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Several studies have reported the usefulness of chromatographlc methods for 
the determmatlon of drug bmdmg parameters to blologxal macromolecules 
[l--3]. However, most results have been obtamed with other methods, mainly 
equlllbnum dlalyas Thus, we thought it would be mterestmg to know If these 
two methods gave identical or different values The present paper deals with a 
comparison of the Hummel and Dreyer method [43 with the equlllbnum 
dlalysls techmque for the determmatlon of propranolol bmdmg parameters to 
human plasma macromolecules As the chromatographlc method used here 
involves a drlutlon of the InJected protem sample, the change m the concentra- 
tion of the protem during elution could modify the assoclatlon charactenstlcs 
[5, 61 This was another reason to venfy that the results obtamed by chro- 
matography agree with those of the dlalysls method, m which protem concen- 
tration remams constant 

EXPERIMENTAL 

Ma terzals 
Human semrn albumw (HSA) HSA [@ma, St. LOUIS, MO, U.S.A.; A 1887, 
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purity 99%; free fatty acid (FFA) molar ratio = 0.041 dissolved m 0.067 M 
(y = 0.284) phosphate buffer (pH 7.4) was used, When pooled human serum 
was used, HSA concentration was estimated by the bromocresol-green method 
(accordmg to the mstructions for bromocresol-green, Sigma Technical Bulletin 
No. 630,178O) 

al-Aczd glycoprotezn (AAG) AAG (Behrmg Marburg, F.R.G., purity 99%) 
was used m 0 067 M phosphate buffer (pH 7.4). The AAG concentration m 
serum was measured by radial immunodlffusion on M-Partlgen plates (Behrmg). 

Llpoproterns. Lowdensity hpoprotem (LDL) and high-density hpoprotem 
(HDL) concentrations in serum, correspondmg to apohpoprotems B (LDL) 
and A (HDL), were measured by radial immunodiffuaon on M-Partigen plates 
(Behrmg) Each isolated lipoprotem was obtamed by ultracentrifugation from 
pooled normohpidaemic human serum No chylomicrons were present. Plasma 
hpoprotems were isolated by sequential ultracentrifugation flotation of plasma 
at mcreasmg density, as described previously by Have1 [7] . The purity of each 
fraction was tested according to the method of Ouchterlony [8], checked by 
electrophoresis and estimated to be > 95%. The concentration of each 
hpoprotem was measured by the method of Lowry et al. [9]. 

Chemrc& (+)-Propranolol hydrochloride was obtamed from ICI Pharma 

Apparatus and experzmental condltaons 
A 6000A pump, U6K mlector and UV Type 450 detector (Waters ASSOC., 

Mltford, MA, U.S.A.) were used. Detection was for dilute solutions at 291 nm, 
i.e. the maxmum peak absorption of propranolol, or at 254 nm when 
propranolol concentrations (2 1 * 10-4M)werehlgh A15cmX 47mmID 
column filled by a slurry-packing technique with LiChrosorb Dial (10 Mm 
diameter, 100 A porosity) support (Merck, Darmstadt, F.R.G ) was mamtamed 
at 37°C m a thermostated bath Bmdmg parameters were calculated using a 
Tektronix 4051 computer by a previously described method [lo] 

Methods 
The bmdmg of propranolol to the different protems of interest was 

measured by using a drug solution saturatmg a high-performance size exclusion 
column (LiChrosorb Dial) according to the method of Hummel and Dreyer 
[4] InJection of a small volume (25 111) of a protein sample dissolved m the 
eluent onto the column after UV detection led to a positive peak correspondmg 
to the protem and a negative peak representmg the drug removed from the 
eluent by bmdmg to the protein. In order to quantify the drug bmdmg, we 
used an internal calibration process successive protein samples of the same 
volume are mlected onto the column, the protem samples contammg increasing 
concentrations of propranolol m phosphate buffer The first poatlve peak 
remains unchanged, whereas the second one varies and becomes positive. By 
plotting the area of the latter peak as a function of the concentration of 
propranolol m the sample, and mterpolatmg it to zero, we determme the con- 
centtration for which there is no “drug peak”. Then, the amount of this bound 
drug represents the exact excess of drug inJected relative to the eluent con- 
centration 
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RESULTS AND DISCUSSION 

Fig la shows the elutxon pattern obtamed when a few mlcrohtres (25 ~1) 
of an LDL (0 96 @4) buffered solution are nqected onto the column and 
eluted with a propranolol (2 l 10 -4 M) buffered solution. The area of the 
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EXCESS OF PROPRANOLOL CONCENTRATION 

Fig 1 (a) Hummel and Dreyer chromatogram obtamed with propranolol LDL mteractlon 
Column LlChrosorb Dlol (15 cm X 4 7 mm ID ), flow-rate 1 ml/mm, eluent 2 * lo-’ M 
propranolol m phosphate buffer (pH 7 4) Samples 25 ~1 of LDL (0 96 ,I&) buffered 
solution (a), b, c, d, e, f with mcreasmg concentrations of 1, 2, 4, 6 and 8 10 -4 M 
propranolol m phosphate buffer Temperature 3’7” C Time axis 1 5 cm = 10 mm (b) 
Internal cahbratlon for bmdmg of propranolol to LDL Peak area (at 254 nm) as a function 
of the excess (relative to eluent concentration) of propranolol injected ulth 0 96 JIM LDL 
mto the column Eluent 2 - 10 + M propranolol m phosphate buffer (pH 7 4) 
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hgand peak, negative (a, b, c) or posltlve (d, e, f) (Fig. la), 1s plotted versus 
the excess of propranolol relative to the eluent concentration (Fig. lb). As 
described above, the plot 1s then mterpolated to zero, and the correspondmg 
excess of propranolol (point B, Fig. lb) IS the exact amount of propranolol 
bound to LDL when the propranolol concentration m the eluent 1s 2 l 10 -4 M. 
With each drug concentration m the eluent, we made five or SIX mJectlons of 
the same protein sample contammg mcreasmg concentrations of propranolol 
(points a-f, Fig. la), m order to determme the mterpolated pomt with the best 
accuracy. The correlation coefflclent of the straght hne thus obtamed for any 
protem studled was 0.980 < r < 0.999 Tables I and II show values of the con- 
centration of propranolol bound to AAG and HDL for each free propranolol 
concentration m the eluent 

TABLE I 

DETERMINATION OF THE BINDING OF PROPRANOLOL TO AAG USING THE 
INTERNAL CALIBRATION METHOD 

Bmdmg parameters K, = 399 52 . lo3 i 76 31 * lo3 M-' (r = 0 9953), II = 0 81 f 0 12, 
nK4 = 6544.10’+02&3-10’W’ 

Propranolol concentration (PM) Coefficient of r 
variation on bound 

Free Bound (X 106) (W) 

0 50 2 64 33 06 0 9990 
0 75 3 27 10 84 0 9999 
100 3 89 10 15 0 9999 
2 50 6 33 0 79 0 9996 
5 00 7 99 0 46 0 9999 
7 50 9 15 0 40 0 9996 

10 00 10 69 0 23 0 9991 
25 00 12 92 0 52 0 9997 

100 00 20 40 0 01 0 9999 
175 00 29 64 4 20 0 9999 

TABLE II 

DETERMINATION OF THE BINDING OF PROPRANOLOL TO HDL USING THE 
INTERNAL CALIBRATION METHOD 

Bmdmg parameters nK, = 43 269 - lo3 + 4 498 - lo3 M-I (r = 0 9939) 

Propranolol concentration (r&f) Coefficient of r 
varlatlon on bound 

Free Bound (X 106) (%) 

40 00 4 05 111 0 9992 
50 00 4 78 1 55 0 9993 
80 00 6 41 1 23 0 9989 

100 00 6 83 1 09 0 9979 
200 00 10 70 1 11 0 9991 
300 00 16 51 0 62 0 9850 
500 00 26 68 0 22 0 9991 
800 00 35 20 0 42 0 9910 
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FREE PROPRANOLOL (16%) 

Fig 2 Bmdmg curves of propranolol to different human serum proteins Serum at 56 g/l 
(*), AAG at 0 6 g/l or 15 pM (o), HDL at 2 4 g/l or 10 4 PM (v), LDL at 2 4 g/l or 0 96 PM 
(a) and HSA at 32 g/l or 464 PM (n) 

The curves for propranolol bmdmg to isolated human serum proteins and 
serum =e shown in Fig 2 The protein concentrations used are very close to 
those measured In humans. It appears that AAG 1s the only protein that shows 
saturable binding and then non-saturable binding when the propranolol concen- 
tration increases These results are m accordance with those previously reported 
111, 121 The other proteins bind propranolol only by a non-saturable process 
Thus, propranolol binding m serum can be considered as the sum of one 
saturable and non-saturable process 

Scatchard analysis was applied to these results The correspondmg bmdmg 
parameters are expressed as the product N X K, where N 1s the concentration of 
bmdmg sites m the protein solution and K 1s the correspondmg affmlty 
constant Our data are listed m Table III, together with previously reported data 
from equlllbnum dlalysls [ 11,13--161 There appears to be some dlscrepancles 
with the AAG propranolol mteractlon. This has been previously reported 
[ ll- 161 and may be due to the different purrties of the protein samples used. 
Our present results and those previously reported by Soltes et al [12] obtamed 
with another AAG sample are m good accordance with the results of Belpaue 
et al. [ll] and Sager et al [14] For the other protems, the differences ob- 
served m the results are within the preclslon of the methods 

Owmg to the relatively large difference between the values of K measured 
by equhbrmm dialysis, comparison with our results 1s rather dlfflcult. But It 1s 
apparent that m general our chromatographlc measurements lead to values of 
the same order of magnitude as the dialysis determmatlons It should be stated 
that the bound propranolol concentrations, determmed chromatographically 
using the callbratlon process described above, have a very small coefficient of 
variation (Tables I and II). This reproduclblhty permits characterlzatlon of 
bmdmg curves (Fig. 2) with good correlation coefflclents serum 0 997, HSA 
0 977, AAG 0.997, LDL 0 977 and HDL 0 993. 

All these values demonstrate the good preclslon of the high-performance 
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TABLE III 

PROPRANOLOL BINDING PARAMETERS OF SERUM AND ISOLATED SERUM 
PROTEINS 

Sample Nx K* 

HPLC Reference Equilibrium Reference 
method dlalysrs 

method 

Serum 1 31 Our results 149 
9 61 

HSA 0 66 Our results 101 
HDL 0 45 Our results 0 25 
LDL 0 18 Our results 0 21 
AAG 4 84 Our results 16 8 

26 
4 39 
0 69 
0 62 

4 45 Soltes et al 
1121 

Glasson et aI [13] 
Belpane et aI [ll] 
Glasson et al [13] 
Glasson et al [ 131 
Glasson et al [13 ] 
Calculated from Wong and Hsla [ 161 
Calculated from Belpaue et al [ 111 
Calculated from Sager et al [ 141 
Calculated from Glasson et al [ 131 
Calculated from Kornguth et al [ 151 

*N is the concentratron of binding sites m the protein solutron and K is the corresponding 
afflmty constant 

liquid chromatographic (HPLC) procedure for bmdmg determmations The 
malor advantage of the apphcation of the HPLC techmque for the estimation 
of drug protein bmdmg is that it is possible to use UV detection for the quan- 
tification of bound drug m the same range of concentations which, m dialysis 
experiments, would require radiolabelled propranolol. This is possible because 
the molar extmctlon coefficient of propranolol is sufficiently high to be readily 
detectable In fact, this 1s the case with very many drugs, which can also be 
studied by a similar methodology. 

It has been reported previously [14-171 that bmdmg to AAG is 
stereoselective for (-)-propranolol In the present experiment, however, the sepa- 
ration of the two isomers is not possible on the LiChrosorb Dial column, thus 
our results relate to the overall bmdmg of the two isomers to the protems. 

CONCLUSION 

The method of Hummel and Dreyer with a size exclusion LlChrosorb DioI 
cohmn and UV detection was used for the determmation of propranolol 
protein bmdmg parameters The results obtained are m the range of those 
previously reported from equilibrium dialysis experiments and show that 
protein dilution durmg chromatographic elutlon has no dramatic effect on the 
values of the bmdmg parameters This conclusion has been drawn for other 
drugs bound to HSA [l, 21 Thus, HPLC can be considered as a valuable 
method for drug protem bmdmg determmation, avoiding the dialysis disad- 
vantages of possible membrane adsorption, protem degradation, mstabihty 
of the drug durmg the long penod of time (2--24 h) needed to reach 
equilibrium and, m numerous cases, avoiding the use of radlolabelled drugs. 
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