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Kinetic Analysis of the Counter-transport Phenomenon in the
Hepatic Transport of Organic Anionic Drugs

Youn Bok Chung', Jung Ryul No and Kun Han
College of Pharmacy, Chungbuk National University Cheongju, Chungbuk 360-763, Korea
(Received November 23, 1992)

The counter-transport’ phenomena in the hepatic transport of 1-anilino-8-naphthalene sulfonate
(ANS) were kinetically investigated by analyzing the plasma disappearance-time profiles and the
transport into the isolated hepatocytes. In vivo “counter transport phenomena” were simulated
based on the perfusion model which incorporated the carrier-mediated transport and the saturable
intracellular binding. The condition that the mobility of carrier-ligand complex is greater than that
of free carrier is not essential for the occurrence of counter-transport phenomenon. To examine
the inhibitory effects on the initial uptake of a ligand by the liver, it is necessary to judge whether
the true counter-transport mechanism (trans-stimulation) is working or not. The initial plasma disap-
pearance curves of ANS were then Kinetically analyzed based on a two-compartment model, in
which the ligand is eliminated only from the peripheral compartment (liver compartment). No effects
on the initial plasma disappearance rates of ANS were observed after preloading of brdmophenol
blue (BPB) or rose bengal (RB) in the liver. Inhibitory effect of BPB or RB on the initial uptake
(or efflux) rates of ANS by the isolated hepatocytes were not observed, suggesting that.the true
counter transport mechanism is not working, In conclusion, checking the preloading effects of trans-
stimulation on the initial uptake of a ligand by the liver could be a useful criterion for carrier
cycling and common use of the same carrier between two ligands. However, one cannot exclude
those possibilities even if the preloading effects cannot be observed.

Keywords — Carrier-mediated transport, Counter-transport, Organic anions, 1-Anilino-8-naphthalene
sulfonate (ANS), Hepatic transport
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Scheme I—A model to explain the counter-transport
(facilitated diffusion). Assumptions; (1) ligand i and j
share the same carrier, (2) diffusion coefficients of car-
rier can be changed depending on whether it is bound
to ligands or not (usually, P;>P, is assumed), (3) assu-
ming facilitated diffusion, the affinities of ligands to the
carriers are the same both at outer and inner sides.
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Scheme I1—A perfusion model for the simulation of
counter-transport phenomenon in vive. Calculation pro-
cedure and assumptions; (1) equations representing the
flux of ligands i and j (J% J*) are obtained from a model
in Scheme I, (2) kinetic parameiers are determined so
that they can explain the in vivo plasma disappearance
curves of ligands (some parameters are still arbitrary),
(3) efflux of ligands depends on the unbound concentra-
tions in the liver cytosol.
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Figure 1—Stimulation of counter-transport phenomenon assuming i vitro isolated vesicle or cell studies. The uptake
of ligand i into the cell was simulated with increasing the ligand j concentration (C)) in the cell, based on the
model (Scheme 1). (A) P,=10-P;, (B) P,=P,, (C) P,=1/10-P,, where P, is the membrane transport constant for
ligand-carrier complex, P, is the membrane transport constant for free carrier.
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Figure 2—Effect of inhibitor on the transport process. (A) P,>P, (P;=10-Ps), (B) Pi=P.. (1) The parameters concer-
ning the hepatic uptake of drugs; Py=10, 100 (min~!), P,=10 (min™Y), X, =550 (nmol/Kg), Ki=K;=74 (uM). (2)
The parameters concerning the inhibition of intracellular binding; binding capacity (primary binding site is on ligandin)
=100 (uM), dissociation constant (Ks1)=1 (uM). (3) The parameters concerning the sequestration; K, =50 (uM),
Vi s =40 (UM), V, «=3000 (nmol/min/kg).

Key: Inhibitor: (---) 1000 umol/kg, (—) 100 pmol/kg, (—-—) 30 umol/kg, (—--—) 10 pmol/kg, (- - -) 3 umol/kg,
(— —) 1 umol/kg
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“Figure 3—Effect of preloading. of organic anions (BPB
or:RB) on ' the::plasma ‘disappearance curves of ‘ANS.
BPB:or RB (60 umol/kg) - was administered intravenously
to rats before: the administration of ANS (3 pmol/kg).
Each point represents the mean+ SE. of three rats. (A)
plasma concentration-time profiles of ANS.

Key: (O) ANS only, (@) preloading of BPB, (a) preloa-
ding of RB. (B) plasma concentration-time profiles of
BPB (®) and RB (a).
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a- =33

Table 1—Effect of Preloading of BPB or RB (60 ymol/kg)
on the Pharmacokinetic Parameters of ANS after Its LV.
Administration {3 umol/kg) to Rats

Parameters? Control +BPB +RB
(ANS only)
Vi (mi/kg) 343107 359+ 1.0 35.7£1.2
V. (mi/kg) 103+ 14 735+ 6.5* 108+ 18
Vi (mi/kg) 138+ 15 109+ 73 144+ 19
ki (min™Y)  0.176+ 0.006 0.097+ 0.006* 0.165+ 0.008
ko1 (min™1)  0.034+ 0.006 0.021+ 0.003 0.042+ 0.006
ky (min~1) 0.028+ 0.004 0.027+ 0.001 0.016+ 0.003*
CL.» 6.06£0.17 349+ 023* 5.88+0.19
(m//min/kg)
CLi 276020 20110192 1603 0.04*
(m!/min/kg)

“Mean SE. of three rats. *Significantly different from
the control value (p<0.05). **Significantly different from
the control value (p<0.001).
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Figure 4—Effect of infusion of organic anions (BSP or
RB) on the plasma disappearance curves of ANS. ANS
(3 pmol/Kg) was administered intravenously to rats after
infusion of organic anions. Each point represents the
meant SE. of three rats.

Key: (A) plasma concentration-time profiles of ANS. (O)
ANS only, (@) infusion of BPB, (a) infusion of RB. (B)
plasma concentration-time profiles of BPB (@) and RB

(a)

Table 11— £ffect of Infusion of BSP or RB (Css=1 mM)
on the Pharmacokinetic Parameters of ANS after Its 1V.
Administration (3 umol/kg) to rats.

Control
Parameters® +BPB +RB
(ANS only)

Vi (mi/kg) 410+ 1.2 394+ 2.1 75.7+ 6,1%*
Vo (mi/kg) 494+ 14 58.9+ 13.8 1394+ 21%+
Viss (mi/kg) 90.5% 2.5 98.4+ 159 215+ 26**
kyz {min~1) 013120010 0106 0.017 0.1852 0.006*
ko1 (min~?) 0.057+£0.004 0.054% 0.022 0.055+ 0.012
kg (min™%) 0.052+0.005  0.025=0.007**  0.047% 0.006
CLyy 5.38+ 0.56 4.13% 046 14.0% 0.8%*

(m{/min/kg)
CLyot 2571 0.29 1.37% 0.02* 6.61+ 1.16%*

(ml/min/kg)

“Mean S.E. of three rats. *Significantly different from
the control value (p<0.05). **Significantly different from
the control value (p<0.001).
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Figure 5— Counter-transport study using a small aliquot
of buffer (O), 50 uM BPB (@), or 50 yM RB (A) added
to the cell suspensions (3 mg cellular protein/m/) after
incubation with 10 uM ANS for 5 min. Each point repre-
sents the mean of two different preparations.
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Figure 6—Uptake of ANS after incubation with BPB or
RB for 10 min. After the cell suspensions (8 mg cellular
protein/m/) were preincubated at 37C for 5min, small
aliquot of buffer (O), BPB (@) or RB (a) at a final con-
centration of 50 M were added. After this incubation
at 37C for 10 min, cells were washed in 1% BSA and
washed twice in buffer at 0C. 1 m/ of cell suspensions
were added to 3ml of the prewarmed uptake medium
containing ANS at a final concentration of 10 yM. 0.5 m/
samples were then withdrawn and immediatly centrifu-
ged at times indicated: Each point represents the
mean+ SE. of three different preparations.
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Figure 7—Efflux of ANS in the presence of BPB or
RB. After the cell suspensions (8 mg cellular protein/m/)
were preincubated at 37C for 5min, small aliquot of
ANS at a final concentration of 20 yM were added. After
this incubation at 37C for 5min, cells were washed
in 1% BSA and washed twice in buffer at 0C. 1m/
of cell suspensions were added to 3m!/ of the prewar-
med uptake medium containig buffer (O), BPB (@), or
RB (a) at a final concentration of 50 pM. 0.5 m/ samples
were then withdrawn and immediately centrifuged at
times indicated. Each point represents the meant SE.
of three different preparations.
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