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Abstract--Stereoselective binding of rat-acenocoumarol to human serum albumin (HSA) and or-acid 
glycoprotein ((u~-AGP) was investigated by affinity chromatography and by combined ultrafiltration 
(UF) and circular dichroism (CD) methods. For HSA, the ratio of the enantiometrie constants was 
KR/Ks = 2, while for a,-AGP, Ks/KR = 3. 

Acenowumarol is an anticoagulant used as a race- 
mate like other chiral4-hydroxycoumarin derivatives 
(e.g. warfarin, phenprocoumon}, but unlike them its 
(R)~nantiomer proved to be more potent than the 
(~)-stereoisomer [lf _ This discrepancy was explained 
by the rapid eIimination and high clearance (21 of 
the int~nsicaily more active (~-acenocoum~ol 131. 
In rat plasma no significant difference was measured 
[3] between the binding of the enantiomers. rat- 
Acenocoumarol and rat-warfarin were found [4] to 
have high affinities both to human serum albumin 
(HSA) and to &,-acid glycoprotein ((u,-AGP). While 
the binding of warfarin enantiomers both to HSA [5] 
and to at-AGP [6] has been investigated indicating 
a slight preference for the (S)-enantiomer, we found 
no information for the binding of acenocoumarol 
enantiomers. The simple experimental methods used 
in this work allow unambiguous determination of the 
binding stereoselectivity. 
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MADRAS AND METHODS 

rat-Acenocoumarol was obtained from Alkaloida 
Chemical Factory (Tiszavasvltri, Hungary). Its reso- 
lution was made through its quinidine salt [7] leading 
to (-)-(s)-acenocoumaroi. The (f)-(R)-enantiomer 
was prepared via crystallization of the quinine salt 
by analogy to (+)-(R)-warfarin [SJ with the fina 
recrystallization made from ethanol. The optical 
purities of the enantiomers were checked by CD- 
spectra shown in Fig. 1. The spectrum obtained in 
ethanol is in good agreement with those data 
obtained in methanol [7]. Binding experiments were 
made in Ringer buffer pH:7.4 containing 0.01% 
sodium azide, at room temperature. All forms of 
acenocoumarol were dissolved in NaOH, so they 

t To whom correspondence should be addressed. 

Fig. 1. CD-spectra of (R)-acenocoumarol in ethanol (dotted 
line) and in Ringer buffer (pH: 7.4). 

existed as sodium salts. When the drug solution was 
prepared with buffer containing 1% of ethanol, the 
CD-spectra and the binding data did not change. rac- 
Warfarin was purchased from Sigma Chemical Co. 
(St. Louis, MO) and resolved into its enantiomers 
as described 181. HSA (fatty acid free) and at-AGP 
were obtained from Miles Labs (Elkha~, IN) and 
Sigma, respectively. 

Binding studies by affinity chromatography were 
performed following the method of Lagercrantz et 
al. [9]. HSA in about 1% was immobilized on CNBr- 
activated Sepharose 4B (Pharmacia Fine Chemicals, 
Uppsala, Sweden). Elution volumes (V,) were 
measured by UV detection. 

Ultrafiltrations were carried out in Amicon 10 cells 
using PM 10 membranes. The concentration of the 
free drugs in the filtrate was determined by UV 
spectroscopy (Am = 2.2 x lo4 M-* cm-l). 

Circular dichroism spectra were taken on a Rous- 
self-Jouan (Jobin-Yvon, Longjumeau* France) 
Dichrograph No. III. 

Quantitative determination of the binding stereo- 
selectivity was carried out as described ([lo], cf. Eqns 
(l)-(3)). The experimental parameters were the 
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degree of dissociation for the racemate (q,, = crree/ 
ligand in the c&J and the optical purity of the 

ultrafiltrate (&). 

es = a;,, (1 - &) 

cek = ru,,, (1 + L;i) 

KR *s (1 - @RI 
-= 
KS *R (1 - as) 

The l$ values were calculated from 
values of the pure enantiomers obtained in the same 
buffer (cf. Fig. 1) at 320nm. 

RESULTS 

Figure 2 shows the elution profile of rue-aceno- 
coumarol on a short HSA-Sepharose column. The 
resolution indicates stereoselective binding. The 
assignment of the peaks were done with resolved 
enantiomers and their binding affinities (K) were 
estimated by comparing the elution volumes of stand- 
ard compounds with known association constants. 
Data collected in Table 1 indicate that (Qaceno- 
coumarol has the higher binding affinity and the 
stereoselectivity factor (KR/Ks) is about 2. It can 
also be seen that the stereoselectivity is much smaller 
for the warfarin enantiomers which elute in reversed 
order (KS > x”). 

Binding to HSA and aI-AGF studied by combined 
UF-CD rnetb~d 

In Tables 2 and 3 the free ligand ratio and optical 

50 V,, ml 

Fig. 2. Elution profile of rat-acenocoumarol on a WSA- 
Sepharose column (V,: 4.5 ml). 

purity values are collected for the ultra~ltrates of 
sac-a~no~oumarol with HSA and at-AGP, respect- 
ively. The stereoselectivities calculated according to 
Eqns (l)-(3) are also given Figures 3 and 4 show 
CD-spectra of ultrafiltrates (i.e. free ligands) 
obtained from solutions containing rue- 
acenocoumarol as well as HSA or ai-AGP, respect- 
ively. It is striking that they are in mirror image 
relation. According to the CD-spectra of the pure 
enantiomers (Fig. 1) the HSA filtrate indicates an 
enantiomeric excess for the free molecules of (S)- 
configuration. It is in agreement with the results 
obtained by the ~hromatographic method that 
already demonstrated (~)-aceno~oumarol to have 
the higher affinity to HSA. In the case of the crt- 
AGP filtrate, the molecules of (~)-con~guration are 
in excess, i.e. (S)-acenoco~~marol is of the higher 
affinity. In Tables 2 and 3 data of the free ligand 

Table I. Efution volumes and corresponding association constants on an HSA- 
Sepharose column (V,,, - 3 ml) 

Compounds V, (ml) K (M-‘) Ref. 

Solvent 
(R)-Uxaxepam acetate 
(~~-~x~epam acetate 
Diazepam 
(~~)-Warfa~n 
(~)-Warfa~u 
(~)-Warfarin 
(~~-Acenocoumarol 
(S)-Acenocoumarol 

2: 
23:5 
45 
45 
40 
52 
41 
25 

1.1 x lo4 
5.5 x lo4 
1.8 x 10s 
2.1 x IO5 
1.5 x 10s 
2.4 x 10’ 
1.6 x lo5 
6.5 x 104 

WI 

[g 

~s~~~ted 
Estimated 
Estimated 
Estimated 

Table 2. Binding stereoselectivity of acenocoumarol to Table 3. Binding selectivity of acenocoumarol to q-AGP 
HSA determined by combined UF-CD method from the determined by combined UF-CD method from the degree 

degree of dissociation, and optical purity in the filtrate of dissociation, and optical purity in the filtrate 

G#c 
(IO-* M) 

KR 

(at3&nm) ii” 
CAGP 

(IO-’ M) 
B 

at 320 rim 

5.7 3.0 0.39 -0.24 2.2 5.0 5.0 0.50 +0.26 2.9 
5.0 5.0 0.21 -0.30 2.1 5.7 5.8 0.52 +0.33 4.1 
2.5 2.5 0.32 -0.21 1.3 10.0 10.0 0.45 +0.28 2.9 
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Fig. 3. CD-spectra of the ultrafiltrate (cr = 2.2 x IO-’ M) of 
rat-acenocoumarol (c,, = 5.7 x 10-j M) and HSA (en, = 

3 x 10-SM). 
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Fig. 4. CD-spectra of the ultrafiltrate (ct = 2.5 X 10e5 M) 
of rut-acenocoumarol (c,~, = 5 x 10e5 M) and or-AGP 

(cAop = 5 x 1O-5 M). 

ratios and of the optical purities measured for the 
ultrafiltrates of rut-acenocoumarol as well as HSA 
and a,-AGP, respectively, are collected; the ster- 
eoselectivities calculated according to Eqns (l)-(3) 
are also 

P 
iven. It can be seen that for HSA, values 

of KR/K - 2 were obtained, while for LYE-AGP, 
Ks/KR - 3-4. Similar experiments were done with 
rut-warfarin but neither HSA, nor ai-AGP filtrate 
had significant optical activity, i.e. the binding ster- 
eoselectivity is very small to be detected by this 
method. Separate UP experiments performed with 
[14C]warfarin enantiomers showed no significant dif- 
ferences in their binding to (u,-AGP either. In dis- 
placement studies (61 (S)-warfarin was found to have 
somewhat higher affinity to or-AGP. It should be 
noted that our binding data obtained for the binding 
of both rat-acenocoumarol and rut-warfarin to ~yr- 
AGP correspond to lower association constants (3- 
5 X lo4 M-‘) than previously reported (2 x lo5 M-‘) 
[4,13]. It may be the consequence of differences in 
the quality of the protein. 

DISCUSSION 

Inverse stereoselectivity in serum protein binding 
has been reported [14,lS] for propranolol, where 

the enantiomeric ratio of unbound drug in human 
plasma proved that the effect of a,-AGP dominated 
over HSA. In the case of rat-acenocoumarol, the 
binding to HSA is expected to prevail since both its 
physiolo~cal concentration and binding affinity are 
much higher compared with (rr-AGP. Urien et al. [4] 
who measured similarly high binding constants for 
the binding of rut-acenocoumarol to HSA and (or- 
AGP, estimated that in plasma, only about 10% of 
the bound drug belongs to tu,-AGP. The sensitivity 
of the CD-method we used is not high enough to 
detect the optical activity of this highly bound drug 
in serum filtrate. 

Apart from any clinical consequences, the phe- 
nomenon that a chiral drug might have reversed 
binding enantioselectivity on different serum com- 
ponents calls attention to the possibility that an over- 
all lack of enantioselectivity might be the result of 
selective molecular events of opposite sign. Since 
the enantioselectivities published for the binding of 
drugs to g-AGP have been generally low [5,6], 
the difference between acenocoumarol enantiomers 
presented here seems to be the greatest found so far. 

Ackno~~~dge~en~-rat-A~n~oumarol (Syn~urna~~ 
was kindly donated by Dr Vilmos Galamb of Alkaloida 
Chemical Factory (Tiszavasvari, Hungary). This work was 
supported by a project No. OTKA 1021. 
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