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ABSTRACT 

A rapid and simple method for the determination of:q-acid glycoprotein (AAG) in serum was developed by using an anion-exchange 
column for clean-up of serum and a hydroxyapatite column for high-performance liquid chromatography (HPLC). A good correlation 
was observed between this HPLC method and the conventional radial immunodiffusion method. The method may also be used to 
determine the AAG concentration in the serum of experimental animals. 

INTRODUCTION 

The serum glycoprotein ~l-acid glycoprotein 
(AAG) is an acute-phase reactant that increases 
following cancer [1], myocardial infarction [2] 
and congestive heart failure [3]. Several investiga- 
tors have observed that AAG binds to a number 
of basic antiarrhythmic drugs, including lido- 
caine [41, quinidine [5], propranolol [6] and diso- 
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pyramide [7]. The rapid determination of AAG in 
serum is therefore essential for the investigation 
of rapid changes in AAG levels and/or the rela- 
tionship between serum-unbound drug fractions 
and pharmacological effects during treatment. 

Several methods for the assay of AAG in plas- 
ma or serum have been reported. Radial immu- 
nodiffusion utilizing antibody against AAG has 
been widely used to determine AAG in serum [8- 
12] because of its high specificity. This method, 
however, is time-consuming and is not easily ap- 
plicable to experimental animals, as the antibod- 
ies against AAG of animals are not commercially 
abailable. Sugiyama et al. [13] reported a simple 
fluorimetric method for serum using a cationic 
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fluorescent dye, auramine O. Although this 
method has the advantage of requiring only a 
short time (at most 20 min), a tendency to under- 
estimate AAG concentrations was reported. Fu- 
nae et al. [14] reported a chromatographic sep- 
aration of AAG from ~l-antitrypsin in plasma by 
high-performance liquid chromatography 
(HPLC) using a hydroxyapatite column. This 
method, however, requires dialysis and affinity 
chromatography for the clean-up of plasma and 
separation of AAG and ~l-antitrypsin, and is 
time-consuming in clinical use. In this paper, we 
describe a rapid and simple method for the deter- 
mination of AAG in serum by using an anion- 
exchange column for clean-up of serum and a 
hydroxyapatite column for HPLC. 

E X P E R I M E N T A L  

Materials  
Serum samples were obtained from fifteen 

healthy and drug-free male subjects (24~55 years 
old) and were refrigerated at - 80°C  until used. 
Commercial human AAG (Lot 57F-9319) was 
purchased from Sigma (St. Louis, MO, USA). 
All other chemicals were of analytical-reagent 
grade and used without further purification. A 
Toyopak DEAE M anion-exchange column (To- 
soh, Tokyo, Japan) was washed with 5 ml of dis- 
tilled water before use. 

was added to 0.01 M phosphate buffer linearly up 
to 50% in 10 min. 

Electrophoresis 
Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) was performed on 
a slab separating gel 1.0 mm thick containing 
12% acrylamide. The protein samples were in- 
cubated with 0.9% mercaptoethanol for 10 rain 
in a boiling water-bath. 

RESULTS AND DISCUSSION 

Fig. 1 shows the effect of the concentration of 
buffer B on the elution of AAG from the DEAE 
M column. The elution of  AAG increased linear- 
ly with increasing concentration of buffer and 
reached a plateau at concentrations above ca. O. 1 
M. Moreover, in the serum sample, the protein 
elution profile was similar to that of standard 
AAG. Above pH 4.0, an increase in interfering 
peaks in the HPLC profile was observed. 

Fig. 2 shows hydroxyapatite HPLC profiles of 
(A) standard AAG and (B) serum from a healthy 
subject. The sample for HPLC was obtained by 
pre-treatment with a DEAE M column as men- 
tioned previously. The peak at 11 rain in Fig. 2B 
was homogeneous and the retention time coincid- 
ed with that of the standard AAG. Moreover, in 

Clean-up oJ" serum and H P L C  procedure 
A 250-/tl aliquot of  serum was diluted to 50 ml 

with 0.01 M citrate-phosphate buffer (pH 4.0) 
(buffer A), and then the whole mixture was load- 
ed on to the DEAE M column. After washing the 
column with 5 ml of buffer A, AAG was eluted 
with I ml of0.15 M citrate-phosphate buffer (pH 
4.0) (buffer B), and then 50 #1 of  the eluate were 
injected into the HPLC system (Model 638-50, 
Hitachi, Tokyo, Japan) equipped with a Hitachi 
Model 638-41 multi-wavelength UV detector set 
at 280 nm. The separation was achieved on an 
A-7610 hydroxyapatite column (10 × 0.76 cm 
I.D.) (Koken, Tokyo, Japan) with a linear gra- 
dient of  potassium phosphate buffer (pH 5.2) at a 
flow-rate of 1.0 ml/min; 0.35 M phosphate buffer 
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Fig. 1. Effect of the concentration of buffer B on the elution of 

AAG from the DEAE M column: 0.25 mg of AAG in 50 ml of 

buffer A was loaded on to the column. After washing the column 

with 5 mI of buffer A, AAG was eluted with 1 ml of various 

concentrations of buffer B. 
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Fig. 2. Hydroxyapatite HPLC profiles of the eluate from the 
DEAE M column. (A) Standard AAG; (B) serum from a healthy 

subject. 

SDS-PAGE the peak at 11 min obtained from 
the serum samples showed a single band and its 
electrophoretic mobility was in agreement with 
that of standard AAG (data not shown). 

For a rat serum sample, a similar chromato- 
graphic profile could also be obtained by using 
the same clean-up and HPLC procedure. 

A calibration graph obtained according to the 
procedure described under Experimental was 
constructed. A linear relationship between the 
standard AAG concentration (x) and the peak 
height (v) was observed over the concentration 
range 0.5 2.5 mg/ml AAG and the regression line 
was 3: = 125.7x + 1.7 (r = 0.9993). The coeffi- 
cient of variation at 0.5 mg/ml AAG was 3.7% (n 
= 8) and the limit of detection was 0.05 mg/ml 
AAG. 

Using the proposed HPLC method and the 
conventional radial immunodiffusion method, 
the AAG concentrations in the serum of fifteen 
healthy subjects were determined. As shown in 
Fig. 3, a good correlation between the two meth- 
ods was observed. 

It is concluded that it is possible to determine 
rapidly (maximum 30 min) and precisely serum 
AAG concentrations in individual patients by the 
proposed HPLC method. Moreover, it can also 
be used to determine AAG concentrations in the 
serum of experimental animals. 
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Fig. 3. Relationship between AAG concentrations in smum I'rom 
l]fteen healthy subjects determined by the radial immunodifl'u- 
sion method and by the HPLC method. The regression line is y 

= 1.009\ + 0.004 (r = 0.9956). 

R E F E R E N C E S  

I S. K. Moult ,  M. Peak, S. Thompson and G. A. Turner.  ('Ill& 

C/tint.  ,4('ltl, 166 (1987) 177. 
2 P. A. Routledge, W. W. Stargel, G. S. Wagner and D. G. 

Shand, A*m. Intern. Med., 93 (1980) 701. 
3 A. Nomura ,  H. Yasuda,  T. Kobayashi,  S. Kishino, N. Kohri, 

K. Iseki and K. Miyazaki, Eur. J. Clin. Pharnmcol., 42 (1992) 

115. 
4 P. A. Routledge, A. Barchowsky, T. D. Bjornsson, B. B. 

Kitchcll and D. G. Shand. ('lin. Plmnnacol. Ther., 27 (1980) 

347. 
5 K. M. Piafsky, Clin. Pharmacokin.. 5 (1980) 246. 
6 J. W. Paxton and R. H. Briant, Br..I. ('/in. Pharmacol., 18 

(1984) 806. 
7 S. Kishino, N. Kohri, K. Iseki, K. Miyazaki, A. Nomura  and 

H, Yasuda,  J. Pharmacobio-D3"n., 14 ( 1991 ) 493. 
8 P. A. Routledge, D. G. Shand~ A. Barchowsky, G. Wagner 

and W. W. Stargel, Clin. Pharmacol. Ther., 30 (1981) 154. 
9 J. P. Chapelle, A. Albert, J. P. Smeets, C. Hcusghem and H. 

E. Kulbertus, Clin. Chim. Acta, 115 (1981) 199. 
10 A, Barchowsky, D. G. Shand, W. W. Stargel, G. S. Wagner 

and P. A. Routledge, Br. J. Clim Pharmacol.. 13 (1982) 411. 
I 1 E, G. V. Giardina, K. Raby, D. Freilich, J. Vita, R, Brem and 

M. Louie, Am. J. Cardiol., 56 (1985) 262. 
12 P. A. Routledge, W. W. Stargel, B. B. Kitchell, A. Barchow- 

sky and D. G. Shand, Br. J. Clin. Pharmacol., I I (I981) 245. 
13 Y. Sugiyama, Y. Suzuki, Y. Sawada, S. Kawasaki,  T. Bcppu, 

T. lga and M. Hanano,  Biochem. Pharmacol., 34 (1985) 821. 
14 Y. Funae. S. Wada,  S. lmaoka,  S. Hirotsune. M. Tominaga.  

S, Tanaka.  T. Kishimoto and M. Maekawa, J. Chromatogr., 

381 (1986) 149. 


