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Albumin-Mediated Hepatic Uptake of Drugs
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College of Pharmacy, Seoul National University, Seoul 151-742, Korea
(Received November 15, 1990)

A central dogma of pharmacology is that only unbound drug is capable of translocation across

biotogical membrane. Thus, hepatic uptake is assumed o be solely determined by the unbound concen-

iration of the diffusible moiety at the surface of the liver cell. However, an increasing number of experi-

mental observations with xenobiotics that are normally very extensively bound to plasma proteins

(>99%) appear to be inconsistent with these assumptions. This suggested that in addition to progressive

spontancous dissociation within the liver sinusoids and space of Disse,direct interactions of the albu-

min-drug complex at the plasma membrane may facilitate dissociation of the complex. To explain this

phenomena, called albumin-mediated uptake, 4 mechanisms have been suggested. The validity of such
hypotheses needs to be examined by the further study. Because albumin-mediated uptake has also been
observed to occur in other plasma proteins, protein-mediated uptake rather than albumin-mediated up-

take seems to be acceptable.
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Figure 1-—Representative taurocholate disappearance
curves obtained when perfusate albumin concentration
was 0.5 g/d/ (O) and 5.0 g/d/ (@). The broken line
represents the predicted result for an albumin concentra-
tion of 5.0 g/d/ based on the assumption that uptake is
determined by the perfusate concentration of free bile
salt.
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Figure 2— Oleate uptake by representative isolated .perfused rat livers. Livers were perfused (single pass) with a sequ-
ence of solutions containing the indicated concentrations of [!4Cloleate and bovine serum albumin. Steady-state oleate
uptake was calculated by analysis of effluent samples. (a) Effect of varying oleate concentration on (—) uptake and
(---) unbound oleate concentration, with albumin fixed at 0.15 mM. (b) Effect of varying the concentration of both ole-
ate and albumin at a 1:1 molar ratio on (—) oleate uptake and (---) unbound oleate concentration.
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Figure 3—Initial uptake velocity of iopanoic acid (I

in presence of albumin. Uptake was comprised of 2 com
ponents: diffusion (Uy and albumin-mediated (U,).
Calculated U, (shaded area) is based on rate of uptake in
absence of albumin and unbound concentration of IOP in
incubation medium. Uygp = Ug+ Uyg,.
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Scheme 1— The model of hepatic elimination in multiple
indicator dilution method.
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Table 1. Binding of 1251-Jabeled Albumin to Sinusoidal-
enriched Rat Liver Plasma Membranes and
Erythrocyte Ghosts

Incubation mixture Room Ultraviolet

illumination  light

Native liver plasma membrane
Native 125]-labeled albumin  2.3(0.09) 2.0(0.10)
+ Excess unlabeled albumin 2.5(0.12) 2.7(0.15)
Defatted 125[-labeled albumin 3.1(0.08) 2.5(0.11)
+ Excess unlabeled defatted
albumin 3.1(0.11) 3.1(0.12)
Heat-denatured liver plasma membrane
Native 125]-labeled albumin  2.6(0.09)
I1I. Erythrocyte ghosts

Native 125]-labeled albumin  2.1(0.13) —

Values are percent of incubated label recovered in the in-
itial and (in parenthesis) twice-washed membrane pellets.
Each value is the mean of at least two replicates. Unlabel-
ed native or defatted albumin were present at 8000-fold
excess (40 nmol).
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Figure 4—(Top) The net diffusional flux of taurocholate
across an unstirred layer of interstatial fluid could be ac-
celerated by protein binding if the diffusion coefficient of
monomers (L) were less than three times the diffusion co-
efficient of albumin (ALB) with its three binding sites oc-
cupied. (Bottom) Contact of an albumin-ligand complex
with the cell surface could produce a conformational
change in the protein favoring local dissociation of the
complex and subsequent presentation of free ligand to the
transport site.
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Figure 5— Comparison of the binding behavior of albumin and dextran to isolated rat hepatocytes binding was measured
at 37 °C by the centrifugation method. R of the radioactivity in the supernatant fluid after centrifugation to that in the mix-
ture of hepatocytes and albumin or dextran containing 1251-BSA or 4C-dextran, respectively, was plotted against total BSA
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Figure 6 — Electron spin resonance spectra of spin-labeled
bovine serum albumin in hepatocyte suspension. Arrows
1 and 3 indicate peaks for a freely rotating spin. Each
spectrum run twice for same sample is shown. Magnetic
field increases from left to right. A: without hepatocytes.
B: with hepatocytes. C: in supernatant after centrifuga-
tion of hepatocyte suspension,
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Figure 7— Schematic representation of albumin-mediated
hepatic transport through conformational change in al-
bumin molecule. Albumin molecule (Alb) can take two
conformational forms; one is normal conformational
form and the other is a new form imposed by a conforma-
tional change on contact with the membrane. Ligand (L)
can be transported in two ways. One way is unbound
form (=»). The other way is bound form (—).
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Figure 8 —Schematic representation of supposed me-
chanisms for organic anion transport at sinusodal level.
Net transport across the membrane is mediated by an
undefined translocator (carrier of ion-selective channel
protein) transporting the unbound substrate. Spon-
taneous dissociation by progressive removal of the un-
bound fraction may occur, in which dissociation from
albumin may constitute the rate limiting step. Within the
cell the substrate is associated with cytosolic-binding pro-
teins such as ligandin (glutathione transferase B) and Z
protein (fatty acid-binding protein).
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Table I1—Change in the initial velocity (V,) of RB uptake into the isolated liver cells with varied protein concentra-
tions compared with the velocity predicted based on the unbound fraction of RB

Protein Unbound

Fraction

v o(obs)

A C
Concentration V o(obs)? Vocean? CLi"rﬂlake

(P)

(fu)

A%

ofcal)

uM

No protein

HSA

0.5

1.5

5.0

21.0

Y-Globulin

6.2

18.6

62.0

186.0

1.0

0.663
0.320
0.095
0.022

0.815
0.570
0.257
0.096

pmol/min/mg

of protein
131222 (11)

120 +30(4)
100 £22(5)
73 +£21(5)
54 +10(5)

121 £20(5)
117 £20(5)
109 +£20(5)

86 +16(7)

pmol/min/mg

of protein

128.0

102.0
61.9
224

5.6

115.0
92.5
52.3
22.5

1.02

1.18
1.62
3.24
9.63

1.05
1.26
2.08
3.82

u//min/mg of
protein
11.4+1.9

15.7+3.9

27.2+6.0

66.5+19.1
213.0+39

129421
17.8+3.0
36.9+6.8
78.1£14.5

?Observed V, was determined at a RB concentration (C;) of 11.5 M in the medium. Mean + SE. Numbers in parentheses
represent the number of expeiments.
bCalculated V, was obtained by the following equation based on the assumption that the uptake of RB is driven eclusively
by the unbound RB: V= [(Vpax fu-Cp) / (K, + fu-C))j + Dypp.fu-C,, where Cis 11.5 uM and the parameters for the up-
take of unbound RB were determined separetely (see text for details; K,;,=10.1 uM, V., =216 pmol/min/mg of protein,
and D,pp=1.15 u/min/mg of protein).
¢Apparent intrinsic clearance of the unbound RB was calculated by the equation: CLYPtake = V o(obsy’ C/ fu.
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Figure 9—Effect of albumin and gamma globulin on
hepatic transport of rose bengal. Apparent intrinsic clear-
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