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Binding of drugs to protein influences drug pharmacokinetics and causes 
pharmacological effects. Most acidic drugs bind to albumin in plasma [ 1,2]. 
Basic drugs mainly bind to al-acid glycoprotein (AAG) [ 3-51. Drugs may also 
bind to plasma proteins other than AAG and human serum albumin (HSA) . 

To investigate the protein binding of drugs, equilibrium dialysis, ultrafiltra- 
tion and gel permeation chromatography have been used [ 6-81. These meth- 
ods measure total protein binding or binding to a single kind of protein, not 
the binding to a particular protein in a protein mixture. High-performance 
liquid chromatography (HPLC ) has been used for the study of protein binding 
of drugs [9-121 and for the resolution and the purification of proteins [ 13- 
18]. 

In this study, we applied HPLC to the study of drug binding to plasma pro- 
teins and tried to elucidate what proteins in plasma bound to lidocaine. 

EXPERIMENTAL 

Materials 
HSA and human AAG were purchased from Sigma (St. Louis, MO, U.S.A.). 

Lidocaine hydrochloride was donated by Fujisawa Pharmaceutical (Osaka, Ja- 
pan). Fresh human plasma was obtained from healthy adult men, centrifuged 
and dialyzed against saline. 
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HSA was removed by use of Blue Sepharose CL-6B (Pharmacia, Uppsala, 
Sweden). Human plasma was diluted twice with 0.05 M Tris-HCl, pH 7.0, 
containing 0.1 M KCl, and was passed through a Blue Sepharose CL-6B col- 
umn equilibrated with the same buffer. The pass-through fraction was col- 
lected, concentrated and dialyzed against saline. Protein standards for molec- 
ular mass calibration were obtained from Boehringer (Mannheim, F.R.G. ) . 

Protein binding and HPLC 
Proteins such as plasma, HSA or AAG were dissolved in 0.1 M phosphate 

buffer, pH 7.4 (HPLC buffer), and incubated with lidocaine dissolved in HPLC 
buffer for 30 min at 37 “C. The incubation mixture (500 ~1) was injected onto 
an HPLC apparatus equipped with a gel-permeation column (TSK-G3000SW, 
60 cm x 7.5 mm I.D., Tosoh, Tokyo, Japan). HPLC was performed at a flow- 
rate of 0.5 ml/min with HPLC buffer containing lidocaine (5 pug/ml) at room 
temperature. The effluent was collected in O.&ml fractions until all proteins 
were eluted. Protein, AAG and lidocaine concentrations in each fraction were 
assayed and plotted. The peak of lidocaine indicates bound lidocaine. 

Assay methods 
Lidocaine was measured by fluorescence polarization immunoassay (TDX 

systems, Abbott Diagnostics, Chicago, IL, U.S.A. ) [ 161. AAG was assayed on 
single radial immunodiffusion plates, such as NOR-Partigen-AAG (Hoechst, 
Frankfurt, F.R.G.). The protein concentration was measured with a protein 
assay kit (Bio-Rad, Richmond, CA, U.S.A.). The amount of bound lidocaine 
in each tube was calculated as follows: amount bound lidocaine (pug) = 0.5 ml 
x [concentration lidocaine (pg/ml) in each tube - concentration lidocaine 
@g/ml) in each tube in the experiment without proteins]. The amount of 
bound lidocaine in fraction A was calculated as the total amount of bound 
lidocaine eluted at 22-24 min. 

RESULTS 

In the HPLC method for the drug-binding study, the binding ratio of each 
protein depends on the drug concentration in the eluent [ 10-121. We used a 
fixed concentration of lidocaine in the mobile phase (5 pg/ml) only to compare 
the binding ratios of lidocaine to some plasma proteins. The HPLC column 
was equilibrated with buffer containing 5 pg/ml lidocaine overnight before 
injection of the incubation mixture of lidocaine and protein. The elution profile 
of bound lidocaine synchronized with that of AAG (Fig. 1). Almost all the 
lidocaine injected was recovered. When an incubation mixture of HSA and 
lidocaine was injected, a peak of bound lidocaine hardly appeared at the reten- 
tion time of HSA, indicating that the binding capacity of lidocaine to HSA was 
low. The retention time of HSA on gel-permeation HPLC (36.8 min) was very 
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Fig. 1. HPLC profiles of al-acid glycoprotein and lidocame. A mixture (500 ,uI) of a,-acid glyco- 
protein (2.5 mg) and hdocame (25 fig) was incubated for 30 min at 37 “C and then injected onto 
an HPLC apparatus with a TSKG3000SW column. HPLC was performed at a flow-rate of 0.5 
ml/min with 0 1 Mphosphate buffer, pH 7 4, containing hdocaine (5 pg/ml) at room temperature. 
The bdocame concentration in the eluted fraction was assayed by TDX systems. 

close to that of AAG (37.4 min). With these HPLC conditions, the retention 
time of the standard proteins was as follows: cytochrome C (MW 12 500)) 49.4 
min; chymotrypsinogen A (MW 25 000), 46.8 min; ovalbumin (MW 45 000), 
39.5 min; bovine serum albumin (MW 68 000), 36.3 min; aldolase (MW 
158 000)) 33.8 min; catalase (MW 240 000)) 28.6 min; ferritin (MW 450 000)) 
24.4 min. It was difficult to resolve HSA and AAG as separated peaks by HPLC 
with a gel-permeation column. 

When AAG (2.5 mg) was mixed with various amounts of lidocaine (6.25, 
12.5, 25 or 50 pug), the amount of lidocaine bound to AAG was constant 
(8.2 f. 0.63 pg). From the value of lidocaine of 8.2 pug (3.5. 10-R mol), the molar 
ratio of lidocaine bound to AAG was calculated to be 0.8. In the same way, HSA 
was incubated with lidocaine (6.25,12.5,25 or 50 pg). The amount of lidocaine 
bound to HSA (4 mg) was 1.3 + 0.37 pg (0.55. low8 mol). The molar ratio of 
bound lidocaine to HSA was calculated to be 0.16. From these results, the bind- 
ing capacity of AAG to lidocaine was found to be higher than that of HSA. 

When 0.5,1.25 or 2.5 mg of AAG was incubated with 10 pg of lidocaine, the 
amount of lidocaine bound to AAG was 1.8,4.3 or 8.8 pg, respectively (Table I). 
The coefficient of correlation between AAG and bound lidocaine was 0.9989. 
When AAG incubated with lidocaine in the presence of 5 mg of HSA was in- 
jected, bound lidocaine was 1.9 ,ug with 0.5 mg of AAG, 5.0 pug with 1.25 mg of 
AAG and 9.7 pg with 2.5 mg of AAG, which increase was proportional to the 
amount of AAG. When 5 mg of HSA was incubated alone, 1.5 pg of lidocaine 
were bound to HSA. 

Lidocaine binding to plasma proteins was also studied. On the chromato- 



TABLE I 

EFFECT OF HUMAN SERUM ALBUMIN (HSA) ON THE LIDOCAINE BOUND TO 

a,-ACID GLYCOPROTEIN (AAG) 

The different amounts of AAG were incubated with lidocaine (10 pg) in the absence or presence 

of HSA (5 mg). 

AAG 

(mg) 

Lldocaine bound (pg) 

-HSA + HSA 

0.5 1.8 1.9 

1.25 4.3 5.0 

2.5 8.8 9.7 

Fig 2. HPLC profile of plasma incubated with hdocaine. Plasma (500~1) incubated with lidocaine 

(50 pg) was mjected onto an HPLC apparatus with a TSK-G3000SW column. HPLC was per- 

formed at a flow-rate 0.5 ml/min with 0.1 M phosphate buffer, pH 7.4, containing lidocame (5 

pg/ml) Molecular mass was calibrated with protein standard markers: ferritin (450 OOO), catalase 

(240 000), bovine serum albumin (68 000), ovalbumin (45 000)) chymotrypsinogen A (25 000). 

Fraction A (Fra-A) 1s the eluate of 22-24 min. 

gram of plasma, AAG was not clearly separated from HSA. The major peak of 
bound lidocaine was eluted with the fraction in which AAG and HSA were 
eluted. Another peak of bound lidocaine appeared at a retention time of 23 min 
(fraction A in Fig. 2). To confirm that lidocaine did bind to fraction A protein, 
the binding of lidocaine to plasma from which albumin had been removed by 
Blue Sepharose chromatography was studied. This was done because a larger 
amount of fraction A can be applied on a HPLC column. The elution profile 
of bound lidocaine with plasma treated with Blue Sepharose is shown in Fig. 3. 
The amount of bound lidocaine in fraction A and the AAG fraction was 0.72 
and 1.10 pg, respectively. The molar ratio of lidocaine bound to AAG was 0.96. 
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Fig. 3. HPLC profile of plasma passed through the Blue Sepharose column and incubated with 
lidocame Plasma (500 ~1) containing 21 mg of protein was incubated with lidocaine (50 pg) and 
injected onto an HPLC apparatus with a TSK-G3000SW column. HPLC was performed at a flow- 
rate of 0 5 ml/min with 0.1 Mphosphate buffer, pH 7.4, containing lidocaine (5 pug/ml). 
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Fig. 4. HPLC profile of fraction A incubated with lidocaine. Fraction A (15 mg of protein per ml) 
shown m Fig 2 was obtained from plasma passed through the Blue Sepharose column. Fraction 
A (200 or 400 ,~l) was incubated with hdocame (50 fig) and injected onto an HPIX apparatus 
with a TSK-G3OOOSW column. HPLC was performed at a flow-rate of 0.5 ml/min with 0.1 M 
phosphate buffer, pH 7.4, containing lidocaine (5 pg/ml). The upper dotted line shows lidocaine 
when 400 ~1 of fraction A were incubated with bdocaine (50 yg). The lower dotted lme shows 
hdocame when 200~1 of fraction A were incubated with hdocame The solid line shows the protein 
concentration when 400 ,~l of fraction A were incubated with lidocaine (50 pg) and Injected onto 
an HPLC apparatus. 
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Fraction A eluted by HPLC equipped with a gel-permeation column was 
collected and concentrated. Fig. 4 shows the HPLC profile of lidocaine binding 
to different amounts of fraction A. Lidocaine bound to 0.2 and 0.4 ml of frac- 
tion A was 0.31 and 0.56 pg, respectively. Lidocaine bound to 0.4 ml of fraction 
A was 1.8 times greater than that bound to 0.2 ml of fraction A, indicating that 
lidocaine bound to protein in fraction A varied linearly with the amount of 
protein present. 

DISCUSSION 

Lidocaine-protein binding in a mixture of AAG and HSA was dependent on 
the AAG concentration, not the HSA concentration. The normal mean con- 
centration of AAG in plasma is 66 mg/dl, which is much lower than that of 
HSA. The AAG concentration in the plasma sometimes increases several-fold 
in disease. However, the plasma HSA concentration tends to decrease in many 
diseases, and its changes are much smaller than those of AAG [ 17,181. There- 
fore, AAG is more important than HSA for the binding of lidocaine in the 
plasma. 

When a mixture of AAG and HSA or plasma was injected into an HPLC 
apparatus equipped with a gel-permeation column, AAG and HSA could not 
be clearly separated, although the molecular mass of HSA is 25 000 higher than 
that of AAG. However, the peak of bound lidocaine was eluted at the later part 
of the peak of HSA and AAG. The molar ratio of bound lidocaine to AAG was 
higher than that to HSA. These results suggested that lidocaine binds more to 
AAG than HSA in the large peak fraction containing HSA and AAG during 
HPLC of plasma. The bound lidocaine was eluted at another position, that of 
fraction A, which seemed to be a lipoprotein fraction. Quinidine and imipra- 
mine have been shown to bind to lipoproteins [ 20,211. In plasma passed through 
a Blue Sepharose column the amount of lidocaine bound to the protein of frac- 
tion A was 65% of that bound to AAG (Fig. 3 ) . Calculated from the results of 
Fig, 4 the ratio of bound lidocaine to fraction A (pg/mg) was 0.96 and that to 
AAG was 4.6. The molecular mass of proteins in fraction A is much higher than 
that of AAG. Therefore, the binding capacity of lidocaine to the proteins in 
fraction A seems to be high. 
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