAH 7L #fEsl+ —fkye e
dobry] sl EHBMREBEETAAY incubation B
fiell =& ##{k, incubation JizHe] PSP 9 PAH &
e e, il W £, pH e B, {EHEE=EA
9] acetate o] HEEL W 0}934

1) Incubation BERH0)| M2 S/M S| #{L;

PSP 9] 7% incubation Hifdje] Aol e wbel RN
LRz A4 @hnste] 2Wakd] S/M st #5 154 &
st =d (A 1 =) o] #7k HEInEAE-2 Cross U Taggart
(1950)7F #4458t PAH EHEEMEZ R—sich. o4
S/M L7t EefEell #hek Al @il R &EX
HELAF] Ao FHE LY 28 B4
1 ] incubation #£¢] S/M L& il o g o2/}

A ] BB sty

1A 24 Al 135 1968— 61-

201

S/M PSP
o

© 30 0 90 120

Incubation time, min.

H 1= Incubation Bsffle] w2 AligFy PSP &S
1606 ImIES) I l-HEuERRE)

2) PSP % PAH BES| &

WRel PSP i PAH S ®EZ gl =t
HfEA Ol FHE = &= @matgdsh 28v A2E
o 4 ¥ upe} o] 1M incubation 49 A &
WE FIRA RIS EHASA &3 fhiRegel #
L& vgch ol#d AL AR PSP PAH
9] Zffo]l A3 44l Michaelis-Menten kinetics & w2

T 988 Rsl= = double reciprocal analysis & &
st AFRMEE A&ty =vl 71.2mg PSP/100gm
wet wt./hr ¢¢ 100 mg PAH/100 gm wet wt./hr g v},
2 S/M ILE FHT HE Wi e) J\EESE 6.7X107°
Maw PSP % PAHOA #% T4 10.9 2 8.49]

&0y
30r -y PAH
$
psp 3-
40' {/ ’/’
rd
//
301 e

) I'd
rd
20} /:"

Accurmulated amount, ma/i00g wet tissue/hr

2 3 4 5 6 7 6
Initia! medium conc,, X6.7xI0°5M/L
H 2= Incubation A AS] PSP W PAH EREd =&
AR EREEY 8MbW~6E JEY FHEL
R )
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et BES BINTSE A deld g 2 F9
ol o] H4] Cross & Taggart(1950)2] PAH Blzeis e

Yo e

A~ BRig 2o FRomz ofF 2E MHAA T
WRBES 6.7X10°M2 .3 s+¢ =}
3) pH7} PSP % PAH of faféfy W0 Alxls
-

pH4 o] PSP el PAH S| M@K el #12%

e 24lely) Bl BEERS pHE el 8
~ﬂ:/‘)2“zb}.

A 35 (a)dA 2 4 9= uvtel 7o} incubation i
B%Y pHE 713205 & 4 pH 7.4, & 482 F—
Bt fefhel 4 PSP ok PAH W2 A Sl A 25 A%
BEE 2 F9vh 8@ pHY 8t = E7et #i
Y BMEREEA = A #EE dolx 4w Aoz

ol o] Bigt Hifge pH Bkt S R RHIE-A
=AY B aAA 93E 4 4 dgs. 2Ed

HRERAE R SRS SR 9)—% Aol B2 JFiK
4 pHE 7.4 Bk 22 o YFz #dacgz 8=
incubation s} FoF 4 2% 949 pHE §23H
FEE 7.4 F Sk s12e A weld pH 7.4 4
TBHEAN A & incubation o) T el E pH Y {7t A
o gz = BAERES ngo=g blge] v TR
’f[ E acetate 8] [F#d] BT EHEL2 pH 7.4414 B

il gl vk pH o FEe &) BifEs] ZEels] Hetd
incubhation w4 HH4 pHE 71522 SHdtd

A 8 BRI EC Y P

d A= PSP PAH =5 pH 7,4~7.5 Tl A %
AR FEREE RS 2geh 2@y alkali A A
a3 g buffer system 9l tris-buffer (pKa=8,24)%] 7
-} == PSP 2] llquégiﬂ pH 7.6 kel 4 o] Foi 3
21} PAH 9 7#-$L pH 8. 3o A FARERKEES e
gl & oldZe W buffero] 44 HRG HEA
phosphate buffer Q1 7-¢ pH 7.4 o] el 4= Ca*to] A
A #RY $= gorz Fghe Catty BhEg $®
T & Cat* e FM—3 S 23tk

4) Acetate 2 5%,

Acetate 7} BhES B HEEEET-S
2 R A FE AR 2 R
5% ya] 0174 I o}—y oh;}

c 2= geetate 7} BEEYIHES] PAH 9} PSP ¥l
nl5)E WS TR ely) Betd mA EEEY acetate
o L WEgsla, B3 AL B S leaching
gl 1% eacetate 8] WS WZslgrl. Acetate + sodium-
acetate S {Fslg o ng %2 Na™g NaCloA
Wel # Na*iBE} 110 mEq/L 7} 5§ =% FEdistd el
a. JEHENMS] acetate &) 28, IEHEMSY S/ME A1

AR 9
gl e oA E

iuﬁ;&iw

Bl A 2E wiep o] PSPy} 11.56 2l PAH 7t
5.88 014 % Ao] Fygel 10mM 2] acetate & H7tgo

24 PSP = 44 13.452 28l PAHE Fi5 7.79
2 sk, £4 17% (P<0.02) ¥ 32% (P<0.001
8 JgmE wgom o= MRS BFNEE A4 H

a} A 3E(he)dll Al M= wuksl zro] phosphate buffer  shgith. W acetate o] W HES Pazstg Rl vt
ImM ol 4 Fk RS b
14¢ Phosphate butter ) 12 Phosphate buffer :~: gi: 2Bk REE EWAAS
{a) { ' 1o} (o) .. *--*PSP3Ca W 2 BEe 2452 gud.
12} - 8 e, Z e T Sy
}/ ol 7"}& N 2V KERE REPsEE
ol PSP al o °] 10mME Ho=q FHEE L
. X pH% o 2| thel Figkol 4 10mM & (£

e -PA bt PR . . . . = P = HeTEN
OU: 8 } "‘-\1 @ 05'0 65 70 75 80 85 3}’-‘3—5&1 =z 7?]317'{ lt%—,{ﬁ}'ﬁr/}’
s 2 o (e Tris-putter b. R#HLH S leaching @ 1)

W . Q| %
A wE o e ol 48] acetate &) 8 NaCl
4 ’ _._Qop 03 8 "\a\/(. TN 0.13 M-KC10.02 M 743 #5 12 %
et * S 6t -~ - 0\0. i) T L. B =k
L os = o BWEENINE B BMEF
04 & qF

23 2| Faboll 25°Col A SHBIT S 1
0 . . o] . . s FHE S leachi % -
60 68 7.4 80 60 65 70 75 80 85 HERE leaching 7] 1 aceta

Initial pH of medium

H 3z @?fﬁ?lﬁ pH o] PSP 2 PAH o] HfNHR

e

(a): incubation §fj pH & H#4~6 [ J7ES] FHE-EEHERZE

(b) ¥ (c): incubation % pH
ZF D ()Y ©Y 74 incubation A

Final pH of medium

d pH= 5004 9.0 7 145
2) PSPS Ca: Ca**§ Wkt phosphate buffer ¥l A ¢] PSP D.§~ e,

te & 10mM EE2 x3sta g

= WA incubation 32 2.4
acetate & HRE PEA v,
leaching 2=} PSP ¢ S/M &
5.31(P<0.01) el PAHG«|
A 1.62(P<0.001) = leaching

SRS

e ESEradd
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H1E PSP 2 PAH FHHEN st Acetate 2| H4E
o e S/M
Acetate 2 /M K ®m # B A &
(mM/L) PSP PAH (¢l/mg.wet wt./hr)
E ® Y Kk
0 11. 5610. 30(75) 5. 884-0. 24(61) } 0.72040. 024(14)
10 13.45+0. 72(14)* 7.7940.37(15)* 0. 9404-0. 023(7
R#ZEo) leachingsl YK+
0 5. 3140.54(8 1. 62£0. 20(9) | 0.59410. 015(4)
10 8.70-+0.66(8)* 3.8940.58(9)* l 0. 80014-0. 057(7
(EHgfl + R HERR )
C D) WEAK B
* Acetate 71 9-& wiof] Ib3hed #H 5 oz FEds Bhny (P<0.02).
+ EFER 23] gl 25°C 9] 0.13M NaCl0. 02M KCl el 3 RiHSek Yol & §)h

H2E PSP X PAH ZHt0| 28 HHz

S/M K " . . .
" i M mo% W BR
- ’ PSP ' PAH (¢#l/mg wet wt./hr)
. HE 11.954-0. 41(22) ~ 6.4110.32(29) 0. 80710. 040(4)
HfE 11, 7240. 56(32) 5. 06--0. 27(29) * 0,700+0. 019012
Acetate(10mM /L) FEA#;:
HE 13.50(2) ! 7.931:0.4201D 0.914+0. 033(4)
i3 13.4440.72(12) ~ 7.44+0.80(4) 0.97510. 016(4)
CEif + YRR D
C D WERRK

Yol fiie] Histe] HrEEMeR Fakle #Ed (P<0.005)
Aol w3t WA PAE B o4
acetate & A o 24 £4% 8.70 (P<0.001)=} 3.89
(P<0.001) 24 leaching #% acetates} §& Wi inc-
ubation 314 W 2o} EFY £ WME 2P 1),
A b st e #ifle] mIREEne e
2t

A4 e

Acetate &
75l A gk S
5) HEAI0M KBt #£;
Al 2 ZAl A B ule 7o) acetate B E3H3HK]
Eii A = PAHS S/M hrt Mt A& £ 6.41 ]
Hidkoll A& R4 5,06 24 T g HBle] #E 24
v} (P<0.005) PSP & 79+ #Ejlsl =& £E HET
4 ggrl. @7 acetate fEfER] = PSP EL-&
PAH ZH AR 94 #5e] #£5 % 4 dA
e A$ A BF S/M el BEFRIREES
F 4
L. REERES B2
AREB/MRE) &N PSP @ PAHE ©lal:
e HESyl Bsle] incubation IFHEAS TATEAL
e RS BMEAN DA O 5BES SATskgleh
1) Na*o| Z%,;

&2

e B nﬂL lo Rt e

et F—E‘ i

Incubation ¥z 2] Na BEE 02248 110mEq/L.
Azl Ask A4 2A BRT uleb 2ok
t}, o]w] NaCl& #&2 LiCl =X choline chloride =
RE= =l B 7% =5 incubation A4 Na*

REEY ﬁ’}‘%“ﬂ wtel PSP ¥ PAH ¢ A EHiol

7} %)

WAhss AL 24 oguk. e o) e MY RE
HEES /}‘E}Z okotth(A] 3 &)

2). Ca**2| B,
Ca'*o] PSP 8 PAH & #FA HEH ¢l HEe

Zel3sks] Bslke =) MRS 0.2% disodium EDTA.
(ethylenediaminetetraacetic acid)E I #3+E
RNl 2ol 104/ Ca**-2& leaching A1 7L ¥ &5 41
H3l BE= Ca'tg 2gsta 9lE incubation PR A
¥ PSP 4 PAH7b fiiRe &=t 4
4 =B [EREE whel

chilling

incubation g %-

e WAl ed 2 BRE A4

. & incubation JRIEN CatEEsT Ehnge] -
g HBAE THEY s Bl AR Ehnsld Cattilg

5mEq/L el 4¢] S/M Jti= PSP 7} 13.5,PAH 7} 5.02
24, Ca**o] & w9 S/MIt 7.37 2.2 [h3led
F% 80% W 100% o]4ke] @A Mg 2yt



64 —RRE KR HREWAY HREREHY Wl Fr—

3) K+ BE;
PSP 9 PAH ¢ #igR ¥ vale K*e gus
A sk7) Bsled w1 incubation B9 KYBEES 3%
LA A3} A 4 =(Cell B vl-e} 2o} PSP 8} PAH
WES Al A 25 KHEESL Goldel we) EERA
2 EHEE e Bl e e sy Kre
v]2] leaching & F K*RE 47 o2& S=74 B
el incubation §-& w] = PSP v} PAH Efe] =5
KYggol= S 2olx &stvh
A B
I |
§% PSP

}
le §i§/ »§/§

15}

5 RO Apan 3PAH
P &
’§ ~7 Li -~
/ i ’
2 :
2ol .,
570 40 80 20 0Ot 2 3 4 5
s (Na+), meg/L Catt), mEq/L
~~ D
9 st L
PSP
vz PAH
5 PSP
10 {/ /
§" Unleached
{ __-fpan
sty .-t
it %PSP
‘,Leached
F-g-—-2- g —— -~ IPAH

ol . ,
O 10 20 30 40 ((Ntf).mgqjul‘;o 0 0 )
K'),mEq/L.4040 O 40 ©

(K*),mEq/L CeMmEQC 15 15 15 0 O

R 4% PSP u PAHS| g Bl BT 2 G
B9 ZEG~1418 BIES FiEHmiEiRg)
2 1) 489 M-S incubation ¥ BHHE BUEAL
Higg

2) #FerY BER HBHEL EEY choli-
neos f{Eslgor Na*9 74 Lites

RER 4= g2
3) K* leaching & 0.15M NaCl Z#Rel] 4 34 7+

Fob A4

4) Na®, K¥, Ca** 2 [EIRFO] LA S w2 #E;

LAt FCatd wheb 7ol Na*, K*, z22]s Catte] 25
PSP 3 PAH &) MRy #Hi BEE vFAx 2 5
Na*e] gl 7b3 aA3tgieth. wleld ol & B o] 29
BRE FFrl FEro2 HErsls] Bl HBARERY B
RADA A Natgk ohel KF, Catt 54 4 rEd
224 2 PEL LEEY R ek Al 4 206 ek vh
S} Ze] o] % WMME S 2F T BIAAY S/M i

H3E FEERHE( BRLYERUN D= 2

pcubation AR E: (41/mg wet wt./hr)
Ne* K* Ga* FEIERC)* (K fRatie
EEA eaching ‘Ho| leaching
(mEa/L) R e AR B g
110 40 1.5 0.718 0. 684 0.528
0 40 1.5 0. 806 — —
110 0 1.5 0. 765 0.842 0. 684
110 40 O 0. 755 — —
0 015 0. 657 — —
0 40 O 0.712 - — —
0 0 0 0. 670 — —

2~3 [ JES THiE
* BFE=2 AR 25°C 0.13M NaCl—0. 02M KCl s 3
HES T YolE WA

+ EF%= ffnd 25°C 0.15M NaCl %me] 3ERIS < 4

aE Yk

#D Incubation FF#Fo A B EMEE 25 E&S chol-

ine*o 2 KRES S
7} PSP ¢} PAH o #fa] 72 11.6 3 5.99]98 o
Na*-& FrZdho 24 PSP oA 4.6 18] 1 PAH o] 4] 1.8
R2A BH G 60%2) 0% THE 2ged, Krelu
Ca**& g BrEelvlele 2 Bl o Alelx g%t
#3) Na¥, K* 22l 32 Ca*t& E% HET 74 ol = Nat
BRErAinee] BEs B—skde. Dk 28 384 &%
£ o]l &8 EHREY choline oz {Fso ZR%E
HEEA £ gt dgor #ige Bmings o4
Al 3 Eel bebgd wbe} o] E LE Vel A gt

5) C1I79] BE;

BREAGRAAS HERBEE B fEe K-
Hof5ly] Hal A incubation TS ol #iFKo)
A BRI B8 23 gvke AL 9
7] e Al el = (Cross ¥ Taggart, 1950). Aol
A EAEEEY CIr(139 mEq/L)E SO, =2 &g
F OB FAS G wk Al 4 2o TATE wbe} 7o
PSP &} EfHell = B o] glgovk PAH Y 7o &
o 20% BEe S/M M7t BAEAH.

H4E CI°0] PSP Y PAH ERK0 n|x|= 222

Incubation

N - SEN— PSP % PAH ¥
Cl- SO, (8/MD

(mEq/L)
139 — | 13.9841.46  6.02+0.33
L5 1375 1 11.2840.58  4.73+0.30

(6 DIFIES] T LEHERE)

6) HipMES2 #E;
WIEeE 4 JeEihel 24 M U & phEkal
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H 5% PSP 2 PAH FHO 28t sucrose B HibihHS| &

Incubation 7% B oW k=

o : PSP % PAH ¥H
WH (}%&F(mM/nga RE (S/M) ' pl/mg wet wt./hr
‘Sucrose 120 50 11.80£0.71(19) 5.2924-0.41(17) 0.804(2
:Choline 60 50 11.1340.85(12) 5.033:0. 38(8) 0.745(2)
‘Li* 60 50 10. 13+0.67(12) 2.78+0.19(D* 0. 663(2)
‘Mgt 30 50 9.54-+0.80(7) 2.691:0.30(8)* 0.594(2)
‘NH,* 60 50 4.1940.16¥Q1) 1.114+0. 05QA)* 0.748(2)

(il L B

C ) WEGI

* Sucrose B3} HirtEMH o= FHIA «+E(p<0.001)

choline .2 {{F3lgw vlolm2 B
B TR el dt=A EEREHEBES TReld &
T Aol ol x choline 8| FHAFE gk, o Tk
A4 =AM A REutel o] Na* & Litoz RE
3t4l-% 188 choline o 2 ENHY-E < ucl o) HEY
HES vlAle A%E 2g v o9 2 HHELE 94
Na* JETHS 8L RER LitY Y8 Jd2
& Rt

wrehA EARR%S] Nat gt 60 mM & &EY sucrose,
Li*, choline, Mg** == NH,*2 {{E3 % sucrose &
RET 2--CHRID} st 27 A 5 3] 543
kel 7Zteh, & choline -& PSP} PAH 9] %ol ¥ B4s
& A ggket Lite PAH S A& <F 45% BE Mif
AZ 5k Mgt 4 PSP Bl & 24 S vIAA 3
ske vt PAH & Bl #9 50% BES EHEL 1IH
RS vl gla NH,*& PSP ¥ PAH 9| BE& =
= AlsHA] #pglste & oF 60%2F 80% sk oA
Bes Jebi e A BRERELS Litsk Mgt
L2 REZE 2% oh& wosgdch

Ch Acetate {FFRO #5l RETRES] HE

47 7] Cross @ Taggart(1950)¢]] {k3}e] acetate 7}
RREBEWIA S PAH HES TEM @IS e 5
o] R LIk A8 B BN A o] kel H
WEBBHE R Sl ¥e gz Yok 2 g
ohv] g} PAH EF] Wl qt o] 2@ acetate o] {ERel A
73 BES Kre] EuRkz s Ao] Taggart et al. (19
53l Kete] #HEH T =

webd e BWHEVIRS PSP 9 PAH 9| #FH
¥igt acetate o] #pFsT FEEME o= HERES A
Az JEAE sty Bt A2 o' 37kx R
& et 1 BRE kI &

O BEEURFE 55 % 54 PSP st PAH EHiE
-5 WAt

@ WHE 0.13M NaCl—0. 02M KCl 7#iiNol 3 i

Bl -8 BE

5t gol AZEY ARBEEE vlel leaching A1 #
PSP ¢} PAH ¢ EHrE-S Ak},

@ #4531 K*3} acetate o] 1A & FEWSl7) BAHA 0.15
M NaCl #rgrhel A 3RSt MRS K& leach-
ing A7) #% PSP @ PAH ¢ ZH#:e Fag

1) Acetate 2| £ 0| & Na* 2| FE:;

ASE (A)AA & 4 de vheh o] REMEHEE
'H-% leaching 81=] &-& IEHYIH S NatizE 110 mM 9|
Rk el incubation 3]+ PSP @ PAH ¢ S/M 7}
A7) 9.33 4,319l Aol RFFEHEE leaching 3 #%
Na*iEE 10mM ¢ %ol incubation 3+ 7% S/M tL
7F 747 3.8 3 1.04 = &= g}l o]w] acetate T H It
g}, acetate § A 7FEHR] 5T Na*e] TG-S 110
mM =2 &8-% wi¥E leaching 317 @& EEEIAY XK
#eol] TEelA] £ 0} acetate &} Nat & S Ao st
& 7ASole PSP ¢ PAHS S/MIkrst A4 8.8
3.8 =A IEH ] #EE e

2) Acetate 2f {ER0| CHEt Cat* 2| EE;

Ca** 8] H9ol= RBHES leaching 3 # acetate
2 Ca* & 5oz A/ME A= O e
Ca**3} acetate E [Fpel] A 71g o 24 leaching 312 ¢
2 EFTAY S/Mitd ErdRG 5= (B)).

3) Acetate fER0| 28t K* 2| B

A (U ERLS leaching 3 PRl A 2d (W 5=
(c)) leaching #% K*-2 %3512 ¥+ kel incubation
3)&a, PSP 4 PAH ¢ S/Mit7t #7] 6.67 2 2.76 .2
2.4 leaching 312 & [EFYIH2 S/M It 9.26 7 4,24
o WA oF 70%= TEstw. ol & K'k& AHristg
& Aol R QA Rk acetate vb-E AR S =
acetate 9} K*-& @iye] A /L wjel slrtz 7
BB FEel T ERYAY Kikd =gstydel.

¥ MRS Krab AHEES =5 leaching & 4]
FalAE (Al 5% (D)) K*3l acetate B [l Fof 5}
A& 7ok IEHYHS Ko =gt
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Sub. leached

(]

S/M Ratio

N0k wmEa 40 0 0
1O (AckmEa: O O 10

xo 0 10
o 10 o

Sub. leached o

EXY O
(CaymEasli |5

f. S(K L,mEg/L: 40 o]
(AchmEq/L O 0 | 0

5
(0] 10(Ac), mEg/L: O

X 5% Acetate 8 ARE i) PSP 9 P NE T
(4~15m1 BES B HEER
2% 1) (J:PSP @:PAH
2) (C):leaching 3tx] & Wi,
3) {RBILES leaching 2
9 leaching - 0.15 M NaCl s

A4

e H RO K282 #(tmEy/kg wet wt.)

Incubation §ij

Chilling 3 ICthmg fjafifn{ié I{I;:;hﬁga%&;aﬁ
7s+1 6(12). 54--3. 6(18)( 6245. ocs)’ 26(3)7
Incubation %
TIncubstion | e e A
o % K e -
+ ++ Rz Ee) | Kty A
Na* K* Ca IE leachmgﬂ ’ B0} leaching
(mEq/L) | N T
110 4015 66 | 5@ | 5@
0 40 1.5  105(3) | |
110 015 303 68(3) | 34(3)
0 015 390 ’
040 G 67D |
0 0 0 4500 {

HKibmHEE @2

o G| 1o

Incubation ¥EjK* Sucrose{] lme NH,*
KOs | 14 168(2)' 66| 68(2)| 50(2)

(il - EREEERE)D

C D) HEfk

* 60 mEq ¢ Na'o] ¥ MEz RER B

Sub. leached

X ond Sub. teached

0.13M NaCl—0.02 M KCI ##iRal 4, K
BN A BERBERA Tl 3 RERIE

CRE BREYHAIAY BEEEHY BT HE-—-

V. & =

7t —fegel aE
Incuation BT} REEC] HE;

d = 7] Forster(1948)¢l] f&ksle} Y
(slice technique)e] ke IRV
o AR LK 2% H5HE (Cross B
Taggart, 1950; Shideman et al.,, 1952
Taggart et al, 1953; Forster @ Copen-
haver 1956; Mclntosh 2 Childress, 1957;.
White, 1957; Forster,.
1958; Foulkes 2 Miller 1959; Essig 5
Taggart, 1960; Burg @ Orloff, 1962;
Despopoulos @ Segerfeldt, 1964; Copen--
haver @ Davis, 1965; Murthy 2 Foul-
“kes, 1967)el] fkato] ol Jydhel AMAHE
EE SRRl FIHE ol 2 A
+ 2o A8 BT 5 A Sgieh

ol HAEWEEY k@l
AL FEsh EEIEREY-S <2 H
Lz F¥isiglo wleha ARMeR I
ko] BITHA BAE A4AT B
o] FH ey} Pt Aol AAA = FREH T Kekh

el WHl A Bk PSP R PAH & RESHE
el whet AR R Rl feEhyEskEEel =3l
g o 7R AL @ e 29 enl (2R ¢
= Crossy Taggart(1950)%) PAH B H—3a+4l
o}, Mclntosh @ Childress(1957) & HRBEMWEIA & 6
AT BBl A Fd PAH RE7 2 4M/ml DLEY =
= HEBmIE ) Aok RS wb e 2d
o] Al AR BERG AL PSP PAH Y| 7%
oA BF 23 o] ZAt @ghomZ Michaelis-
Menten 4] (Christensen = Palmer, 1967)-& A-&3}¢
BAEREES FHstg R v PAHAAE 100mg/100g
wet wt.(9F 5 uM/gm) = 4 Mclntoch % Childress(1957)
7t T 10,10 pM/gm o] #3848l e Foul-
kes 5l Miller(1959)7F KAEE #H AT in vivo EEA

Copenhaver %

WRE feBhfho B ISl = PAH 8 Fol A~5 M/
gmol et WER A=t —F ik
o B

%kl pH #gol PSP 3 PAH ¥fd] nlA& B4
L s A7 (A3%) incubation R EiES) pHE
%0 2 & phosphate btfferq] 79 pH 7.4l 4 FE
25 Bk EEE 9. 1954 429 Carhart et al. & 7)
BEkTI Ao PAH %ife] phosphate buffer & {#f% 7

S BRI acetate 8] FEATHEA Akdlol Ealk B



—d g Es] R A 2 A 15 1968— 67

AA A =A o] Fejxw sodium-acetate 7} FE
T AL o mEe NPKE AREE OH ¢l ket
incubation o] ¥£f7= ¢ we} A3} pH & alkali 0. 2 7
SN T 1 fFE PAH Y fER EH Bidsz
slgirl. 81} bicarbonate buffer & {HHT 7 ol =
olel H&o glgvtm »usdtgow] 2 # Farah et al
(1959)-¢- 9 4] sl pH 6.5 4 A EEEIH ¢ PAH
el AR o] Fol A& WAty uul ook 2R ER
 BiipHEe] 24 A1 &R = X 2o}, g incubation
B & e pHE 52 o HRE st et
phosphate buffere]] 4] = PSP 3 PAH ¢] Effo] 25 o 4]
pH 7. 43550 A BAES 1.9 <A gt tris-(hydroxymethyl
aminomethane) buffer o] 4] = PSP 9} PAH 7} A = @&}
Wi pH 7.6 Al A 18l ##EE 8.3 T4
fFHfEs 2 v PAH 9] 71 %+ Copenhaver 9} Davis
(1965) 7} 4635+ u} propanediol buffer & 41 £+ pH 8.3
dlA PAHY ¥#iel RAkgw Ask A—3bek, 2w
phosphete buffer 8 713 pH 7.401 44 &=
hate J2fE-} Zobx]7] = Fell calcium phosphate & &
ATk R Catt BES % MR S/MILIE %
o 2% ¢ © 1} Cattg Prd:gt phosphate buffer ¥l
Ax G4 FAEES pH 7.4 WikdA vebde Aoz
Bo} Ca*to] A= 7eldt AL ohdal 2k
Cross 1l Taggart (1950)7F #hesgut #del CI
phosphate 2 fVEF v el % PAH EHidl v F#o] o+
= A4 s wEe] & = pH 7.4 o) Abel A MBNERE

phosp-

m]ﬂl I-H

5] WEHE Aol phosphate BT 1AL A R E of
W9 & 4 geh wheld PAH %8l 38 o) i buffer
o 37} olvle] MARAA Pitks] & 4 @, Alkali

od deof 4= PSP{pK=7.8)+} PAH(pK=3.8) =5 Ffo]|

M3 (nonionic diffusion)-2 ¢ A& Ao}, et

A pHE| B MRS (A eD kel ol
oo} A 3EeA i wlsl gol MR BFIHEA
= gik7b 9k b PSP PAH ¢ AP

I BBpie] pH o
B

o] A g FFnSzeivh 2918 4
wlo s PHE i Aoz
Acetate 2} 28,
Acetate 7} E7], M, FHE A=sx @il PAH
5l PSP o BiE sty &S HRLIHE AT
in vitro B8 (Cross 3 Taggart, 1950; Shideman et al.
1952; Schachter et al., 1955; Stgren, 1958)¢l 4} in
vivo HE(Mudge ¥ Taggart, 1950; Shideman et al.,
1952; Woo % Hong, 1963)°. & d= s
ol A vk 2. FEHERE (FRIIES o = WimEstAl %%—
Schachter et al. (1955)-& acetate 7+ el 4] PAH 2]
BIS (GEA7 = A RBRE=A Egdohel acet-

ylglycine & 3o 24 fatty acid B4 acylglycine Ji2
RE skl PAH S B@hel B3 AEEEIHIZERT
FELMIEENEEITENEE RS v GRS
v SRETRE TS BB kilw PAH o 5T HBE
7} A4 & PSP HalA S {EfEHRT donz o
= RBHE2AY e £1 Aoz AA4He] REk
RAPEE S leaching & F acetcte 8] ZhRE B3R
v} leaching 3}x] 9-& #ffell A= PSP 9 PAH 9 %
o] A7 17% 9% 30%7t Bingtel thshed leaching 3t 4L
Bl A E &% 65% 9 140%9) #A% H#ing 29F
0.2 Mo} acetate 7} HIKE I HHEMIEEARA
BEEEA TH8T 9 Aew FRE
L. SEERES X8

Na* 2| 8,

RS amino B (Thier et al., 1963) £+ glu-
cose X5 (Gordon = Maeir, 1964)0] Na*o] MHEste}t
B AL BN AR BRBEEC] Nat o ke
£ gt wbsbgleh, &L Vogel & (Voge! W Kroger,
1965; Vogel et al., 1965; Vogel et al., 1966; Vogel &
Kroger, 1966; Vogel ¥ Stoeckert, 1066)-> BN
(perfusion)el] 9 3te] el MRE M PAH BHjd]
Nat*o] pEe-2 wwg w 9ok, 5 PAH Y Bl =

E RASWHE(TmM) L HHEGRY Nat @ o &st
w, S8 stx FURE, Ev WlET B Bel g st
A Na* @& st Na* BEE RAA 7AW MIRE
MR Na* @EE 444 & PAH BTje] HA=
ALz wol JEFY] Nat et ohvlel Nat B
28 JlaR Ne* e o ste] PAH ¢ Blhe] 294
s shgieh

\\

24k Deetjen % Sonnenberg(1864)+
F o) I ARE BETE S (mlcroperfuswn)é»P 34
7y Na*j2 e 2 100 mEq/L 7= w3 v Na*BE)& zht
AAL "= PAH Bl & L’ﬁé‘"OI fovtz Wstg
o, o]’k BGE-L WADT Vogel o pUiEdAx MAT
Bl 2% 2% ol @ FEe BhpHe] 2 Jl¥ Al
2har #4559 ok (Deetjen, 1967). .1»1 v OAREE A
incubation Y&{firpel] Na* o] ¢1-% = &= i BRI RE
ol #brh 99 A3E)dE B7etw PSP 9 PAH
el =7 sA s Bohslgeb(Rl 4 £(A)). lw] Nat
o] ¢l= Hireler €AelX incubation st Fo
P34 Nato] 1% Aolm g HEi2 & 523 Nato] gl
B obv™ EFEE incubation o] ol I {EHEAS
Na"JBEE fiEstgd glnl 52440, 34 mEq/L ¢ & &
dgivh. wlelA] Net @E7t @es A PSP 3 PAH 9
Tl A4 BAHE AL HUMIAE o & 05—%‘9}
BE)el] Na‘o] LFFHE Rupels], Deetjen o] HE
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Na* @BEFE 100 mEq/L 7}x] el FREA 72 ¢k} 7) of

K+o| 8

Burg ¥ Orloff(1962)-= strophanthidine & {5}
REFEEYS K BES BPAZ #53 PAHS #
BA EHel BRs ERsigs e Wi KY
BEE wold PAHS ¥l HAEA o8& 5o
PAH ¢ BHEp@ARe Kol LET-L gt ok KK
ol A4 (A 4 =(C)) PSP} PAH 9] #Hie]l =% LW
IR A+ fEigehe] KPBEST woldol =t} Ml
ol A TRt £l o= K o] ol 5 HH BEhd
HERE Rgdetw skl 28 v K* & leaching g
4= PSP 9 PAH 9] Fifol 2% K* B+ R
HE Holx kv o] bl K¥o] leaching s & 54
RS RBEEE 9 leaching H317] =il et
A 7= o} :

% Forster @ Copenhaver(1956)& BB EEYIH
2] PSP ¥#ifol K* o ##o] ootz #453lg =, Farah
3 Rennick(1956)-& A ¢ BREEIA- PAH i) K*
£ TF3A dE Bkl AE A Wpldetb e @b
el o] Y HEY BRE olkE ol ¥ HEEY
TR Zd fKstd @AHWAR S w=e F¢ K

= WAL Eo| leaching 5l 27} chEvild] RET

FRAA 2
Ca** 2] BB

Ca** o 4] incubation JFRAS] BE7 WA whet
PSP @ PAH ¢ MR FHS Bgs BAg el (H
45 (B)) o] 28 BiE-L Farah @ Rennick(1956)¢] #45
2ok A e BEEGHY PAH #fgo] Cat*ol ¢l& 3%
20~40% 7} WA sek e FHEF —FEe e J AR
4] Ca**iEfE(l.5mEq/L) 5} o H& CattBEAA S
RSl MBARE Rl & 18m= ¢l vl o] & Cross ¥
Taggart(1950) 7} #2453 vl PAH 9 ##giA e B3
il Ca™@fE7t 1.5 mEq/L 2l FEMI: MR,
Hesl sl n] BMREEARN A MIRERERSS PSP#
ol Ca'* ol ksl k=) (Puck et al., 1952; Forster
ol Hong, 1958) & HEL 4T o S%FHWIt T
el Ak RS B WEBHY BAREAE o=
BE Bkl dvta s+ :

PAE iEahar wkel 2] Na,* KT & Ca*t o] PSP g
PAH BE)o| % FHE 2V 2ol A = Nat 23 ¢
WE M EEStg on Na* $ab ohel K*ojul Catt
Bt BrEdEE o 2 IHESR d=A (A 4
=(D))er nol PSP 9 PAHS| HEhe] #i o] &
B (] B—sRlAl oA Hol= FAw 3

oy e A= Adc)
HitERE g

Li*sl Mg™8 7A-¢ PSP & MRt s #Es v
X ZPot PAH S EiS WE =25 50% 2E=
HEY B Bk (H 5 8). Ak o) % EiF
HE-< PSP ¥r} PAH BBl v Hilfe] zvta 317

Cross & Taggart(1950)& AWK Mgt+& H71g
739- PAH Efffol] o}5-ul o] dlvtm glos 2 f4e
E Taggart et al.(1953)-& Mg**, Mn**, Co**5-¢ 10 mM
7HR AAgS o REBTEALS PAH R %aolh e
S BFRBRAE obTd Bl Jddvtz sty
28 AERAAE 60mEq-& {F/Hge 24 PAH Y
HBAERET e BREBEE BOE Aoz »
o (A 58) o} % BEHS BRE=E &4 A+ R
AEHE WA= A Ao, G653 NHAY A= M
B BEBEEANE T o] ¢l PSP 9 PAHY
EREE 25 FAA(64~T9%) WY AR (A 5 2).
Foulkes ¥ Miller(1959) ¢} Orloff et al. (1961)9] 45l
#ed NH, = BRETRY K*E48E BdAAHz
b, T Friedman £ (19670 % ol 2ig A4 AT
2 EEAA B u ded, 258 NH 7 Ak
fEe EEREEEd = PEE vl gol EkpMEst
SRS KY2HY s (A Astdoe AEN
K*@BES goAet stgdst. AEBAA = NHE
T Ael] incubation 3t ¥ A#ES] pH & BT o2 7180
A AT EFTYIT, = KRS s fiRs &
4+ g (Al 6 2). whetd NH, Yo o3t AR
BAoe MR Kreo) Fol B0 2oz vehd R
2 R

H#IEEREO| acetate (FAG AIXjE HE

A Nate] A9-CAl 5 =(A)) REEES leaching 3
% acetate ib-& HHEYP-S = Na'vbg HEI S #le
PSP} PAH 9 Eife] Aa #hE7F elddeh F Rk
Hol hg o & Nat9] zh5H71 $a, FAlel Nato] o1&
# & acetate 9] ZhErL B-& o var}. 181t acetate
9} Nat & [ERjol] #HIgho. 24 PSP 9 PAH & S/M [
74 IEEEA 25 AR xmol Nato] fEfsH ¢
AL acetate S I = 519 acetate 7} fEHIFY] 95l
A Neto] METS o 4 glgich

Ca** 9] ZA(A 5 =B = Na*sl [F—3t gEife e
vebgtel. webA] Catt o A acetate o] {EfHol A=k
ARI o, FA¢ AEEEe d& d Catt Y
fERE sletx shdlet

o}-g K8 7ol & (Ui E leaching % = & #
WS Kol & 4agle] acetate BRe vebkont
g KT8 25 leaching 31 ¢ o &= (A] 5 =(D))ace-
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tate ¢} K& Aol HeBA3 & o 2k IERER 57 sbgl vk,

o] A& MILE W leaching ¥ ¥ K*o] ¢+ HHKA
ol incubation & #] = A6l = acetate 7} {EFSF7 4]
FET B Kol HEFE gulsted Al 634 1
Erkstl el REMIHE leaching 3 K* 40 mM &) ¥R
<] incubation g 73 -2} MR K+ 480 WP o
&g RolE o 4 glvh,

CBEEYNY BEEEBTIY HT acetate ) {EH K
o] DESEFE AF4Q-L Taggart et al. (1953)4] &A%
Pl gdeh, s RBEE R leaching 5 91 -& 73
(A 55(C)), R@HEE} K¥o] 25 leaching 5 ¢ -& 7
4 (Al 5 ZD)NE FEE AL acetate o] K¥ ub A 713 &
WE Ke el vehix @& Aoz nek K9 fk
Hell & R@HE LELE 4 5 vk

V. ¥ &

FKEEFREYAS PSP @ PAH HEREFEHA #3t —
) BEAR=} incubation VSRS EMEMEKC] ol
u2E FE 9 acetate 8] {Efe] ¥ BPHY HEE
Bk ohgal 2 S Ach

1. BB PSP ¥ PAH ¥inge g
eI EIARS] HEs gk

2. RMHEES leaching & 794}, 8= &-& 249
acetate & PSP 0 PAH 9| BE)E [B#EA R

3. PSP 2 PAH ¢ #EAR-S incubation 72i¢] pH
el & Wkgtor phosphate buffer & @ Bl 7
S FRfE 35 pH 7444 BEREFHS n9go tris-
buffer & fEHSE 7S PSP & pH 7.6 4] 4, =2} = PAH
-+ pH 8.3 bl A HAREREES 2y

4. £ BRHET Nato] Q&+ PSP 4 PAHSY #
WAL b 2A kg o, KF g Cattul
A< W vebdE BY BRE Nato] 34 92 o&
EhbA] S Na* BEERER F—389 .

5. PSP & PAH | MiSAZEH w3t Choline &
o] goow Lifs Mgt & K3 zwja NHf =
AVgE il SR 9

6. fUAIEES leaching 314 wi= PSP & PAH| &
R dsle &8 BRES e JebhiA 9%
o5, acetate 7} ELET 7ol ul Bio] elyirl.

7. LS leaching 3t 3538 PSP @ PAHS| ##k
RERA A5k acetate 7+ EBEE 317 HBllA= Nab,
Ktz z Catt 54 LE= g,

olol AL HER n|Fo] ol FE WM FEEEE
EEE 48 TEEC T HES vz Jdud o %
BIREY EA-e ABIEEY FEMA R dele] acet-
ate 7} {EflsH7] BRAE #EERES LE= T
JER R

AWRE 145 IR o T4 BEREGE Besl v,
e Ee s ipaheted T4 EIHEIA ABMBHE M4 EE 2 K
R o8 A #HEE T
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