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Abstract-The binding of the (+)- and (-)-enantiomers of verapamil (V) to purified albumin (40 g/L), 
@,-acid glycoprotein (0.55 g/L) and fresh serum has been studied over a wide range of verapamil 
concentrations (0.055 to 22pM). The free fraction of the pharmacologically more potent (-)-V was 
always greater than that of (+)-V. Similar free fractions were observed in solutions of &,-acid glycoprotein 
((+)-V 0.079 2 0.016; (-)-V 0.142? 0.020) and fresh serum ((+)-V 0.096 + 0.009; (-)-V 
0.136 % 0.006), however the free fraction was higher in a solution of albumin ((+)-V 0.400 ? 0.030; 
(-)-V 0.572 2 0.029). Saturation of verapamil binding sites was observed for a,-acid glycoprotein only. 
Enantioselective verapamil serum binding was also noted in samples collected from five healthy 
volunteers following oral and intravenous verapamil administration. The free fraction of the individual 
isomers in uitro when added to predose serum as the pseudoracemic drug ((+)-V 0.06 2 0.01, (-)-V 
0.12 2 0.02) was similar to that observed for the enantiomers when studied separately in uitro, indicating 
that the binding of each enantiomer is independent of the other optical isomer. The free fraction ex 
vim after intravenous therapy ((+)-V 0.06 + 0.01, (-)-V 0.12 % 0.02) was similar to that observed in 
uitro in that subjects pre-dose serum. The free fraction of both enantiomers, however, was higher after 
oral drug therapy ((+)-V 0.13 2 0.02, (-)-V 0.23 % 0.03). The lower binding noted may be a result of 
comoetition for serum binding sites bv veraoamil metabolites, which attain higher concentrations 
folldwing oral dosing. ” ’ L 

Twenty-five percent of all chemically synthesised 
drugs have a chiral centre and up to 82% of certain 
synthetic chiral pharmaceuticals, for example /?- 
adrenoceptor antagonists, are administered as race- 
mates [l]. The enantiomers contained in a racemic 
drug mixture often exhibit substantial differences in 
activity and toxicity [l]. Various aspects of drug 
disposition may also be stereoselective. Stereo- 
selective metabolism has been studied in some detail; 
however, protein binding has received less attention 
[2]. Only free drug is available to exert phar- 
macological effects, and different concentration- 
effect relationships may result for each enantiomer 
if stereoselective binding occurs. In addition dif- 
ferences in protein binding may influence the renal 
excretion of the individual enantiomers or the hep- 
atic metabolism of low clearance drugs such as war- 
farin [l]. 

The calcium antagonist verapamil is approximately 
90% bound to plasma proteins [3-71. Interindividual 
differences in verapamil protein binding can be attri- 
buted, like other basic drugs [8,9], to variations in 
the concentrations of albumin [6,7], al-acid gly- 
coprotein [6,7] and possibly other plasma proteins 
[6]. Verapamil is administered as a racemic mixture; 
however, the bioavailability [lo], pharmacokinetics 
[ll] and pharmacological activity [ 121 of the indi- 
vidual (+)- and (-)-enantiomers differ. Following 
intravenous administration of (+)- and (-)-ver- 
apamil stereoselective plasma protein binding has 
also been observed [ll]. It was therefore decided to 
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study in greater detail the binding of (+)- and (-)- 
verapamil to albumin, &,-acid glycoprotein and drug- 
free serum. In addition the protein binding of the 
enantiomers of verapamil has been investigated ex 
uiuo utilising a stable labelled isotope technique. 
Healthy volunteers were administered (+)-ver- 
apamil labelled with two deuterium atoms and 
unlabelled (-)-verapamil. The two enantiomers 
could subsequently be analysed separately in bio- 
logical samples using a gas-chromatography mass- 
spectroscopy analytical technique. Verapamil pro- 
tein binding has been studied in serum samples from 
these subjects prior to verapamil administration (in 
vitro study) and after both intravenous and oral 
dosing (e.~ vivo study). 

MATERIALS AND METHODS 

(+)- and (-)-verapamil and dideuterated (d2) (+)- 
verapamil were synthesised as previously described 
[ 111. Protein binding was determined by equilibrium 
dialysis at 37” using perspex dialysis cells separated 
by a Visking cellophane membrane (Serva, Hei- 
delberg, F.R.G.). Crystalline al-acid glycoprotein 
(0.55 g/L, Lot No. 26F-9330, Sigma Chemical Com- 
pany, St. Louis, U.S.A.) and crystalline human 
serum albumin (4Og/L, Lot No. 55F-9326, Sigma 
Chemical Company, St. Louis, U.S.A.) were recon- 
stituted in 0.067M pH7.4 Sorensen’s phosphate 
buffer. 

The binding of both the verapamil enantiomers to 
albumin, al-acid glycoprotein and fresh serum in 
vivo was initially studied over a wide range of 
concentrations. Pre-dialysis verapamil concentra- 
tions ranged from 0.055 to 22 PM (25 to 10,000 pg/ 
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L) and total equilibrium verapamil concentrations 
ranged between 0.04 and 17,uM (18 to 773Opg/L). 
For these experiments each unlabelled enantiomer 
was added separately to the protein solution. 

Verapamil protein binding was also studied in 
serum samples collected from five healthy male vol- 
unteers (aged 22 to 25 years) who were administered 
equimolar amounts of unlabelled (-)-verapamil and 
d,-( +)-verapamil. Protein binding was examined 
firstly by irt vitro addition of 0.44 nmol (200 ng) of 
both enantiomers to samples collected prior to ver- 
apamil dosing. Verapamil free fraction was deter- 
mined ex uiuo in serum samples collected after 
simultaneous oral administration of 175 pmol 
(80 mg) of d,( +)-verapamil and unlabelled (-)-ver- 
apamil and separate intravenous administration of 
11 pmol(5 mg) of each enantiomer. In these ex uivo 
samples verapamil concentrations up to 2.2 ,uM 
(1000 ng/ml) were present prior to equilibrium 
dialysis. 

Verapamil free fraction was determined by dia- 
lysing 1 ml of protein solution or serum containing 
verapamil against 1 ml of Sorensen’s phosphate 
buffer. After 16 hr of gentle shaking, the verapamil 
concentrations in suitable aliquots of both the protein 
and buffer solutions was measured. Both dZ- and 
unlabelled verapamil concentrations, which in the ex 
viva study corresponded to the concentrations of 
(+)- and (-)-verapamil respectively, were deter- 
mined using a gas chromatographic-mass spectro- 
scopic technique [ll, 131. Higher concentrations of 
unlabelled (+)- and (-)-verapamil used individually 
in the in vitro investigations were determined by 
high-performance liquid chromatography with 
fluorescence detection [ 141. The two assay tech- 
niques have been extensively characterised and veri- 
fied against each other [unpublished observation]. 
Protein concentrations in serum before and after 
dialysis were determined by the method of Lowry 
[15] to establish the magnitude of any shifts in volume 
during dialysis [16]. The concentration of &,-acid 
glycoprotein in the purified protein solution prepared 
was determined by radial immunodiffusion using M- 
Partigen plates (Behringwerke AG). The al-acid 
glycoprotein concentration measured (0.55 g/L) was 
only 75% of that anticipated (0.75 g/L). 

The free fraction of verapamil (fu) was calculated 
as the ratio of the concentration in the buffer com- 
partment (free) to that in the protein compartment 
(total). All experiments were performed in duplicate 
and the mean free fraction is reported. The meth- 
odology used was reproducible ([albumin] = 4Og/ 
L, [(+)-verapamil] = 0.15 PM, fu = 0.378 * 0.030, 
CV = 8.0%, n = 6). 

If saturation of protein binding was observed over 
a wide range of verapamil concentrations, the data 
were fitted using nonlinear least squares regression 
analysis [17] to the following expression [18] for i 
classes of binding sites, where Or is the molar free 
drug concentration, r is the ratio of the bound drug 
concentration to the molar concentration of protein, 
Ki is the Scatchard association constant for the ith 
class of binding sites and n, is the number of binding 
sites of that class per molecule of protein: 

’ niKiDf 
r=C 

;zl 1 + K,Df (1) 

The overall free fraction of (+)- and (-)-ver- 
apamil in protein solutions or serum is reported as 
the mean C SD. Differences were assessed using 
the Wilcoxon matched-pairs signed-ranks test or the 
Friedman two-way analysis of variance [ 191. A prob- 
ability of less than 0.05 was considered significant. 

RESULTS 

The free fraction of (+)- and (-)-verapamil in 
solutions of albumin, al-acid glycoprotein and 
human serum in vitro is given in Table 1. 

Albumin 

The binding of both enantiomers to albumin was 
independent of verapamil concentration. At all con- 
centrations the free fraction of (+)-verapamil 
(0.400 2 0.030) was substantially lower (P < 0.005) 
than the free fraction of (-)-verapamil 
(0.572 + 0.029), indicating that verapamil binding to 
albumin is stereoselective. The highest equilibrium 
concentration of both (+)- and (-)-verapamil did 
not appear to saturate albumin binding sites. These 
sites could therefore not be characterised in detail. 

&,-acid glycoprotein 

Both enantiomers were highly bound to cy,-acid 
glycoprotein (Table l), confirming that verapamil 
binds to this protein in the absence of albumin [4]. 
The free fraction of both (+)- and (-)-verapamil 
in solutions of cui-acid glycoprotein (0.55 g/L) was 
substantially lower than that observed in the albumin 
solution, indicating higher binding to the acute phase 
protein. Over the range of concentrations studied, 
the free fraction of (+)-verapamil was lower 
(P < 0.005) than (-)-verapamil and consequently 
the binding of verapamil with cYr-acid glycoprotein 
is stereoselective. At the higher equilibrium con- 
centrations of both enantiomers (>4 PM), verapamil 
free fraction increased with increasing concentration. 
The free fraction at equilibrium concentrations less 
than 4hM was independent of verapamil con- 
centration and for (+)- and (-)-verapamil was 
0.079 + 0.016 (N = 8) and 0.142 * 0.020 (N = 8) 
respectively. 

The binding of verapamil enantiomers with al-acid 
glycoprotein could be characterised further using 
Scatchard analysis [18] as saturable binding was 
observed. A model incorporating one, rather than 
two classes of cui-acid glycoprotein binding sites was 
more appropriate for fitting the data to Eqn (1). 
The relationships observed for both (+)- and (-)- 
verapamil are shown in Fig. 1. The number of binding 
sites determined was similar for (+)- and (-)-ver- 
apamil: 0.76 (Coefficient of variance 6.9%) and 0.77 
(6.1%), respectively. The affinity constant for (+)- 
verapamil, 1.21 PM-’ (coefficient of variance 
19.5%), was nearly double that of (-)-verapamil, 
0.74/N’ (15.4%). 

Fresh serum in vivo 

The binding of (+)- and (-)-verapamil in fresh 
serum in oitro also differed (Table 1). Over the entire 
range of concentrations studied, (+)-verapamil was 
more highly bound (P < 0.001) than the 
(-)enantiomer. The mean free fraction of (+)- and 
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Table 1. Free fraction (fu) of (+)- and (-)-verapamil (v) in solutions of purified human serum 
albumin (4Og/L), cut-acid glycoprotein (0.55g/L) and fresh human serum. Total pre-dialysis 
verapamil concentrations ranged from 0.055 to 22pM and total equilibrium verapamil con- 

centrations ranged from 0.04 to 17 PM 

Albumin cy,-acid glycoprotein Serum 
Pre-dialysis 

concentration Qv (;Jv (+)v (;iv (+)v 
pmol/L fu fu 

(;iv 

4625 

0.055 n.d.* n.d. 0.077 0.144 0.088 0.138 
0.110 0.391 0.619 0.052 0.118 0.089 0.115 
0.220 0.427 0.539 0.104 0.125 0.102 0.123 
0.440 0.421 0.570 0.073 0.132 0.089 0.139 
1.100 0.411 0.549 0.068 0.148 0.085 0.138 
1.650 0.378 0.542 0.078 0.159 n.d. n.d. 
2.200 0.332 0.609 0.092 0.180 0.092 0.140 
5.500 0.383 0.568 0.086 0.131 0.107 0.134 

11.00 0.407 0.548 0.156 0.198 0.105 0.141 
16.50 0.430 0.598 0.233 0.270 n.d. n.d. 
22.00 0.415 0.577 0.298 0.367 0.139 0.202 

* Not determined. 

.” i 4 1.1 I 

Free Vera~amil Concentration UH 

Fig. 1. The binding of (+)-(0) and (-)-(+) verapamil to 
purified &,-acid glycoprotein (0.55 g/L). Pre-dialysis ver- 
apamil concentrations ranged from 0.1 to 22 PM and free 
verapamil concentrations at the end of dialysis ranged 
from 0.003 to 4.7 PM. The curves shown are the binding 
isotherms obtained using Eqn (1) and assuming one class of 
cu,-acid glycoprotein binding sites. From these relationships 
the number of binding sites per mole of cu,-acid glycoprotein 
and the association constants for (+)- and (-)-verapamil 
were calculated. The number of moles of verapamil bound 

per mole of cu,-acid glycoprotein is designated r. 

(-)-verapamil at concentrations less than 10 PM was 
0.096 k 0.009 and 0.136 -t 0.006 respectively. At 
therapeutic verapamil concentrations the free frac- 
tions of both enantiomers were similar in serum and 
solutions of WI-acid glycoprotein (Table 1). 
However, unlike the binding of verapamil with (Ye- 
acid glycoprotein, the free fraction in serum 
increased only at the highest equilibrium verapamil 
concentration (16 PM), suggesting that serum bind- 
ing sites were not as readily saturated. 

Ex vivo study 

The free fractions of (+)-verapamil and (-)-ver- 
apamil in the serum of five volunteers prior to and 
following oral and intravenous administration of 
equal amounts of labelled (+)-verapamil and 

unlabelled (-)-verapamil are given in Table 2. In all 
serum samples the free fraction of (-)-verapamil 
was higher (P < 0.05) than that of (+)-verapamil. 
Following in vitro addition of 0.44 nmol of pseu- 
doracemic verapamil to predose serum, the free frac- 
tion of (+)-verapamil (0.066 -C 0.011) was lower 
(P < 0.05) than that of (-)-verapamil 
(0.120 ? 0.020). The in vitro serum binding of the 
individual enantiomers when added together in 
serum as pseudoracemic verapamil is the same as 
that determined previously in uitro with the isolated 
enantiomers. The binding ex vivo in each subject 
following separate intravenous administration of the 
enantiomers [( +)-verapami10.064 2 0.011, (-)-ver- 
apamil 0.120 -t 0.0221 is also identical with that 
observed in vitro in the same subject using pseu- 
doracemic verapamil. However following oral 
administration of the drug the free fraction of both 
(+)-verapamil (0.130 2 0.022) and (-)-verapamil 
(0.226 * 0.032) was substantially greater (P < 0.05). 

DISCUSSION 

Stereoselective verapamil binding has been 
observed in serum in vitro and ex vivo and in solu- 
tions of purified @,-acid glycoprotein and albumin. 
The free fraction of the pharmacologically more 
potent (-)-verapamil is always greater than that of 
(+)-verapamil and for both enantiomers is inde- 
pendent of verapamil concentration over the thera- 
peutic range. The binding of the individual 
enantiomers within this concentration range is the 
same for both (+)- and (-)-verapamil when studied 
either separately or as the pseudoracemate. Conse- 
quently the binding of each individual enantiomer is 
not affected by the presence of the other enantiomer. 
The free fraction of both enantiomers observed in 
serum from five subjects ex oiuo after intravenous 
administration (Table 2) or in the in vitro studies 
(Table 1) is similar to that noted previously ex viuo 
[ll] in healthy subjects following the intravenous 
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Table 2. Serum protein binding of d,(+)-verapamil[(+)V] and (-) -verapamil[( -)V] in healthy 
subjects following in vitro addition of pseudoracemic verapamil to predose serum and ex uivo 

in samples collected after both intravenous and oral administration of both enantiomers 

Subject 

Predose Intravenous Oral 
in vitro ex viva en vivo 

(-t)V (-)V (+)V (-)V (+)V f-)V 

TK 0.07 0.11 0.05 0.09 0.14 0.23 
ML 0.07 0.15 0.06 0.13 0.13 0.21 
PE 0.08 0.13 0.08 0.15 0.10 0.21 
JS 0.05 0.11 0.06 0.12 0.16 0.28 
CL 0.06 0.10 0.07 0.11 0.12 0.20 

Mean 0.07 0.12 0.06 0.12 0.13 0.23 
ISD 0.01 0.02 0.01 0.02 0.02 0.03 

administration of (+)-verapamil (fu = 0.063 t 
0.022) and (-)-verapamil (fu = 0.115 * 
0.016). The lower serum binding of (-)-verapamil 
presumably contributes to the larger volume of 
distribution of this enantiomer [ll]. 

The binding of verapamil with albumin is not 
saturable over the range of concentrations studied, 
suggesting that the binding sites are of high capacity 
and relatively low affinity. Enantioselective albumin 
binding of both acidic and basic drugs has been 
reported previously [2]. Both verapamil enantiomers 
are bound to a greater extent to at-acid glycoprotein 
than albumin and the binding sites on the acute phase 
protein could be characterised in further detail. The 
number of binding sites for both (+)- and (-)- 
verapamil was similar (0.76). A noninteger number 
of binding sites on the al-acid glycoprotein molecule 
has been previously observed for other basic com- 
pounds including imipramine [20] and Iignocaine 
[21]. Present data suggest that basic drugs bind to a 
single common binding site on the al-acid gly- 
coprotein molecule [22] and the verapamil data 
substantiate results with propranolol and diso- 
pyramide which indicate that drug binding to this 
site can be stereoselective [23-251. The binding affin- 
ity for (+)-verapamil was greater than that of the 
(-) enantiomer. 

Using the mean data of the observations from the 
in uitro investigations, the ratio of the free fraction 
to the bound fraction, of the more highly relative to 
the more weekly bound isomer was calcutated. The 
enantioselective ratio was similar for verapamil bind- 
ing with albumin (2.01) and &t-acid glycoprotein 
(1.97); however, it was lower in fresh serum (1.47). 
The lower ratio observed in fresh serum suggests 
that factors in addition to albumin and at-acid gly- 
coprotein concentrations influence verapamil serum 
binding. For example verapamil may associate with 
further proteins, such as lipoproteins [6], in a non- 
stereoselective manner. 

For both enantiomers the free fraction in serum is 
similar in the same subject when determined after in 
vitro addition or ex uivo after intravenous adminis- 
tration; however, the free fraction is higher after oral 
administration (Table 2). As extensive verapamil 
metabolism occurs during absorption and the first- 
pass through the liver, verapamil metaboiites are 

formed in greater amounts following oral adminis- 
tration [3]_ The protein binding of only a small num- 
ber of verapamil metabolites has been examined 
14, S]. ~o~erapamil appears not to influence the 
binding of verapamil; however, other metabolites 
have not been studied in detaii. It is apparent, 
however, that the free fraction of verapamil deter- 
mined either in vitro or ex vivo following intravenous 
administration does not represent the free fraction 
following oral drug administration. Verapamil free 
fraction should therefore be determined ex viuo in 
samples obtained from subjects during adminis- 
tration of the dosage form being studied. Verapamil 
free fraction cannot be extrapolated from data 
obtained in the same subject using other routes of 
administration. The addition factors which influence 
verapamil binding after oral therapy have as yet to 
be identified; however, higher serum concentrations 
of verapamil metabolites following oral drug 
administration may be responsible. 
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