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Kinetic Analysis of the Hepatic Transport of Organic Anions:
Role of Intracellular Cytoskeleton
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The effects of colchicine on the plasma elimination and biliary excretion of various organic anions
in rats were examined. Elimination of indocyanine green (ICG) or rose bengal (RB) from plasma
was significantly delayed when rats were treated with colchicine (3 mg/kg body weight) 3 hr prior
to the administration of the dye. On the other hand, disappearance of sulfobromophthalein (BSP)
or bromophenol blue (BPB) from plasma was net influenced by colchicine. The plasma disappearance
and biliary excretion of organic anions were kinetically analyzed based on a compartment model,
in which the deep compartment and the unknown disposition are incorporated. The transfer rate
constants of ICG or RB, ks (from the liver to the deep compartment) and ksz (from the deep
compartment to the bile), were decreased by colchicine, but those of BSP or BPB were not changed.
A mechanism for the decrease in the kx and ki values for ICG and RB might be explained by
a inhibition of colchicine to the intracellular cytoskeleton. The hepatocellular distribution of RB
or BPB was then determined. BPB mainly distributed to the cytosolic fraction, but RB distributed
to each hepatocyte organelle. Taken together, it was suggested that ICG or RB is transported
through hepatocytes into bile with the aid of the cytoskeleton, whereas BSP or BPB is handled
by hepatocytes in a different way.

Keywords —Organic anions, biliary excretion, indocyanine green, rose bengal, colchicine, sulfobro-
mophthalein, bromophenol blue, cytoskeleton, hepatocyte.
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Scheme 1—Subcellular fraction of the lver. Nuclei and
cell debris, mitochondria, microsomes and cytosol frac-
tions are obtained from the precipitate 1, 2, 3 and the
supernatant 3, respectively.
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Figure 1—Effect of coichicine on the plasma disappearance curves of organic anions. Colchicine {3 mg/kg) was injected
intraperitoneally 3 hr prior to the administration of each organic anions at a dose of 10 umol/kg (®; colchicine
treated group, O; control group). Each point represents the meant SE of three rats. Panels: (@) RB, (b) ICG,

(c) BSP, (d) BPB
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Figure 2—Effect of colchicine on the biliary excretion of organic anions. Colchicine (3 mg/kg) was injected intraperito-
neally 3 hr prior to the administration of each organic anion at a dose of 10 umol/kg (@®; colchicine treated group.
O; control group). Each point represents the meant SE of three rats. Panels: (a) RB, (b) ICG, (¢) BSP. (d) BPB

Table 1—Effect of Colchicine on the Pharmacokinetic
Parammeters of RB after s iv. Administration {10
wnol/kg).?

Table X—£ffect of Coichicine on the Pharmacokinguc
Pararneters of ICG after its iv. Administation (70
wmol/fkg).*

Parameters Control Colchicine Parameters Control Colchicine
Vi (mi/kg) 322+33 - 290%19 V: (ml/kg) 239405 269+3.1

Vi (mifkg) 1183+ 1.1 120537 Vo {mi/kg) 822+ 120 898+ 72
Vi (mifkg) 15051 39 1496£3.1 Vis {mifkg) 1060+ 130 1167+ 100
Kp (min™%) 0.177+ 0.026 0.188+ 0.038 Kiz (min™Y) 03610014 0.329= 0.009
Kz (min™?) 0017+ 0.001 0.0301 0.007* Kz (min™1) 00221 0.003 0.031 0.003*
Kz (min™Y) 0.009+ 0.004 0.005+ 0.001* Kz (min™?) 0.018+0.002 0.007+0.001*
Kot (min™%) 0.021+ 0.003 0.013+ 0.007* Kz (min~1) 007110010 0.054+ 0.005*
Ks (min~1) 0.080+ 0.009 0024+ 0.003** Kz (min~?) 0.069+ 0,007 0.048+ 0012*
Cl,, (mi/min/kg) 55510.72 570+ 140 Cly (mi/min/kg) - 8661050 880085
Cluw (ml/min/kg) 352+ 083 2,13+ 059* CLix (ml/min/kg) 6871058 6.07+ 0.65

“Meant SE. of three rats.
*Significantly different from the control rats (p<0.005).
*Significantly different from the control rats (p<0.001)

EXE 247 v zolth RB2 Mxd #ohlg
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“Mean+ S.E. of three rats.
*Significantly different from the control rats (p<0.05).
*“*Significantly different from the control rats (p<0.01)
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Table II1—£ffect of Colchicine on the Pharmacokinetic
Parameters of BSP after its iv. Administration (10

Table IV—Effect of Colchicine on the Pharmacokinetic
Parameters of BPB after its iv. Administration (10

wmol’kg).?

wniol/kg).?

Parameters Control Colchicine Parameters Control Colchicine
V; (ml/kg) 384+ 32 326+1.1 V. (ml/kg) 369+ 09 325+23
V; (mi/kg) 285.8+ 16.0 124.1+ 7.8* V, (mi/kg) 1746+ 48.7 121.1+ 17.2*
Vs (mi/kg) 3242+ 180 156.8+ 6.7* Viss (mi/kg) 211.5% 485 1539+ 19.5*
Kiz (min™}) 0.829+ 0.060 0.959+ 0.091 K2 (min™?) 0412+ 0.009 0.423+ 0.012
Kz (min™Y 0.032+ 0.006 0.123+ 0.002* Kz (min™1) 0.027+ 0.010 0.042+ 0.001*
Kz (min™)) 0019+ 0.001 0.019+ 0.002 Kz (min™Y) 0.012+ 0.003 0.011% 0.004
Ko (min™!) 0.075 £ 0.007 0.081% 0.022 Ky (min™}) 0.069+ 0.015 0.065+ 0.008
Ksp (mia™) 0.338+ 0.001 0412+ 0.107 Kis (min™h 0.088+ 0.034 0.108+ 0.019
CL., (ml/min/kg) 319+ 394 31.0£1.77 CL., (ml/min/kg) 15.2+ 0.25 1381057
Clw (ml/min/kg) 229+ 501 15.7+ 1.03* CLw (md/min/kg) 11.6+ 041 8.77+0.13*

“Meant SE. of three rats.
*Significantly different from the control rats (p<0.05)

“Mean= SE. of three rats.
*Significantly different from the controi rats (p<0.05)
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Figure 3—Hepatocellular distribution of RB (A) or BPB (B) at 15 min after its iv. bolus administration (60 pmol/kg).
The results were expressed as the percentage of the amount of organic anions in a subcellular fraction to the
total amount in the liver. Each value represents the meant SE of three rats.
Key: (@) Cytosol, (b) Nuclei and cell debris, (¢) Microsome, (d} Mitochondria.

bile canalicular ¥ o2 457 did FF
vdo] A MaA Jehte Aeg 234U

$3 GOT % GPTxloff tii$t Colchicine2| &t

Colchicine® F§3le] 3A17to] At ¥ 24§
FES €3 GOT R GPTAE Table Vol Yehj
Atk ¥A GOT R GPTA & colchicine & &)o) 2J3)
FA8UA F7HEQek 28y ol2id o Du-

bin 20} B3l A= Ao, A XA

Table V—Changes of the Serum GOT and GFPT in Col-
chicine Treated Rats?

GOT(IU/ml) GPT(IU/mJ)
Control 40+ 10 18+ 1.0
Colchicine 141+ 40* 109+ 1.0*

“The changes of GOT and GPT value were determined
by Reitman Frankel method (n=3). For more details, .
see text.

*Significantly different from the control rats (p<0.01)
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Scheme 11— Hepatic transport system of organic anions. ICG of RB is transported through hepatoéytes into bile
with the aid of the cytoskeleton, whereas BSP or BPB is handled by hepatocytes in a different way.
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AxY 49 ojM deep compartmentE Il
B 2ol o5 {713 olA AEEY VRZF
24 2 95 Fo18 £=E30 8 HNE A,
v A HAF &Y 2 E5ude] =¥ RB ¥
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9icH(Table L-IV). =4 RB& 2z} ©]4|7)&(organe-
He)ogol X7} & wid BPBE F3 AX 49
EEXFE ¢ F ATk BAHZU A7 A
ICGel =A7F 808 A 9 BSP7L 2 AE
el Xk 23®e 138 o, ICG ¥
RBe M4 2 9Fwde viejlazgfie
FEE Aedn gREg. = ol FEEo)
FHAEE B3 S48 T BEYeAT 3
ok REAozE BEungd o8 £4dria &
FESO 9 2T AN F2 BExshE BSP
% BPBT uwlolag R ojs) 4:40] YojgAle}

A 54 F AASE HEL FAY S
Axety YZE(Scheme IID).

ool AgAde el RB ¢ ICGo) olM &
Fuldo] =& A& 7B deep compartmentS
UYetlE slolagfi 5o AXU IAA A%
&) 987] Wgolzgta M@t =% BSP ¥
BPBE IMXE YoM F2 MEZH Aty bile
canalicular®t 08 £4350] vuz W= 45
Hldo] dojue Aoz FHd

2 £

1. RB 2 ICGe] ¥A444 s8lo] cytoskeleton
A#A(clochicine) 2] AA o] 93] 2P E ¢ &
sigie}, BSP 3 BPBE AsAle] 948L A
¢A g Ao AE a2a £F v|ag
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222 ch V) 39¢=1
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canalicular® 202 £457] "o FFujidol
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