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Abstract-The binding of oxazepam and its glucuronide conjugates to human serum albumin (HSA), 
as well as the binding interactions of the drug and its metabohtes, were examined by equilibrium dialysis 
and kinetic probe studies. Oxazepam and its S(+) gIu~uronide are bound to the HSA molecule with 
affinity constants of 3.5 x lo5 M-’ and 5.5 x 104 M-l, respectively, which were independent of protein 
concentration over a range of 0.1 to 5.0 g/dl. The Rf-) glucuronide bound weakly to albumin, with the 
binding parameter, N.K, increasing at lower albumin concentrations. Pre-acetylation of fatty acid free- 
HSA resulted in decreased binding of all three compounds, probably by altering the conformation of 
the binding sites. Kinetic probe studies with p-nitrophenyl acetate indicate that oxazepam and its S(+) 
glucuronide shared a common binding site on HSA, but that the R(-) glucuronide bound at another 
site. Oxazepam binding was unaffected by the presence of its glucuronide conjugates but was inhibited 
by fatty acids. The percentage of oxazepam bound to plasma proteins in patients with renal impairment 
(94%) was lower than in normal volunteers (97%). This Iower binding can neither be attributed to lower 
albumin concentrations because of the Large binding capacity of the protein and linearity of N.I( nor to 
displacement by elevated concentrations of glucuronide conjugates, but it may be ascribed partly to 
increased plasma fatty acids. 

Alterations in the protein binding of drugs caused 
by endogenous substances, other drugs, or metab- 
olites of the drug can have important clinical and 
pharmacokinetic implications. The effects of 
endogenous substances such as fatty acids and bili- 
rubin on drug plasma protein binding have been 
studied extensively, while less attention has been 
paid to displacement effects by drug metabolites. It 
has been shown that oxazepam and desmethyl- 
diazepam can compete with and displace the parent 
compound, diazepam, from its binding site on human 
albumin [l). High concentrations of the mono- 
dealkylated metabolite of disopyramide significantly 
lower the binding of the parent drug [2]. Acetyl- 
sulfapyridine, a metabolite of suifapyridine, binds 
to plasma proteins more avidly than the parent com- 
pound [3]. 

Oxazepam binds with high affinity to a single bind- 
ing site on the human serum albumin molecule 
known as the indole and benzodiazepine binding site 
[4-&J or binding site II [6,7f. Most benzodiazepines, 
tryptophan, and many other compounds are also 
bound at this site [4-71. 

Oxazepam is metabolized almost exclusively by 
glucuronide conjugation [S], producing concen- 
trations of the metabolite in plasma similar to those 
of oxazepam [9]. Preliminary experiments have 
shown that both the dextrorotatory, S( +), and levo- 
rotatory R(-), isomers of oxazepam glucuronide 
[lo] are bound to human serum albumin. Thus, the 
potentiai for a plasma protein binding interaction 
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between oxazepam and its conjugates exists. It has 
been suggested that the decreased oxazepam binding 
seen in patients with renal dysfunction [ll-131 may 
be due to competition by elevated plasma con- 
centrations of the glucuronide [12]. The purpose of 
the present investigation was to characterize the 
binding of oxazepam and its S(+) and R( -) glu- 
curonides to human albumin and to examine any 
potential binding interaction between the three 
compounds. 

i@ATERIALS AND~ETHODS 

Albumin. Human serum albumin (HSA) and 
essentially fatty acid free human serum albumin 
(FAF-HSA) were obtained from the Sigma Chemical 
Co. (St. Louis, MO). Pre-acetylation of FAF-HSA 
was accomplished by reacting equimolar concen- 
trations ofp-nitrophenyl acetate (NphOAc) (Aldrich 
Chemical Co. Inc., Milwaukee, WS) with FAF-I-ISA 
dissolved in 0.02 M triethanoIamine/HCI (Sigma) 
buffer of pH 8 [14,15]. Acetylated human serum 
albumin (AC-HSA) was separated from the p-nitro- 
phenylate ion by gel filtration on a column of Sepha- 
dex G-25 equilibrated with 0.067 M NazHPO, buffer, 
pH 7.4. The AC-HSA was further purified by dialysis 
against phosphate buffer at 2” for 16 hr. Various 
concentrations of FAF-HSA and AC-HSA were 
made by diluting the protein solution with appro- 
priate volumes of phosphate buffer, pH 7.4 

Human plasma was prepared from blood collected 
in heparinized vacutainers (Becton-Dickinson, 
Rutherford, NJ) from normal volunteers. Each 
plasma sample was screened for the presence of 
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benzodiazepines or other interferences by gas-liquid 
chromatography 19). Plasma was also obtained from 
a clinical study of normal volunteers and patients 
with renal dysfunction at 4 hr after the administration 
of 30 mg of oxazepam (Serax. Wyeth, 15mg tablets). 

Protein binding studies. Protein binding meas- 
urements were done bv equilibrium dialysis [16] 
using the Dianorm Equilibrium Dialyzer (1 ml cells. 
Markson Science Inc. 1 Delmar. CA) and Spectrapor 
II (Spectrum Medical Industries. New York. NY) 
membrane with a molecular weight cutoff of 12,OOO- 
14,000. Albumin solutions (1 ml), with drug added, 
were dialyzed against 0.067 M sodium phosphate 
buffer (1 ml). pH 7.4. for 4 hr at 37”. Preliminary 
experiments ascertained that 4 hr was sufficient for 
equilibration of the unbound oxazepam and 
glucuronides. 

Due to the limited water solubility of oxazepam, 
the protein binding of oxazepam and its S(+) and 
R(-) glucuronides (provided by Cesario Tio of 
Wyeth Laboratories) to FAF-HSA and Ac-HSA was 
characterized at various protein concentrations while 
maintaining drug and metabolite concentrations 
constant. 

Oxazepam binding was also measured in normal 
volunteers and in patients with renal dysfunction in 
samples obtained at 4 hr after the oral administration 
of 30 mg of oxazepam. Studies examining binding 
interactions between oxazepam and its metabolites 
were done in pooled human plasma. The binding of 
each compound was examined separately. as well as 
in the presence of one or both of the other 
compounds. To assess the effects of fatty acids. bind- 
ing was examined in FAF-HSA, HSA and human 
plasma. The fatty acid content of these albumin 
solutions was determined by the method of Dun- 
combe [ 171. 

Drug and ~erabofj~e ineas~~e~en~s. Oxazepam 
concentrations were determined by a modi~cation of 
the gas-liquid chromatographic method of Knowles 
and Ruelius [9]. Concentrations of the S(+) and 
R(-) glucuronides were determined by high per- 
formance liquid chromatography. After the addition 
of an internal standard, lorazepam R( +) glucuronide 
(provided by Cesario Tio of Wyeth), samples were 
extracted with the aid of Sep-Pak Cl8 cartridges 
(Waters Associates. Inc., Milford, MA) pretreated 
with 20 ml methanol and 20ml water. The glu- 
curonides were eluted from the Sep-Pak with 5 ml 
methanol (HPLC grade. Fisher Scientific Co., Fair- 
lawn. NJ) after two 5-ml water rinses. The methanol 
was evaporated at 45” under a stream of nitrogen, 
and the samples were reconstituted with 0.2 ml of 
distilled water. Samples were then washed three 
times with 1 ml of diethyl ether (AR grade, Mal- 
linckrodt. Paris, KY), warmed to 45” for 5 min and 
filtered through 0.45 &frn Swinnex-HA filters (Mil- 
lipore Corp., Bedford, MA) by centrifugation for 
2 min at 75Og. The extracts were analyzed with the 
Analyst series 7800 liquid chromatograph (Labora- 
tory Data Control, Riviera Beach, FL) equipped 
with a Rheodyne model 7120 injector. The glu- 
curonides were resolved on a 30 cm x 4.6 mm i.d. 
Chromegabond C18, 10 pm particle size column 
(E.S. Industries. Marlton, NJ) with a 3cm MPLC 
guard column ~Brownlee Labs, Santa Clara. CA) 

using 17% acetonitrile in 0.1 M ammonium acetate 
adjusted to pH 5.0 with acetic acid as a mobile phase 
at a flow rate of 2.2 ml/min. A detection wavelength 
of 254 nm was used. 

Probe studies with NphOAc. The rapid reaction of 
HSA with NphOAc was used to monitor the binding 
of oxazepam and its glucuronides to a specific binding 
site on the HSA molecule 114, 151. Naproxen, which 
has been shown to bind to this specific site 1151. 
was used as a control. The drugs were dissolved in 
6.5 x lo-‘M FAF-HSA in 0.02 M triethanolamine/ 
HCI buffer. @-I 8. to yield ligand to albumin molar 
ratios ranging from 0.25 to 10. Ten microliters of 
0.61.10- M NphOAc was rapidly added to 2 ml of 
drug-albumin solution that had been preincubated 
at 25” for 1 min in a double beam spectrophotometer 
(Beckman Instruments, Fullerton, CA). The rate of 
the reaction between FAF-HSA and NphOAc was 
monitored by the formation of ~-nitrophenylate ion 
recorded at 400 nm as percent transmission versus 
time with triethanolamine/H~l buffer used as the 
reference solution. 

Data analysis. Two methods were employed to 
generate the protein binding parameters for the bind- 
ing of the three compounds to FAF-HSA and Ac- 
HSA. The fraction of bound drug (FA) can be 
described as a function of protein concentration (P) 
and free drug concentration (D,) by the relationship: 

F,= DI I (I) 
- - 

1 ‘&+.k_. p 
where N is the number of binding sites and K is the 
association constant. 

Least-squares estimates [18] of N and K were 
obtained by using equation 1 with protein and free 
drug concentrations serving as the independent vari- 
ables (Method I}. At low drug concentrations (i.e. 
K-i >> DF), the middle term in the denominator of 
equation 1 becomes negligible and the equation can 
be simplified to: 

FH 
i-F,=N.K.P 

where the left-hand side of equation 2 is the ratio of 
bound to free drug (B/F). The slope of a plot of the 
binding ratio versus protein concentration will be 
equal to N.f( providing this parameter is independent 
of the protein concentration (Method II). 

When a drug is displaced from its binding site by 
a competing ligancl that interacts at the same binding 
site, the fractional binding of the drug can be 
described by the relationship 

FE = 
1 

DF 1 K,+CF (3) 

yqTj+~“?+K.P 

where Cy is the concentration of the competitor and 
K, is its binding association constant. Equations 1 
and 3 were used to predict the effects of competition 
between the three compounds. Association constants 
(K and Kc) used were those found for the binding of 
oxazepam and the S( +) and R( -) glucuronides to 
FAF-HSA. 

The results of the NphOAc probe study were 
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examined by plotting the ratio of first-order rate 
constants for the reaction between NphOAc and 
FAF-HSA in the presence and absence of ligand 
(k/k,) versus the molar ratio of ligand and HSA 
concentrations [1.5]. Oxazepam and its glucuronides 
were examined in relation to naproxen which has 
been shown to bind primarily at the NphOAc reac- 
tion site [15]. 

RESULTS 

Binding studies. The percentage binding of 
oxazepam is presented as a function of HSA con- 
centration in Fig. 1A. The extent of oxazepam bind- 
ing varied moderately (95 to 99.5%) over a lo-fold 
range of HSA concentrations (0.38 to 3.96g/dl). 
However, at lower HSA concentrations (< 0.1 g/dl) 
the binding of oxazepam decreased sharply with 
protein concentration. This pattern was seen with 
both albumin solutions; however, oxazepam binding 
to FAF-HSA was slightly greater than its binding to 
AC-HSA. Nonlinear least-squares regression (Eq. 1) 
of the data resulted in good fittings only after the 
omission of data obtained at albumin concentrations 
of 0.1 g/d1 or lower. The estimates of the protein 
binding parameters obtained for both albumins are 
presented in Table 1. The fractional binding of 
oxazepam at albumin concentrations less than 0.1 
g/d1 was lower than expected, suggesting a cor- 
responding decrease in N. K. 

Figure 1B shows the relationship between the 
oxazepam binding ratio (B/F) and albumin con- 
centration. Linear binding was found at albumin 
concentrations greater than 0.1 g/d1 for FAF-HSA 
(r = 0.884) and AC-HSA (r = 0.988). This also sug- 
gests that N.K was constant at albumin con- 
centrations greater than 0.1 g/d1 but changed at 
lower concentrations. The estimates of the protein 

t 

binding parameters obtained by Method I agree with 
those obtained by Method II (Table 1). FAF-HSA 
exhibited a slightly higher affinity for oxazepam than 
did AC-HSA. 

The binding profile for the S(+) glucuronide of 
oxazepam in relation to albumin concentration is 
presented in Fig. 2A. The fractional binding of the 
S(+) glucuronide was highly dependent on albumin 
concentration, and protein binding to AC-HSA was 
markedly lower (lO-25%) than binding to FAF- 
HSA. The best nonlinear least-squares regression 
fittings (Eq. 1) were obtained after omission of bind- 
in data obtained at albumin concentrations of 0.1 
g B dl and lower. The binding parameters generated 
are presented in Table 1. As with oxazepam (Fig. 
lA), lower than expected binding was seen at lower 
albumin concentrations. 

The relationship between the S(+) glucuronide 
binding ratio and albumin concentration (> 0.1 
g/dl) was linear for binding to both FAF-HSA 
(r = 0.985) and AC-HSA (0.993) as shown in Fig. 
2B. The N. K parameter was constant at albumin 
concentrations greater than 0.1 g/dl. As shown in 
Table 1, there is good agreement between the bind- 
ing parameters generated by Methods I and II. FAF- 
HSA bound the S(+) glucuronide with an affinity 
constant approximately three times greater than that 
of AC-HSA. 

Figure 3A illustrates the relationship between the 
percentage binding of the R(-) glucuronide of 
oxazepam and albumin concentration. This glu- 
curonide was bound to a lesser extent than were 
oxazepam and its S(+) glucuronide. The fractional 
binding decreased sharply with albumin concen- 
tration except at lower concentrations where the 
binding decreased only slightly. The relationship 
between the binding ratio and albumin concentration 
(Fig. 3B) for the R(-) glucuronide was not linear; 

ALBUMIN CONCENTRATION, a/d1 

Fig. 1. Oxazepam binding. (A) Percent bound as a function of FAF-HSA (0) and AC-HSA (0) 
concentrations, The lines represent the nonlinear least-squares regression fittings for oxazepam binding 
to FAF-HSA (-) and AC-HSA (---) using Equation 1. (B) Relationship between the binding ratio 
(bound/free) of oxazepam and albumin concentration. Regression lines (Equation 2) for the data 

obtained with FAF-HSA (r = 0.884) and AC-HSA (r = 0.988) are shown. 
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Table 1. Protein binding parameters for oxazepam and its S(+) glu- 
curonide obtained by two data fitting methods* 

Compound and protein 

Oxazepam 
FAF-HSA 
AC-HSA 

S(+) Glucuronide 
FAF-HSA 
AC-HSA 

Method II 

N. K (M-‘) 

3.46 x lo5 
2.47 x lo5 

4.93 x lo4 
1.90 x lo4 

Method I 

N K (M-l) 

0.99 3.19 x 105 
1.00 2.50 x 105 

0.99 5.87 x lo4 
1.00 1.96 x lo4 

* Method I used Equation 1. Method II used Equation 2. 

/ 
8’ 

l / 

(A) 

ALBUMIN CONCENIRATIOM g/d1 

Fig. 2. S(+) Oxazepam glucuronide binding. (A) Percent bound as a function of FAF-HSA and Ac- 
HSA concentrations. (B) Relationship between the binding ratio for the S( +) glucuronide and albumin 
concentration (r = 0.985 for FAF-HSA and r = 0.993 for AC-HSA). Symbols and lines are defined as 

in the legend to Fig 1. 
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ALBUMIN CONCENTRATION, g/d1 

Fig. 3. R(-) Oxazepam glucuronide binding. (A) Percent bound as a function of FAF-HSA and Ac- 
HSA concentrations. (B) Relationship between the binding ratio for the R( -) glucuronide and albumin 

concentration. Symbols are defined as in the legend to Fig. 1. 
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therefore N. K could not be generated by Method 
II. Efforts to generate binding parameters by Method 
I also failed. 

Plasma binding. The values for protein binding of 
the three compounds in FAF-HSA (3.0g/dl) and 
human plasma (total protein = 5.4 g/dl, albumin = 
3.0g/dl) were compared. Oxazepam was 99.2% 
bound to FAF-HSA and 96.6% bound to human 
plasma. The R(-) glucuronide was bound to the 
same extent (55%) in both protein solutions. The 
binding of the S(+) glucuronide was also examined 
in non-defatted HSA (3.0 g/dl). Binding was 95.3% 
to FAF-HSA, 87.3% to human plasma, and 56.2% 
to non-defatted HSA. Fatty acid concentrations were 
14OCL1500 PM in non-defatted HSA, 200-300 PM in 
human plasma, and negligible in FAF-HSA. 

Plasma was obtained 4 hr after the administration 
of 30 mg of oxazepam from eight normal volunteers 
and six patients with renal impairment. Oxazepam 
concentrations in normal volunteers averaged 
534 k 232 ng/ml and binding was 97.3 k 0.74%. 
Patients with renal impairment exhibited oxazepam 
concentrations of 214 2 115 ng/ml and the drug was 
94.1 t 2.4% bound. The fraction of oxazepam 
bound did not correlate with either total protein or 
albumin concentration in plasma and was inde- 
pendent of oxazepam concentration over a range of 
225 to 1150 ng/ml. 

Binding interaction studies. Protein binding of 
oxazepam and its S(+) and R(-) glucuronides was 
determined individually and in mixture of the com- 
pounds. A summary of the results is presented in 
Table 2. The predicted values of percent bound are 
slightly higher than those measured due to the use 
of association constants determined with FAF-HSA 
rather than plasma albumin. Oxazepam protein bind- 
ing was not altered by high concentrations of either 
the S(+) glucuronide or a mixture of both glu- 
curonides. This is consistent with the anticipated 
results. As predicted, the S( +) glucuronide was not 
displaced by oxazepam or the R(-) glucuronide. 
The R(-) glucuronide also was not displaced by 
oxazepam or the S( +) glucuronide; however, at high 
concentrations of both glucuronides a small decrease 
in the binding at the R( -) glucuronide was predicted. 

Probe studies with NphOAc. The results of the 
probe study with NphOAc are presented in Fig. 
4. Decreases in the rate constants are seen with 
naproxen, oxazepam, and the S(+) glucuronide. 
Naproxen and oxazepam almost completely 
inhibited the reaction between NphOAc and FAF- 
HSA at drug to albumin ratios of 1. The S(+) glu- 
curonide, at the same molar concentration as FAF- 
HSA, also inhibited the reaction to a large extent. 
The R(-) glucuronide, however, had no effect on 
the reaction. 

DISCUSSION 

Binding of onazepam and its S(+) glucuronide. 
The protein binding of oxazepam cannot be com- 
pletely characterized at normal physiologic albumin 
concentrations as saturation of albumin binding sites 
cannot be attained owing to the low aqueous solu- 
bility of the drug and the large binding capacity of 
the protein. Protein binding of the benzodiazepines 
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Fig. 4. Inhibition of the rapid reaction between NphOAc 
and HSA bv (a) oxazeuam. (A) the S(+) glucuronide, 
(II) the R( ‘) &uronide and (0) naproxen, presented as 
the ratio of the first-order rate constants in the presence 
(k) and absence (k,,) of Iigand versus the molar ratio of 
ligand to HSA at 6.5 x 10W5 M. The reaction was conducted 

at 25” with 0.61 x lo-’ M NphOAc. 

has been characterized at lower than physiologic 
albumin concentrations [4,5]. However, protein 
binding parameters (i.e. N.k;) of some drugs can 
vary with protein concentration [19,20], and extra- 
polation to physiologic albumin concentrations in 
such cases would be inappropriate. Varying the pro- 
tein concentration allows its effect on N. K to be 
assessed with constant values of the latter allowing 
predictions of binding at higher protein 
concentrations. 

The binding affinities of oxazepam and its S(+) 
glucuronide for FAF-HSA and AC-HSA were con- 
stant at albumin concentrations greater than 0.1 g/ 
dl (Figs. 1 and 2); however, at lower concentrations 
less than expected binding suggests a decrease in 
N. K. A similar phenomenon has been found for the 
binding of cortisol, corticosterone, and testosterone 
to &i-acid glycoprotein [Zl]. Either contaminants 
present in small quantities in commercial albumin 
preparations or conformational changes in the albu- 
min molecule at very low protein concentrations may 
cause this change. Thus, data obtained at very low 
albumin concentrations were not used in the esti- 
mation of the binding parameters. 

Oxazepam was bound by FAF-HSA with the 
highest affinity (3.5 x lo5 M-i) of the three com- 
pounds. There was little change in the fractional 
binding of oxazepam over a wide range of albumin 
concentrations (Fig. .lA) as a result of the high 
binding affinity for this drug. Its binding is also linear 
at therapeutic drug concentrations [22]. The affinity 
constant for the S(i) glucuronide (5 X 104 M-l) was 

approximately one-tenth that for oxazepam. so that 
decreases in the albumin concentration resulted in 
proportional decreases in the fractional binding of 
the S(+) glucuronide (Fig. 2A). 

The rapid acetylation reaction between NphOAc 
and albumin [14] and the binding of ligands to the 
indole and benzodiazepine binding site on the HSA 
molecule are both associated with highly reactive 
tyrosine residues [.5]. Indeed, I-tryptophan and chlor- 
diazepoxide inhibit the rapid reaction between 
NphOAc and albumin 1151, indicating that the reac- 
tion and binding sites are the same. Oxazepam bound 
with high affinity exclusively to this site as shown by 
the complete inhibition of this fast reaction at a drug 
to albumin ratio of 1. The computer fitting (Eq. 1) 
of the oxazepam binding data (Fig. 1 A) also yielded 
an N of 1. These findings are in agreement with other 
reports that show oxazepam binds with high affinity 
to a single binding site 14.71. The S(+) glucuronide. 
in a molar ratio of 1 with albumin. inhibited the 
reaction to a great extent but not completely. This 
could be due to either a second class of lower affinity 
binding sites or lower binding affinity for the S(+) 
glucuronide. Computer fitting of S( +) glucuronide 
data generated an N value of 1, suggesting the latter. 

Binding of the R(-) glucuronide of oxazepam. 
The binding of the R(-) glucuronide was much 
different than that of oxazepam or the S(+) glu- 
curonide in that it was either not bound or was only 
very weakly bound to the indole and benzodiazepine 
binding site. This stereospecific binding is not unex- 
pected. I-Tryptophan is bound by albumin with 
high affinity primarily to one site, whereas the d- 
isomer is bound with approximately one-hundredth 
of this affinity to different sites [23]. d-Oxazepam 
hemisuccinate is bound to albumin with an affinity 
about forty times greater than I-oxazepam hemi- 
succinate [24]. The R(-) glucuronide of oxazepam 
was bound to albumin with an affinity at most one- 
tenth that of the S(+) glucuronide. 

Also, in contrast to oxazepam and the S(+) glu- 
curonide, the protein binding of the R(-) glu- 
curonide was highly dependent on albumin con- 
centration. Scatchard analysis of the data resulted in 
a plot with a positive slope, whereas typical Scatchard 
plots exhibit negative slopes. It has been suggested 
that Scatchard plots with positive slopes are caused 
by decreases in N. K which occur as albumin con- 
centrations increase [20]. This phenomenon has been 
shown to occur with the binding of numerous drugs 
[19,20]. Contaminants in commercial albumin prep- 
arations such as N-acetyl-L-tryptophan and other 
indoles [25] and fatty acids can inhibit the binding of 
drugs. Increasing the albumin concentration will also 
result in increasing the contaminant concentration, 
thereby causing decreases in N. K. Fatty acids can 
be ruled out as the changes in N. I( were also seen 
with FAF-HSA, and indoles would affect the binding 
of oxazepam and the S(+) glucuronide more than 
the R(-) glucuronide. However, inhibition by other 
unknown contaminants cannot be excluded. Another 
possible explanation for the changes seen in the 
binding parameters is an interaction between the 
protein molecules. The dimer form of I-ISA binds 
digitoxin with a lower affinity than the monomer 
form 1261. At lower protein concentrations there is 
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a decrease in the percentage of albumin dimers, 
hence the affinity can increase. Although N. K for 
the R( -) glucuronide was variable with protein con- 
centration and could not be determined precisely, it 
was approximately lo3 M-l. 

Binding interactions. Pre-acetylation of FAF-HSA 
with NphOAc resulted in decreased binding of all 
three compounds. This was expected for oxazepam 
and the S(+) glucuronide as HSA is acetylated by 
NphOAc at a tyrosine residue that is associated with 
benzodiazepine binding. Computer fittings of the 
binding data obtained with AC-HSA suggest that the 
association constant was decreased by acetyIation 
while the number of binding sites remained constant 
(Table 1). Acetylation, therefore, probably causes a 
conformational change at or near this binding site. 
Modification of this tyrosine residue by other means 
has also resulted in a decrease in the binding affinities 
without altering the number of binding sites for l- 
tryptophan and diazepam [27]. However, simple 
occlusion of the binding sites cannot be excluded. 
The binding of the R( -) glucuronide was also affec- 
ted by pre-acetylation with NphOAc, probably by 
an allosteric mechanism. 

As oxazepam and its S( +) glucuronide are bound 
at the same site on the human serum albumin 
molecule, the possibility for a competitive interaction 
between the parent drug and its metabolite exists. 
No interaction was found, however, as the large 
binding capacity of albumin results in an abundance 
of benzodiazepine binding sites. Even at very low 
albumin concentrations, oxazepam would not be 
displaced by the glucuronide due to the IO-fold 
greater binding affinity of the parent drug compared 
to the metabolite. The R( -) glucuronide was bound 
at different sites and therefore did not compete with 
oxazepam. 

The percentage of oxazepam bound to plasma 
proteins was found to be lower in patients with renal 
dysfunction (94%) than in normal volunteers (97%). 
This 2-fold increase in the free fraction in patients 
with renal impairment has been observed previously 
(11-131. The decreased binding was not due to lower 
total protein or albumin concentrations [12]. The 
binding of oxazepam was found to be linear over 
therapeutic concentrations [22], and differences in 
oxazepam concentrations between the two groups 
thus would not explain the differences in binding. 

High concentrations of metabolites have been 
shown to decrease the binding of some drugs [l, 21. 
In patients with impaired renal function, con- 
centrations of the conjugated metabolites of 
oxazepam can exceed concentrations of the parent 
compound by as much as SO-fold [13]. Oxazepam 
binding was not altered by concentrations of metab- 
olites normally observed and simulations predict 
that, even at glucuronide concentrations fifty times 
greater than those of oxazepam, no decrease in bind- 
ing would be seen. Therefore, increased con- 
centrations of metabolites or changes in protein con- 
centrations are not the cause of the doubling of the 
oxazepam free fraction seen in patients with renal 
impairment. The accumulation of plasma fatty acids 
or other endogenous compounds that may inhibit 
oxazepam binding remains a possible cause for the 
decrease in oxazepam binding. Indeed, fatty acids 

inhibit the binding of oxazepam, its S(+) glucu- 
ronide, and diazepam [l, 28,291. 

In summary, oxazepam and its S(+) glucuronide 
were bound by the same site on the HSA molecule; 
however, there was no competitive binding inter- 
action between the two compounds. The R(-) glu- 
curonide did not appear to be bound by this site. 
Pre-acetylation of HSA resulted in a decrease in the 
binding of all three compounds, probably by an 
allosteric mechanism. Patients with renal dysfunction 
exhibited a 2-fold increase in oxazepam free fraction, 
but this decreased binding cannot be attributed to 
either lower albumin concentrations or displacement 
by accumulated metabolites. 
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