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Effects of Anions on PAH Transport in Rabbit Kidney Cortical Slices

Duk Joon Suh and Sang Ho Lee
Department of Physiology, Pusan National University, College of Medicine

Ho Kyung Sung
Department of Physiology, Seoul National University, College of Medicine

The effects of anions on net accumulation of p-aminohippurate(PAH) were studied in
rabbit kidney cortical slices. Experiments were carried while varying the major anionic com-
position of the incubation medium (replacement of Cl- by isethionate and SCN-). The total
replacement of Cl~ with isethionate, SO,z and SCN- in the incubation medium decreased
the 60-min slice-to-medium concentration(S/M) ratio of PAH to 60%, 40% and 50% of
control value, respectively. The degree of inhibition in PAH accumulation by the replacement
of isethionate and SCN~- was increased with increasing of both preincubation and incuba-
tion time. The influence of isethionate and SCN—on PAH uptake was fully reversible. Both
isethionate and SCN- increased the apparent Km value significantly with no change on
the apparent Vmax value, suggesting a competitive inhibition on PAH uptake. And the
inhibitory effect of SCN- on PAH uptake decreased with increase of pH in the incubation
medium while that of isethionate increased with increase of pH. Intracellular water content,
intracellular electrolyte concentration and oxygen consumption were not influenced by the
replacement of C1~ with isethionate or SCN~ in the incubation medium. These results sug-
gest that both isethionate~ and SCN- inhibit the PAH uptake by binding to some site
necessary for normal PAH transport without affecting the cellular viability.
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Table 1. Composition of incubation media(mM). Incubation was carried while varying the major anionic
composition of the incubation medium (replacement of Cl~ by isethionate or SCN-)

Anion Na* K+ Ca?+ Na-acetate Phosphate buffer
Cl- NaCl(100) KC1(40) CaCly(1.5) 5 5
Sodium
Isethionate isethionate K,S0,4(20) CaS0,(1.5) 5 5
(100)
: Sodium
SCN- thiocyanate K.S0,(20) CaS0,(1.5) 5 5
(100)
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Table 2. Slice-to-medium concentration(S/M) ratio of PAH in the presence of varying concentrations
of isethionate, SCN- and SO,* as replacement for Cl- in incubation media. Results shown
are means--S.E. for 5 experiments. Data were analyzed using the unpaired Student’s
t-test and probabilities shown are comparison to the (% substitute values. Numbers of
parentheses indicate % S/M ratio compared with controls.

Substitution (%) Isethionate SCN- S0,
0 6.92+0.62 (100.00) 6.92+0.62 (100.00) 6.92+0.62 (100.00)
25 6.92+0.48 (100.00) 6.99+0.97 (101.01) 6.02+0.44 ( 87.02)
50 6.50+0.31 ( 93.93) 4.93+0.54%*%( 71.24) 4.22+0.42%*( 60.90)
75 5.78+0.44* ( 83.53) 4,41+0.70**( 63.73) 3.47+0.35**( 50.14)
100 4.09+0.37%*( 59.10) 3.28+0.25%*( 47.40) 2.84+0.21%%( 41.04)

(¥, p<0.05; **, p<0.01, statistically significant)
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Fig. 1. Slice-to-medium concentration(S/M) ratio
of PAH in the presence of varying concen-
trations of isethionate, SOz~ and SCN-
as replacement for Cl- in incubation
media. Datas were analyzed using the
unpaired Student’s t-test and probabilities
shown are comparison to the 0% substi-
tute values. Ordinate indicates % S/M
ratio and abscissa indicates % substitution
ion in medium.
*, p<0.05; *%
significant)
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Table 3. Effect of isethionate and SCN- on PAH uptake(S/M ratio) in rabbit kidney cortical slices as
a function of preincubation time. All values represent means+S.E. of 6 experiments. Numbers
in parentheses indicate 2 S/M ratio compared with controls.

Cl- (Control)

Time

Isethionate SCN-

0 5.950.63
10 5.96-0.62
30 6.8010.51
60 6.8571-0.48

3.6310.44(60.84)
3.17:+0.31(53.19)
3.14£0.35(46.18)
3.32:-0.52(48.47)

2.95:+0.25(49. 58)
2.81:£0.21(47.15)
2.750.18(40. 44)
2.20750.27(32.12)

Table 4, Effect of isethionate and SCN— on PAH uptake(S/M ratio) in rabbit kidney cortical slices as
a function of incubation time. All values represent means+S.E. of 6 experiments. Numbers of
parentheses indicate % S/M ratio compared with controls.

Cl-(Control)

Time

Isethionate SCN-

1.24::0. 09(63.27)
1.92240.19(66.67)
2.290.18(54.52)
3.107-0. 24(55. 36)
3.334:0. 23(46. 90)
3.712£0. 09(49. 60)

1.2020. 20(61. 22)
1.7210. 26(59. 38)
2.097-0.21(49. 76)
2.13£0.36(44.64)
3.084-0.28(43.38)
3.01£0.27(40. 24)

8 1.9610.15
15 2.88+0.32
30 4,2020.60
45 5.600. 91
60 7.10%1.00
120 7.48+1.28
1
Ci~
2 6t
&
=
» 4l
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0% 30 5 % iz
Time (min}

Fig. 2. Effect of isethionate and SCN- on PAH
uptake in rabbit kidney cortical slices as
a function of incubation time. All values
represent means-+S.E. of 6 experiments.
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Table 5. Uptake of PAH in rabbit kidney cortical slices preincubated and incubated in meia of varying
anjonic composition. Slice-to-medium concentration(S/M) ratio of PAH after a 60-min incuba-
tion in incubation medium containing isethionate or SCN- as a replacement for Cl-. Prior to
this incubation, slices were preincubated for 30 min in a medium containing Cl-, isethionate
or SCN-, The values shown are means+S.E. Data were analyzed using the unpaired Student’s
t-test and the probabilities shown are compared to the corresponding control in each series,
i.e,, Cl~ in both the preincubation and incubation. Numbers of parentheses indicate % S/M

ratio compared with controls.

Anion Composition

Series - - S/M Ratio
Preincubation Incubation
Control Cl- Cl- 7.6730.44 (100)
(1) Cl- Isthionate 4.03-0.18%*%( 52.54)
Isethionate Cl- 7.42+1.34 ( 96.74)
Isethionate Isethionate 4.43740.55**( 57.76)
I Cl- SCN- 2.9520. 44%%( 38.46)
SCN- Cl- 8.8640.96 (115.51)
SCN- SCN- 3.3720.59%*( 43.94)
(**, p<0.05, statistically significant)
.4} B,
50} SCN
¥
Cr .
401 b= .3
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2 I E
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3 Z
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Fig. 3. Effect of anion on active PAH wuptake. Fig. 4. Lineweaver-Burk analysis of the inhibitory
All values represent means+S.E. of 6 effect of isethionate and SCN- as a Cl-
experiments. replacement on PAH transport. Initial

rate of transport(V) was determined

7F 2.95 B+ 3.372 z+4£314 vH(p<0.05).
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ining varying PAH concentrations(S).
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® apparent Km & a1 2F(ClY) 0.40 mM o] 4 ise-
thionate &) A & 0.86 mM & SCN—ojlA & 1.33 mM=
=78t9l.0 = & isethionate ¥ SCN--& PAH o] 4]
ARA o2 dAAZE /A dietn & 5 grh
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Table 6. Total tissue water content, inulin space and intracellular electrolyte concentration(Na* and
K+) of slices incubated in media containing isethionate and SCN- as a substitute for Cl-.
Values are means+S.E. of four experiments. No valuewas significantly different from that

of Cl-,
Parameter Tissue S/M [Na*t]i (K*li
\ H,0 Ratio (zEa/g (¢Ea/g
Anion ] (%) of Inulin wet wt.) wet wt.)
Cl- 77.25%1.29 1.0140.05 68.8312. 61 91.2742.96
Isethionate 78.01:0.72 0. 9820. 05 65.94+1.59 93.54+4.66
SCN- 79.38+0.56 1.20+0.07 65.90+3. 06 98.46+5.71
60 7) S0[20] PAHO|ZA] YgtEQl H=EJs
é’ 0 gSdol olxl= ¥
o 8t & £ 62 incubation £ofv] Cl-oj4l isethionate %
3 SCN-22 dAARE o) FEFH(%), AT
§ 6r ettt ZE(S/M ratio of inulin) %@ A4 Nat g K+txx9)
2 Al G3kg el Aolv}, ¢] 5 EE paramater o] o] s}
= a,Cr o o] F Fo] 22 ¥ FFL el A Esgeh.
| 2 + obionate =g 290 4242FE 4 9] dd & o
! EF A 3.01£0.3pl Oy/mg/h 7} isethionate o 4
ot—, (:; 'lI é ‘.l] + 3.1240.31 gl Oy/mg/h 2 SCN—w 3.05-0.29 pl
pH Ox/mg/h(n=4, p>0.05)°] gl c}.
Fig. 5. Effect of pH of incubation medium on

inhibitory action of isethionate and SCN-—
to PAH uptake. Medium pHs were obtained
by 10 mM imidazole(pH 6.0~7.0) and 10
mM Tris(pH 7.4~9.0) buffer at 28°C. All
values represent means+S.E. of four expe-
riments. Inlet shows % inhibition of PAH
uptake compared to the corresponding
control in medium containing isethionate
(©) and SCN—(@) as a replacement for
Cl-.

6) pH S50 w2 33
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SCN-o] PAH o] 54 < 3o olw ExE el £X
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dazole buffer 24, pH 7.4~9.07-3& 10mM Tris
buffer 24 HEA4A #3Asgdy Clo,
% SCN- =% pH 7.4014 PAH 9 3+
epl g2 (2% 5), HEFq Clell =3
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SCN-o A &= o] 2} =e] A 2Hgo] F4stgd e,
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F52E v
isethionate

isethionate ¢

o &t

4% 7] Forster(1948)e] ¢ 3sled Asdd (slice tech-
nique)o] A& kA ATl EQH o] Cross
2 Taggart(1950)% ¥ %39 BT o TA-E(Chung
1970; Forster and Copenhaver, 1956; Foul-
kes and Miller, 1959; Hong and Park, 1971; Hong
1978; Huang and Lin, 1965; Ochwadt and
Pitts, 1956; Rennick, 1972; Shideman et al., 1952;
Weiner, 1973)¢ll ¢ ske] o] whdle] 2% {714 £
34 g Fo o] &5 2 AL T3
4= oAl = 9=k (Ullrich, 1976).

ZElx o7 4k iAol A AR E
F282 3 F59 AL q8 ATFAEA 4359
4] =5 ¢l v} (Bernner and Kinne, 1976; Motais and
Cousin, 1976; Ullrich, 1976; Weiner, 1973).

Alds 2 Fe8 AA x4 PAH o] Fo] Nato)
v K] o8] g ag vievte A4 de] ¢ &
21} (Chung et al., 1970; Forster and Copenhaver,
1956; Podevin and Boumendil-Podevin, 1977), %)
Sl Gk AL BE a7 wkst g

et al.,
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§ Zol
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cose o] Boll A ol &4 A Eu sy o] sz} Al
ote] W3LE ze)sle] glucosed o] Fe] FFT Lw
Tt Aol walZ m(Carter-Su  and Kimmich,
1979), Berner ¢} Kinne(1976) % Cl-al4l SCN-o] o
25 9¢ ® PAHo o) gAgo2A A2 Aol
L4 02 Z5% o PAHolFo] 9dak& vtz 3
4k,

a8 Podevin 5(1979)& Als1d A slA NOs~
5 SCN-gaj<of incubation3-& ] basolateral
membrane potential 3] & W3lrl &elldx gedn
#}eied, Kimura $} Spring(1979)% Necturus ¢8| &
QA xR A 2L AAE Budqd. E§ Dantzler
o} Bentley (1980) =. #e]d AL Aol SCN-ols}
isethionate 6] PAH o] %o] g v x| &7t
s Alzat ol AR HHE st vebd
t Ass obd e g BT ol E T 2ol LB
Azt ote] W3LE 2ejste PAH o] & AAg+
q 4 zae 44 FAstx] £3bx  isethionate v}
80.2-& PAH o5& S7HAA ok 3k glucose 7 §-o
ol £50] Z7LA7m Y} (Carter-Su and
Kimmich, 1979). 22l & 4@Zst A=xhd 444
e Sol 2ol A4 A R FoidE
o) 2% PAH |54 AAstn Y7 «&d, °F
239 W3} Alzutxichdl WEE ZAPHAE 2
o G e a8 24 22 Aoz 235 ok
A 4R ATE o gt AR AmFALE 3G
224 ;4T + ¢ Aolwh

o

N

t °lE
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Podevin 5(1978)& £o]£% SCN- 2 NOs
incubation & o 2394 s]5(tissue viability)e]4}t
4 29 F 9 Aol AAFHE Y, & 4E
A 4ude, AN FE Y Abe4ETF BT 2
W sls}t qQof isethionate 8 SCN-o] Alsld Asd 2
A7 d ¥ 98¢ e gertr E F gl
wleb4] isethionate 1} SCN-o] A zuhzla)q) ojd 4
3 dosAE $¢ ALz AASH Goldinger ¥
(1980) % SCN-o]1} NOs~o] F£3%, AN FE
2 AE2RFE o WIS EHHA ?;gagxi Ax
9] A 5e 93-S elAx EFachn sty .

22 Low 5(1984)-& 3¢ 4% basolateral memb-
rane 8] £ XA A Frl fol-3k H71 Fol29 F
XA £o]-& T#A (common anion exchanger)st &
AgE o) & Natxpe pHapeld] &3t 43" 4 g
vz dgo B dP2REe o] ZAAA A7 AL
A g 2 ge B FTH o ¥ AL: 4R

SITS = H 8 Fete| A A x2hg F3lstA g A%
o 9 Bo) 4 Az amino group s FFstd &
0] 29} o] 5& oAls}3 (Cabantchik and Rothstein,
1972; Rothstein et al., 1976; Snow et al., 1981),
Al ARAAE PARY o 5¢ AR A= AR
L Aoz uwa= Hong et al, 1978), o] &4 o] 4l
Xe+¢] amino group 3 At Fole o5 ¢ o

Aste ZFEE vehd Aoz F2Ha 9ed, EF
lyotropic anion So] amino group s+ AFiE AL

2 3asy H}(Wleth 1970) Q17 = o] ol F Lol
Eo| Ax=te] amino group i AFste Z AR}
£ el AAedel gt

wrel SCN-o} SITS s} o] 4] %=t¢] amino group
st Agstd 2 E5%8 vepivld —NHs's 317
Ao g AFsRA ofyml —NH9t 2L A
2 Aol webd —NHg*s} NHy7b §9f pHel =
B} @gkg wty) A Eo] SCN-¢) oA Est7t pH w3}
ate} gepd Releh, B A¥As pHFobel wel
SCN-of ¢]@ PAHo|F¢ AAAEs F4FoE4
—NHsto} AAls1doz AFE A54S Bolz 2
w, o] SCN-¢| Zgo] sl es et A3EA
= s,

281} isethionate & wWto} & pH 7t Frhgdel wel
N A 25t S/ el o) —NH9} TH2 3
A5 Aoe= »rE YET

2Py 2 A8 A3k SCN-olu isethionate o)
PAH¢ 4738 o2 ogAsts w-gol PAHZ AFst



—A"E 9 24

= 4ol AR ALt 2 dAEFAE el RO
2 335" PAHS o] § F7 Fol&E0] FY ¢
wrA) o] 9 she o] FeA = ¥ & T ste] obat Tld
o 474R .
E=| =
7] &o]-2(isethionate & SCN-)o] s}E Als]A
Ao Z-gste] PAHS o] Fd v mzbe

2 ok e AAE 4R

1) Incubation -84y Cl—= AJ_ isethionate, SO,
2 SCN-£ 100% w2471= PAH | A vx/4
50 (S/M) & isethionate i A1 &= 6.92004 4,092
ok 60%, SO oA & 2.842 oF 40% 7] 3 SCN-d|
AL 3.288 <F 50% 4= 9=

2) Al=s]A Aol A isethionate @ SCN-& PAH
o] ¢ incubation 4] Zke] X gel] =l FHEAZ 2w
60EoA Wl 2Fq Cl-g£4¢ PAH S/Mujgl 7.00]
isethionate o] 4] 3.5 @ SCN-d|4 3.0oE 4
st

3) PAH o] 5ol =3t isethionate @ SCN-9
£ 4A3 Ao 3EH g,

4) Isethionate 5t SCN— =% PAHo|% =3 d|4
Km A& e gAd] 74042 Vmax Aol W3ks
Rolx Lozl A4RAAN JAFAE e g

5) Incubation £4 ¢ pH 7 7.49 = PAHe| &
o] Hul® Jepyron isethionate @ SCN-o] 100%
2=l 24 pHell W3l gy, pHIL
2713t w2l isethionate ] oJAEstE ZFrisvl
k3] SCN-¢] Esbe il = &= g+

6) &R, A AN ¥E @ ALEEF
L o] % Fy] Lol Lo a4 FIFL wx @kt

o]Are] A= Mo} isethionate @ SCN-o] 7}E
AR AN A f714k¢] PAH ol T& AAE = 4
2 FFAo 4% vl PAH 5§ oA 2
vt PAH &bslel A3 Aoy o 548 v
B Aoz &5+,

3 &
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