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ABSTRACT

Glycation occurs by covalent binding between the carbonyl group of monosaccharides and the epsi-
lon amino group of amino acid. It can alter the physiological function of proteins and causes the de-
velopment of diabetic complications. In this study, the influence of glycation on protein binding of
warfarin and dansylsarcosine was studied by equilibrium dialysis which was performed for 3 hours at
37°C in the water bath. The high glycated albumin which contained 50+16% of glycated albumin
bound less than natural albumin which contained 8.5£5.28% of glycated albumin, if drugs concentra-
tion were more than the albumin concentration. But only warfarin binding showed a significant differ-
ence of 6% (P<0.05) when the molar concentration ratio of warfarin per albumin was 3. In considera-
tion of low therapeutic concentrations, low glycated albumin concentrations in the body, and rapid
elimination of excessive free drugs, these small increaes of free warfarin concentrations by glycation
of albumin are not considered as risk factors for drug intoxication for diabetics, if renal functions are

intact.
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INTRODUCTION

Monocarbohydrates are incoperated in serum
albumin and other proteins by covalent binding
between the carbonyl group of monosaccharides
and epsilon amino group of amino acid, especially
lysine and valine. This reaction is called glycation
or nonenzymatic glycosylation. Its reaction veloc-
ity depends on the kinds of monosaccharide and
its concentration, reaction temperature, and acidi-
ty, etc. (Cohen, 1985; Furth, 1983).

The glycation of proteins results in a variation
of their physiological function by changing the
molecular structure (Flecha ef al., 1990; McMillan
et al., 1981; Baba et al, 1981; Bilan ef al., 1990;
McDonald et al, 1979; Williams et al, 1982;

Shakalai ef al., 1984; Stevens et al., 1978; Sensi et al.,
1989; Rosenberg et al., 1979; Tarsio ef al., 1985;
Cortiz et al, 1991; Duell et al, 1990). These
alterations are known as the causes of the devel-
opment of diabetic complications (Kennedy et al.,
1984).

As an important carrier protein of drugs and
metabolites, albumin has specific drug binding
sites for azapropazon-and warfarin, indol-and
benzodiazepin and digitoxin. Some drugs such as
aspirin, tolbutamide bind to albumin relative
unspecifically (Muller, 1982).

There were some reports that glycation of
serum protein inhibited protein binding of drugs.
But most of these studies were performed with di-
abetic serum which differed from healthy serum
in its composition, such as glycated protein, free
fatty acid, and other endogenous metabolites etc.
which can influence the protein binding of durgs.
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(Bae, 1994, Colombo et al., 1982; Gatti ef al., 1987,
McNamara ef al., 1988; Storck et al., 1991, Worner
ef al., 1992). To examine the effect of glycation on
protein binding of drugs, it was required to use
very different glycated protein which could be
produced from pure albumin in vitro. So, free
warfarin and dansylsarcosine(DS) concentration,
as representative drugs, for main albumin binding
sites were compared after incubation of bovine
serum albumin (BSA) with glucose by using equi-
librium dialysis (Menke et al., 1989).

MATERIALS AND METHODS

Preparation of phosphate buffer saline (PBS)

0.067 M PBS was produced from mixing of 0.067
M disodium hydrogenphosphate and 0067 M
mono-sodium dihydrogenphosphate resulting in
pH 7.4, 6 g of sodium chloride and 0.975 g of sodi-
um azide were dissolved in a volume of 1 liter of
PRBS.

Preparation of high glycated and natural albumin
solution

For the production of high glycated albumin so-
lution, 10g of fatty acid free bovine serum albu-
min (BSA) (Sigma A-6003) and 10g glucose were
dissolved in PBS to become the final volume of
200 mlL After filtration of this solution by 0.2 #m
sterile syringe filter (Nalgene, USA), 100 ml solu-
tion was incubated for 15 days at 37°C water bath
with slight shaking (Julabo, Germany) and then
dialysed by dialysis tube (MWCO 12,000~ 14,000,
Spectrapore) against 2000 ml PBS for 3 times with-
in 24 hours to eliminate the free glucose. For the
production of natural albumin solution, another
100 ml albumin solution was dialysed without the
incubation process. The 3rd dialysis of each albu-
min solutions were done in the same beaker to
equilibrate the osmotic pressure of each solutions.
These albumin solutions were diluted with PBS
to 160uM. The concentration of albumin was
determinded by 280 nm from spectrophotometer
(Kontron 806, Swiss).

Determination of glycated albumin concentration

Glycated albumin concentration was deter-

minded for seven times by affinity chromatogra-
phy column which were filled with m-amino-
phenylboronic acid agarose (Sigma A-8530). The
analytical process was performed by Pierce
Glyco-Gel test.

Eqilibrium dialysis

The degree of drug-protein binding was mea-
sured by equilibrium dialysis (Scholtan, 1978)
with a Spectrum apparatus (Model 08-681-2B).
The dialysis cell was seperated by dialysis
menbrane disc of MWCO 5000 (Spectropore,
USA). 1 ml of albumin solutions were injected in
one side and 1 ml of variable concentrated drugs
were injected in the other side. Thereafter, dialy-
sis cells were rotated with 12 times/minute in 37°
C water bath for 3 hours. An aliquot was taken
from the drug side for the determination of the
free drug concentration. Equilibrium dialysis was
performed six times for each samples.

Determination of drug concentration

Drugs and albumin concentration were mea-
sured by spectrometrically determinded equili-
bration curves (Kontron 806, Swiss). The peak
waves length were decided by scanning process.

Statistic evaluation

Statistic significance of bound drugs concentra-
tion per albumin between high glycated and natu-
ral albumin were evaluated by t-test.

RESULTS

Determination of glycated albumin concentration

High glycated albumin solution containd 5016
% (n=7) glycated protein by incubation with 10g
glucose and 10g albumin in 200 ml PBS for 15
days at 37°C water bath. Natural albumin solution
contained 8.5+5.28% (n=7) of glycated protein
which was suggested to be produced in the body
(Mean*S.D.).

Equilibration curve for warfarin, dansylsarcosine
and albumin

Fig. 1, 2 and 3 show the equilibration curve of
warfarin, dansylsarcosine and albumin. For the
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Fig. 1. Equilibration curve of bovine serum albumin.
The optical density were determinded at 280
nm and albumin was dissolved in 0.067 M PBS.
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Fig. 2. Equilibration curve of warfarin. The optical
density were determinded at 310 nm and war-
farin was dissolved in 0.067 M PBS.

determination of these concentration, 280 nm for
albumin, 310 nm for warfarin and 328 nm for
dansylsarcosine were used. The correlation degree
for all equilbration curves were more than 0.99.

Binding of warfarin to albumins

Table 1 and Fig. 4 show the binding of warfarin
to high glycated and natural albumin solutions.
Molar concentration ratios of bound warfarin per
albumin were increased by increasing of total
warfarin concentration. But molar concentration
ratios of warfarin per natural albumin bound
were a little hgiher than per high glycated albu-
min bound if molar concentration ratio of total
warfarin per albumin were 3 and 1.5. But only
warfarm-binding was decreased 6% significantly
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Fig. 3. Equilibration curve of dansylsarcosine. The op-
tical density were determined at 328 nm and

dansyisarcosine was dissolved in 0.067 M PBS.

Table 1. The results of the binding test of warfarin and dansylsarcosine to glycated albumin (501+15% glycated albu-
min contained) and natural albumin (8.5+5.28% glycated albumin contained) by equilibrium dialysis. Each

determination was performed 6 times (Mean£S.D.)
Warfarin Dansylsarcosine
Cbound-drug/Calbumin Cbound-drug/Calbumin
Ctotal-drug Ctotal-drug i
Calbumin Glycated Natural P-value Calbumin Glycated Natural P-value

albumin albumin albumin albumin

3 2.015+£0.044 2.135+0.048 0.0012 8.8 4.100+0411 4.450%0.145 0.0952

1.5 1.183£0067 124210029 0.0905 44 2470+0201 2.58240.082 0.2516

0.75 0.668 +0.038 0.653+0.041 0.5257 22 1.585+0.059 1.551£0.039 0.2812

0.375 0.338+-0028 0.338 +0.020 1.000 1.1 0918 :0.054 0.83950+0.021 02718

0.1875 0.172+£0.020 0.162+0.010 0.305 0.55 04610018 0.465+0.019 0.7618
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Fig. 4. Molar concentration of warfarin per albumin
bound between 3 and 0.1875 of molar concen-
tration ratio of total warfarin per albumin
(Mean+8.D., n=6) *p<0.05.

(P<0.05), if the molar concentratcon ratio of total
warfarin/albumm was 3.

Binding of dansylsarcosine to albumins

Table 1 and Fig. 5 show the binding of
dansylsarcosine to high glycated and natural al-
bumin solution. Molar concentration ratio of
bound dansylsarcosine per albumin was increased
by increasing of the total dansylsarcosine concen-
tration. But molar concentration ratio of
dansylsarcosine per natural albumin bound were
a little more than per high glycated albumin
bound if molar concentration ratio of total
dansylsarcosine per albumin were 8.8 and 4.4. But
these differences were not significant.

From these results natural albumin bound more
drugs than glycated albumin when molar concen-
tration ratios of total drugs per albumin were
over 1. But only warfarin binding showed a signif-
icant difference when its molar concentration ra-
tios of total warfarin per albumin was 3.

DISCUSSION

Because free drugs are only pharmacological
active, increasing of free drug concentration can
cause enhanced drug toxicity (Aarons et al., 1979).
Significantly lower association velocity and the
affinity constants of dansylsarcosine (Worner et
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Fig. 5. Molar concentration of dansylsarcosine per al-
bumin bound between 8.8 and 0.55 of molar
concentration ratio of total warfarin per albu-
min (Mean+S.D., n=6).

al, 1992), reduced protein binding of prazosin
(Trovik et dl, 1992) and sulfioxazole (Ruiz-
Cabello ef al,, 1984) in diabetic serum indicate the
alteration of protein binding of drugs. Diabetic
serum contains high concentration of free fatty
acid, glycated plasma protein and the other en-
dogenous substance which can influence the pro-
tein binding of drugs. To examine the effect of
glycation on protein binding of drugs is necessary
to produce high glycated protein from pure albu-
min. Therefore, fatty acid free bovine serum albu-
min was incubated for 15 days in this study.
Though the glycated albumin concentration in
blood varies between specise, observer, assay
methods and individual condition, it was usually
less than 10% for health person and 10~30% dia-
betic person (Dolfer et al, 1880; Gutthrow et al.,
1979). The great difference of glycated albumin
concentration with 8.5% +5.28% for natural albu-
min solution and 50+18% for high glycated albu-
min solution can help to clarify the effect of
glycation on the protein binding of drugs.
Seperation of free drugs were done by equilibri-
um dialysis which is considered as a standard
method for protein binding of ligands. To faciliate
distribution of free drugs, 0.6% sodium chloride
was added in buffer to inhibit the Gibbs-Donnan
effect. Dansylsarcosine used a model ligand for
the benzodiazepine binding site. Because these
drugs reached within 1.5 hours to equilibrated
concentration in pretest, equilibrium dialysis for 3
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hours is thought to be enough time to reach to
equilibrate concentration in two side of dialysis
cell.

Even though the high glycated albumin bound
with warfarin and dansylsarcosine less than natu-
ral albumin if the molar concentration ratio of
total drug per albumin was above 1 (Fig. 4, 5),
only warfarin showed significant difference when
molar concentration ratio was 3. This result indi-
cates that glycation inhibit the protein binding of
drugs, especially for warfarin binding site bound
drugs. The linear correlation (r=0.49, P=0014, y
=0.3x+3.7) was found between the extent of
glycated albumin and the free fraction of phenyt-
oin in serum (Kerns et al., 1988). Free drug con-
centration of sulfisoxazole (Ruiz-Cabello e dl.,
1984) and gliclazide (Igaki ef al, 1992) were in-
creased by glycation of plasma protein. Because
these drug bind to the warfarin binding site of al-
bumin (Muller, 1982), these results are thought to
be consistant with this study. Increasd free drugs
concentraticn of diazepam and valproic aicd in
diabetic serum were considered to result from
more free fatty acid than glycated protein (Ruiz-
Cabello et al, 1984, Gatti et al, 1987), so
dansylsarcosine as model ligand for diazepam is
thought to be not significantly bound in this
study.

In consideration of therapeutic plasma concen-
tration which is usually less than equilmolar con-
centration with blood albumin, less glycated albu-
min concentration of diabetic subjects than high
glycated albumin of this study and rapid renal
clearance of increased free drug, the glycation of
albumin is not considered as risk factor for drug
intoxication by increased free drug concentration
in the body.

Therefore, the glycation of albumin is not con-
sidered as risk factor for drug intoxication in the
body, if renal function was intact.
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