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Abstract 
In this work the in-situ perfused rat liver has been used to examine the effect of changing 
the protein content of the perfusate on the hepatic extraction of 0-acyl esters of salicylic 
acid. The hepatic availability (F) of these solutes was studied at a flow-rate of 30 mL min-’ 
with perfusate albumin concentrations of 0, 2, and 4% w/v. 

The hepatic availability of the esters was shown to decrease with increasing carbon-chain 
length in the 0-acyl group; for all the esters the hepatic availability increased with 
increasing albumin concentration in the perfusate. The dispersion-model-derived efficiency 
number (RN) of the esters was shown to increase with increasing lipophilicity and decrease 
with increasing albumin concentration in the perfusate. The unbound fraction (f,) of the 
esters decreased with lipophilicity. RN/fu for acetylsalicylic acid remained relatively 
constant as the albumin concentration was increased. However, RN/fu for n-pentanoyl- 
and n-hexanoylsalicylic acids increased significantly as albumin concentration increased 
from 0% to 4%. 

Thus, for the more lipophilic solutes (n-pentanoyl- and n-hexanoylsalicylic acids) the 
presence of albumin apparently facilitates the uptake of unbound solute relative to 
acetylsalicylic acid. 

It is generally accepted that only the unbound 
fraction of a solute is available for uptake into 
hepatocytes. However, for several highly protein- 
bound organic anions such as taurocholate (Forker 
& Luxon 198l), rose bengal (Forker & Luxon 
1983), dibromosulphophthalein (Sluijs et al 1987), 
fatty acids (Schwab & Goresky 1991) and oleate 
(Weisiger et a1 1987) the increase in the hepatic 
uptake of a solute with increasing protein con- 
centration exceeds expectations based on the 
unbound fraction. This observation implies that the 
binding protein in some way ‘facilitates’ solute 
uptake into the hepatocytes. 

Several approaches have been proposed to 
explain the ‘pseudo’ facilitation of solute uptake by 
albumin. An albumin receptor model was postu- 
lated by Weisiger & Ma (1981) to explain the 
dependence of the kinetics of oleate uptake by the 
perfused liver on the concentration of the albumin- 
oleate complex rather than on the concentration of 
free oleate. The observations of saturable binding 
of labelled albumin to isolated hepatocytes sup- 
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ported the suggestion of an albumin receptor. 
Attempts to isolate and characterize an albumin 
receptor, however, have been unsuccessful 
(Stremmel et al 1983). An alternative protein-dis- 
sociation-limited diffusion model for kinetics of 
albumin uptake by hepatocytes, that does not 
require the presence of an albumin receptor, has 
been discussed extensively (Weisiger et al 1984; 
Weisiger 1985; Sluijs et al 1987; Weisiger & Ma 
1987). This approach assumes that the uptake of 
free ligand by the cell is very fast such that the 
dissociation of ligand from the complex never 
reaches equilibrium and the amount of bound 
ligand becomes rate-limiting. However, this model 
explains neither the saturable binding of albumin to 
hepatocytes nor the cell-mediated acceleration of 
dissociation of albumin-palmitate complexes (Reed 
& Burrington 1989). The possible contribution of 
diffusion through the unstirred water layer to the 
albumin-mediated transport phenomenon was 
initially proposed by Bass & Pond (1987). This 
theory assumes the existence of an unstirred water 
layer adjacent to the surface of the hepatocyte. If 
the effect of the unstirred water layer was con- 
sidered, previous data that indicate albumin-medi- 
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ated transport could be explain mathematically. 
However, direct anatomical measurements of the 
size of the unstirred water layer in the intact sinu- 
soid have yet to be determined. Morgan et al(1990) 
suggested that the kinetic analysis used by others 
was inappropriate. They used a kinetic model 
which incorporated the unbound fraction of ligand 
into the general model for diffusion between two 
compartments and showed that the apparent rate- 
constant for unbound ligand concentration 
increased with albumin concentration, although the 
uptake clearance of unbound ligand remained 
constant. 

The major aim of this study was to determine 
whether changes in hepatic elimination with chan- 
ging protein content are explained by a conven- 
tional approach or whether an albumin-mediated 
transport process ('pseudo' facilitation) is implied. 

We have recently synthesized and characterized a 
series of 0-acyl derivatives of salicylic acid for 
which protein binding increases with increasing 
carbon number in the ester side-chain (Hung et al 
1997). The hepatic disposition of these solutes in 
the perfused rat liver has also been reported for 
protein-free perfusate (Mellick et a1 1997). In this 
paper we describe the influence of changing per- 
fusate protein content on hepatic elimination of 
these 0-acyl salicylate derivatives: acetylsalicylic 
acid (aspirin), n-pentanoylsalicylic acid and n- 
hexanoylsalicylic acid (Figure 1). The hepatic 
availability (F) of these esters was determined in 
the single-pass in-situ perfused rat liver under 
conditions of 0, 2, and 4% bovine serum albumin 
(BSA) in the perfusate. The efficiency number (RN) 
which characterizes the elimination of these esters 
by the liver was then derived from the dispersion 
model analysis. Subsequently, RN/f, was plotted 
against albumin concentration to determine whe- 
ther the removal of these solutes by the liver, when 
corrected for the unbound fraction of solute, 
remained constant or increased as albumin con- 
centration was increased. 

COOH 

Figure 1. Structures of 0-acyl derivatives of salicylic acid. 
The derivatives differ only in the length of the side chain (i.e. 
the value of n). 

Materials and Methods 
Synthesis 
The esters were synthesized by a procedure out- 
lined elsewhere (Hung et a1 1997). Briefly, the 0- 
acyl derivatives of salicylic acid were prepared by 
esterification of the acid with the appropriate acyl 
anhydride. The products were recrystallized from 
mixtures of acetone and petroleum spirit or water 
and ethanol. Their structures were confirmed by 
infrared, nuclear magnetic resonance and mass 
spectroscopy, Differential scanning calorimetry 
was used to assess the purity of each compound 
( > 98% for all esters). 

Analytical 
High-performance liquid chromatography (HPLC) 
was performed with a double piston pump (Shi- 
madzu, model LC-6AD), an autoinjector (Shi- 
madzu, model SIL-6B), a variable-wavelength W- 
detector (Waters-Millipore, model Lambda-Max 
481), a system controller (Shimadzu, model SCL- 
6B), a Delta personal computer and a 250mm x 
4-6 mm i.d. x 5 ,um Brownlee C18 reversed-phase 
column (Applied Biosystems). 

The HPLC method used for the determination of 
the 0-acyl salicylic acid derivatives has been out- 
lined elsewhere (Hung et a1 1997). The mobile 
phase used for acetylsalicylic acid was 29 : 70 : 1 
acetonitrile-0.03% (v/v) phosphoric acid-triethyl- 
amine at PH 2.0; the flow-rate was 1 d m i n - ' .  
p-Toluic acid (0.004% w/v) was used as internal 
standard. For n-pentanoyl- and n-hexanoylsalicylic 
acids the mobile phase was 49 : 50 : 1 acetonitrile- 
0.03% (v/v) phosphoric acid-triethylamine at pH 
2.0; the flow-rate was 1 mLmin-'. For these 
solutes diflunisal in acetonitrile (0.004% w/v) was 
used as internal standard. The effluent was mon- 
itored at 237 nm and the sensitivity range was 0.04 
aufs. In these solvent systems salicylic acid could 
be also assayed, with good separation from the 
other solute peaks. 

The within day coefficients of variation for all the 
compounds were within the range of 2.52476% 
(n = 3). 

Protein binding 
These experiments were performed in Krebs- 
Henseleit buffer (pH 7.4) containing 2% or 4% w/v 
bovine serum albumin (BSA) and incubated at 
37°C in a water bath for 30min to reach the 
required temperature. A 500pM solution of each 
salicylate ester was prepared at each protein con- 
centration. 

The unbound fraction (f,) of parent drug and its 
hydrolysis product (salicylic acid) were investi- 
gated using an ultra-filtration method. A 1.0-mL 
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sample (in triplicate) was placed in a ultrafiltration 
tube (MPS- 1, micro-partition system, Amicon) and 
centrifuged at 3000g for 10min. The ultra-filtrate 
was then assayed for parent drug and its hydrolysis 
product by HPLC. To eliminate the possibility of 
error as a result of hydrolysis, an identical sample 
was placed in a conventional test tube and sub- 
jected to the same procedure. This control group 
(also in triplicate) was used to adjust for the per- 
centage of spontaneous hydrolysis of the ultra- 
filtrate under the experimental conditions (7.9, 
6.0, 10.6% at a BSA concentration of 2% and 10.6, 
8.8, 11.5% at a BSA concentration of 4% for 
acetylsalicylic acid, n-pentanoylsalicylic acid and 
n-hexanoylsalicylic acid, respectively). 

The f, was determined as the ratio of the free 
concentration to the total concentration of the 
solute. 

In-situ rat-liver pe@sion 
Mature female Sprague-Dawley rats, 200-250 g, 
were obtained from the University of Queensland 
Animal Breeding Facility. Before the experiment 
the animals were given access to a standard 
laboratory diet. Rats were anaesthetized by inter- 
peritoneal injection of pentobarbital sodium 
(60 mg kg-l, Boehringer Ingelheim). After lapar- 
otomy animals were heparinized (heparin sodium, 
David Bull Laboratories, Australia; 200 units) via 
the inferior vena cava. The bile duct was cannu- 
lated with PElO (Clay Adams, NJ). The portal vein 
was cannulated with a 16G intravenous catheter 
and the liver was perfused at 30mLmin-', via this 
cannula, with 0%, 2% or 4% BSA in Krebs-Hen- 
seleit bicarbonate buffer (pH 7-4) which was oxy- 
genated using a silastic tubing lung ventilated with 
carbogen (95% 02-5% C02). Non-re-circulating 
perfusion was achieved with a peristaltic pump 
(Cole-Palmer, IL). 

After perfusion the animals were killed by thor- 
acotomy and the thoracic inferior vena cava was 
cannulated with PE 240 (Clay Adams, NJ). The rats 
were placed in a temperature-controlled perfusion 
cabinet at 37°C during the experiment. Liver via- 
bility was assessed by oxygen consumption, bile 
flow, and macroscopic appearance. 

Bolus studies 
After a 1 0-min perfusion-stabilization period, a 
bolus injection (50 pL), containing a saturated 
solution of 0-acyl salicylate ester in Krebs-Hen- 
seleit buffer was injected into the liver and outlet 
perfusate was collected for 60s. Previous experi- 
ments had shown that after 60s at this flow-rate 
ester concentrations in the perfusate were negli- 
gible (Mellick et id unpublished). Nine livers were 

used in the study. In each liver a maximum of four 
injections was made with the order of injection 
randomized and no repeat of the same injection in 
the same rat. A stabilization period of 10min was 
afforded between the changing of perfusate and the 
next injection. Over the entire study, the hepatic 
availability (F) of acetylsalicylic, n-pentanoyl- 
salicylic or n-hexanoylsalicylic acid was deter- 
mined at perfusate concentrations of 0, 2 and 4% 
BSA (w/v) with each determination being per- 
formed in quadruplicate. The total perfusion time 
for each liver was less than 2 h. 

In perfused rat liver experiments with n-penta- 
noyl- and n-hexanoylsalicylic acids, outflow sam- 
ples were acidified to pH 2.0 by addition of 1~ 
HC1 to prevent ionization and extracted into 2.5 
vols ether. The extraction mixture was immediately 
cooled in the freezer to -2O"C, which resulted in 
the solidification of the aqueous phase. The ether 
fraction was then removed, reduced to dryness by 
evaporation in air and reconstituted in lOOpL 
mobile phase for HPLC analysis. A known con- 
centration of each ester in Krebs buffer was con- 
currently extracted and assayed with the perfusate 
samples to assess the extent of spontaneous 
hydrolysis; results from the perfusate samples were 
corrected for this. By use of this extraction tech- 
nique more than 90% of the original ester was 
recovered as parent ester or salicylic acid. 

Injuence on f u  value of trace protein produced 
from rat isolated liver: is fu of a solute in albumin- 
free pe@sate equal to I ? 
Albumin-free Krebs-Henseleit buffer (pH 7.4) was 
perfused at 30mLmin-' through a rat isolated 
liver. The outlet perfusate was collected for 60s 
after 10-min perfusion-stabilization. A 5 0 0 - p ~  
solution of each salicylate ester was then prepared 
in this outlet perfusate. The unbound fraction (f,) of 
parent drug and its hydrolysis product (salicylic 
acid) were investigated using the ultra-filtration 
method described above. 

Determination of hepatic availability, and disper- 
sion model analysis 
The hepatic availability (F) of the esters were 
determined from the equation: 

F = CoutVOut/Dose (1) 
where C,,, is the outflow ester cancentration in the 
volume (V,,,) of outflow sample. 

According to the dispersion model of hepatic 
elimination, the hepatic availability (F) of an 
extracted solute is given by the equation (Roberts et 
a1 1990): 

F = exp[( 1 - a)/2DN] 
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where a = d( 1 + 4RNDN) and DN is the dispersion 
number which describes the spread of solute-nor- 
malized variance for a non-extracted reference 
indicator in the liver after bolus input and is equal 
to half the normalized variance for a non-extracted 
reference indicator (CV2/2). RN is the efficiency 
number which characterizes the elimination of 
solute by the liver and is defined by the equation: 

(3) 

where f, is the unbound fraction of solute in the 
blood, P is the hepatocyte permeability to the 
solute, CLnt is the intrinsic clearance of the liver 
(defined as CLi, = i = lEnVm,iKm,i (Gillette 
1971)), and Q is the perfusate flow-rate. Equation 2 
was used to determine RN using F determined from 
the experimental results and a DN value of 0-3 
determined previously from the outflow curves 
(n = 16) of non-extracted extracellular reference 
solute [ 3 H ] ~ u c r ~ ~ e  in an identical preparation 
(Mellick et al unpublished). RN/f, was then plotted 
against albumin concentration to determine whe- 
ther the removal of these solutes by the liver, when 
corrected for the unbound fraction of solute, 
remained constant as albumin concentration was 
increased. 

Statistical analysis 
All data are presented as mean f s.d. (n = 4) unless 
otherwise indicated. Differences between groups of 
data were assessed by analysis of variance, with 
P<O-O5 being regarded as indicative of sig- 
nificance. 

Results 
Table 1 lists the unbound fraction (f,) of the aspirin 
analogues at various protein concentrations (0, 2 
and 4% BSA in Krebs buffer). The strength of 
protein binding increases in proportion to lipophi- 
licity (n-hexanoylsalicylic acid > n-pentanoylsa- 
licylic acid > acetylsalicylic acid). 

Table 2 lists the hepatic availability (F) data 
measured for each aspirin analogue at various 
protein concentrations in bolus studies. For all 
esters F was shown to decrease with increasing 
carbon chain length of the 0-acyl group and to 
increase with increasing BSA concentration in the 
perfusate. An order effect was shown by analysis of 
variance to be insignificant for the F values 
obtained from identical injections with different 
rats (data not shown). It is implied that no ‘order’ 
effect exists in the injection procedure. 

Table 3 lists values of the efficiency number 

determined by the dispersion model of hepatic 
elimination (equation 2) at various protein con- 
centrations. The RN of the esters increases with 
increasing lipophilicity but decreases with 
increasing albumin concentration in the perfusate. 
In this homologous series the highest RN was 
measured for n-hexanoylsalicylic acid at all protein 
concentrations. 

Figure 2 depicts the relationship between the 
concentration of albumin and RN/f, for each solute. 
The RN/f, of n-hexanoylsalicylic acid increases 
significantly as albumin concentration increases 
from 0 to 2% (P < 0.05), from 0 to 4% (P  < 0.001) 

(RN), a (=J( 1 + ~RNDN)), and RN/f, for the esters, 

Table 1. Unbound fraction (fd for the aspirin analogues at various protein concentrations. 

BSA (%) Unbound fraction (f,) 

Acetylsalicylic acid n-Pentanoylsalicylic acid n-Hexanoylsalicylic acid 

0 
2 
4 

1.01 f0.03 
0.70 f 0.06 
0.50 f 0.07 

0.98 f 0.03 
0.43 f 0.04 
0.28 f 0.02 

0.96 f 0.02 
0.23 f 0.05 
0.08 f 0.01 

Data are means f s.d., n = 4. 

Table 2. Hepatic availability (F) data for aspirin analogue bolus studies with different 
concentrations of protein. 

BSA (%) Hepatic availability (F) 

Acetylsalicylic acid n-Pentanoylsalicylic acid n-Hexanoylsalicylic acid 

0 
2 
4 

0.78 f 0.09 
0.94 f 0.06 
0.97 f 0.02 

0.26 f 0.04 
0.29 f 0.02 
0.39 f 0.03 

0.03 f 0.01 
0.13f0@4 
0.18 f 0.04 

Data are means f s.d., n = 4. 



0-ACYL DERIVATIVES OF SALICnATE 67 

Table 3. Efficiency number (RN), J( 1 + (4  x efficiency number x dispersion number]), and (effi- 
ciency number)/(unbound fraction*) for aspirin analogue bolus studies with different concentrations of 
protein. 

BSA (%) Acetylsalicylic acid n-Pentanoylsalicylic acid n-Hexanoylsalicylic acid 

Efficiency number 
0 0.27 f 0.13 
2 0.07 f 0.06 
4 0.03 f 0.02 

1.90 f 0.28 
1.69 f 0.12 
1.21 f 0 . 1 2  

,/( 1 + (4  x Efficiency number x dispersion number]) 
0 1.15 f0 .07  1.80 f 0.09 
2 1.04 f 0.04 1.73 f 0.04 
4 1.02f0.01 1.56 f 0.04 

(Efficiency number)/(unbound fraction) 
0 0.20 f 0.12 1.93 f 0.34 
2 0.15 f 0 . 1 0  3.98 f 0.65 
4 0.12 f 0.08 4.35 f 0.74 

7.28 f 1.08 
3.36 f 0.71 
2.63 f 0.46 

3.09 f 0.21 
2.22f0.19 
2.02 f 0.13 

7.5 1 f 1.20 
15.58 f 6.73 
33.66 f 10.09 

*Table 1. Data are means f s.d., n=4.  

and from 2 to 4% (P(O.02). The RN/f, of n-pen- 
tanoylsalicylic acid increases significantly as albu- 
min concentration increases from 0 to 2% 
(P<O.OOl) and from 0 to 4% (P<O-OOl) but not 
significantly as it increases from 2 to 4%. In con- 
trast, the RN/f, of acetylsalicylic acid remained 
relatively constant as albumin concentration was 
increased. Figure 2 also shows that the predicted 
RN/f, values for all esters in this study remained 
constant as albumin concentration was increased 
and only for acetylsalicylic acid did the experi- 
mentally observed data match predicted values. 

Discussion 
It is generally believed that mechanisms of hepatic 
uptake of solutes are driven completely by the 
fraction that is not bound to carrier proteins such as 
albumin (Gillette & Pang 1977). However, some 
evidence suggests that the binding protein albumin 
plays a more complex role in the hepatic uptake of 
some organic anions. Highly albumin-bound sub- 
stances, including long-chain free fatty acids 
(Weisiger et al 1981; Barnhart et al 1983), bilirubin 
(Scharschmidt et a1 1975; Inoue et a1 1985), bile 
acids (Forker & Luxon 1981) and dyes such as 
bromosulphophthalein (Goresky 1964) and rose 
bengal (Forker et a1 1982; Forker & Luxon 1983; 
Tsao et a1 1988) are removed by the liver from the 
circulation with outstanding efficiency, despite 
their strong binding to albumin. For these solutes, 
increases in albumin concentration seem to 
enhance hepatic extraction, a phenomenon denoted 
albumin-mediated transport. We have examined 
whether this phenomenon exists for a homologous 
series of salicylate esters in the perfused rat liver. 

Table 1 shows that increasing the albumin con- 
centration from 0 to 4% resulted in 50,72 and 92% 
reduction in free acetyl-, n-pentanoyl- and n-hex- 
anoylsalicylic acid, respectively. In comparison, 
hepatic extraction (1 - F) (Table 2) decreased by 
86, 18 and 16%, respectively, for the same esters. 
Similar results were obtained for n-pentanoyl- and 
n-hexanoylsalicylic acids in studies by Forker & 
Luxon (1981) who showed that a 10-fold increase 
in albumin results in a 5-fold reduction in free 
taurocholate concentration, but only a 50% reduc- 
tion in uptake. 

Figure 2 shows that RN/f, for acetylsalicylic acid 
remained relatively constant as albumin con- 
centration was increased. For this solute, hepatic 
elimination can be explained by a conventional 
approach. However, RN/f, for n-pentanoylsalicylic 
acid increased significantly as albumin concentra- 
tion increased from 0 to 2% and 4% but not sig- 
nificantly from 2% to 4%. In contrast, RN/f, for n- 
hexanoylsalicylic acid was shown to increase sig- 
nificantly as albumin concentration increased from 
0 to 2%, 0 to 4% and 2 to 4%. According to the 
dispersion model of hepatic elimination, P and 
CLht are independent of albumin concentration. 
Thus, we can predict RN/fu values for the esters at 2 
and 4% albumin concentrations on the basis of 
PCLJ(P + CLi,,) values obtained for each solute 
using from 0% BSA (equations 2 and 3). The 
predicted RN/fu values for all three esters remained 
constant as albumin concentration was increased 
and only for acetylsalicylic acid did the experi- 
mentally observed data match the predicted values. 
Therefore, the conventional approach cannot be 
used to explain the results for n-pentanoyl- and n- 
hexanoylsalicylic acids, implying that the presence 
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Figure 2. The relationship between the concentration of 
albumin and RN/f,, (RN corrected for the unbound fraction of 
solute). A. Acetylsalicylic acid; B. n-pentanoylsalicylic acid; 
C. n-hexanoylsalicylic acid. 0, Experimentally observed data; 
...... , RN/fu values predicted for the esters at albumin concen- 
trations of 2 and 4% on the basis of PCLi,J(P + CLi,) values 
obtained from equations 2 and 3 for each solute for 0% BSA. 

of albumin facilitates the uptake of the unbound 
esters. 

The unbound fraction of solute (f,) in Krebs 
buffer containing no BSA is generally regarded as 
1. However, the isolated liver still produces trace 
amounts of protein during perfusion (Gores et a1 
1986). If f, for 0% BSA is < 1, then the removal 
efficiency (RN) calculated for 0% BSA (equation 3) 
will be an underestimate. This could explain the 
increase in RN/f, observed for n-pentanoyl- and n- 
hexanoylsalicylic acids as albumin concentration is 

increased. Hence, we investigated the influence of 
this trace amount of protein on f,. The results of 
this protein binding study of albumin-free perfusate 
collected after passage through the liver revealed 
that the influence of the trace amount of protein 
produced from the isolated liver is negligible 
(f, = 0.99 f 0-04, 0.99 f 0.03 and 0-97 f 0.01 for 
acetyl, n-pentanoyl- and n-hexanoylsalicylic acids, 
respectively). Thus, there is a real increase of RN/fu 
for n-pentanoyl- and n-hexanoylsalicylic acids 
when albumin concentration is increased from 0 to 
2% or from 0 to 4%. 

The conventional pharmacokinetic view is that 
the uptake rate is proportional to the unbound 
concentration of the drug in the perfusate (Gillette 
& Pang 1977). Therefore, equation 3 is valid and 
RN is proportional to f, at different albumin con- 
centrations such that: 

RN(Y %) /RN(x%) = fu(y %) /f,(x%) (4) 

where X% and Y% represent the albumin content 
of the perfusate. However, our work showed that 
this equation is not always valid. Thus, the con- 
ventional parameters (f,, P, CLint, and Q) are 
insufficient to explain some of our experimental 
results, implying that a ‘facilitative transport’ 
mechanism is involved in the process of hepatic 
elimination of n-pentanoyl- and n-hexanoyl- 
salicylic acids. We can define a symbol ‘4’ to 
represent the sum of the extra factors required such 
that equation 4 becomes: 

where $X+Y can be thought of as a ‘pseudo 
facilitation factor’. The values of 4x+y for n- 
pentanoyl- and n-hexanoylsalicylic acids are 
greater than unity and increase with increasing 
protein content of the perfusate (for n-penta- 
noylsalicylic acid 4x+y = 2.08 f 0.29 when pro- 
tein content increases from 0% to 2% and 
2.26f0-20 when it increases from 0% to 4%; for 
n-hexanoylsalicylic acid the respective values are 

At present the basis of protein facilitation 
remains controversial. The unstirred diffusion-layer 
theory (Bass & Pond 1987) likely to be valid in 
hepatocyte suspensions (Pond et al 1992) might not 
necessarily be as evident for perfused liver pre- 
parations, for which the unstirred layer would be 
much thinner. The recent work of Chou et a1 (1995) 
suggests that in the perfused liver such a layer 
might explain the plateau in the relationship 
between solute permeability and lipophilicity for 
highly lipophilic solutes. Morgan et a1 (1990) have 
argued that albumin facilitation might be an arte- 

1 a98 f 0.29 and 4.40 f 0.39). 
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fact arising from the equilibrium kinetics between 
the perfusate and hepatocyte. 

Conclusions 
Use of the in-situ perfused rat liver to examine the 
effect of changing perfusate protein content on 
hepatic extraction for 0-acyl esters of salicylic acid 
has shown that for the three esters investigated F 
values decrease with increasing 0-acyl carbon 
chain length and increase with increasing albumin 
concentration in the perfusate. The dispersion- 
model-derived efficiency number (RN) of the esters 
was shown to increase with increasing lipophilicity 
and decrease with increasing albumin concentration 
in the perfusate. The unbound fraction (f,) of the 
esters was shown to decrease with lipophilicity. 
RN/f, for acetylsalicylic acid remained relatively 
constant as albumin concentration was increased 
whereas that for n-pentanoyl- and n-hexanoyl- 
salicylic acids increased significantly as albumin 
concentration was increased from 0% to 4%. Thus, 
for these more lipophilic solutes the presence of 
albumin apparently facilitates the uptake of 
unbound solute relative to acetylsalicylic acid. 
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