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SUMMARY 

The mechanism of interaction of the non-steroidal anti-inflam-
matory drugs, etoricoxib and parecoxib sodium, with human serum 
albumin (HSA) was studied using fluorescence spectroscopy. There 
was only one class of binding site with association constants of the 
order of 104. Thermodynamic parameters suggest that van der Waals 
and hydrogen bonding interactions in the case of etoricoxib, and 
electrostatic and hydrogen bonding interactions in the case of 
parecoxib sodium, are predominantly involved in the binding. Studies 
in the presence of the hydrophobic probe, 1-anilinonaphthalene-8-
sulfonate (ANS), showed that hydrophobic interactions are not 
involved in the binding of these drugs to HSA. Displacement studies 
using the site-specific probe, dansylsarcosine piperidinium salt (DSS), 
showed that the drugs are bound at site II on the HSA molecule. 
However, etoricoxib and parecoxib sodium are bound at different 
regions within site II. Increase of pH and the presence of salt caused 
significant changes in the association constants and the concentration 
of free pharmacologically active drug. Stern-Volmer analysis of the 
binding data indicated that the tryptophan residues of albumin are not 
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fully accessible to anionic parecoxib sodium and a predominantly 
static quenching mechanism is operative in each case. 
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INTRODUCTION 

Serum albumin, the most abundant protein in blood plasma, serves 
as a transport and depot protein for numerous endogenous and 
exogenous compounds due to its unique ligand-binding capabilities. 
Most of the drugs which enter the blood circulation bind to varying 
degrees with human serum albumin (HSA). The mechanism of 
binding of drugs to plasma proteins has important pharmacokinetic 
and pharmacodynamic implications since only the free drug is 
pharmacologically active /1,2/. The degree of protein binding affects 
the absorption, distribution, biotransformation and excretion of drugs. 
The effect is especially significant for highly protein-bound drugs, 
where only a small alteration in bound fraction can produce a pro-
found change in the pharmacodynamically active free drug concen-
tration /3,4/. A large number of reports have been published in recent 
years on various aspects of this problem 15,61. 

Etoricoxib and parecoxib sodium are non-steroidal anti-inflam-
matory drugs (NSAIDs) which are selective COX-2 inhibitors /7,8/. 
They are more than 90% bound, primarily to serum albumin which 
serves as a storehouse for the drug, and it is the unbound moiety that is 
pharmacologically active. We recently reported the molecular basis of 
the interaction of COX-2 inhibitors, meloxicam and nimesulide, with 
HSA 191. There appears to be no such report on etoricoxib and 
parecoxib sodium. We report a study on the mechanism of interaction 
and detailed physicochemical characterization of the binding of 
etoricoxib and parecoxib sodium to HSA using fluorescence spectro-
scopy. The results are discussed in terms of the binding parameters 
under different environmental conditions, the thermodynamics of the 
binding process, the nature of forces involved in the interaction, 
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identification of the binding site, and the fluorescence quenching 
mechanism involved. 

MATERIALS AND METHODS 

Pure samples of etoricoxib and parecoxib sodium were obtained as 
a gift from Virdev Intermediates Pvt. Ltd., Surat, India. HS A and 
fluorescent probes, l-anilinonaphthalene-8-sulfonate (ANS) and 
dansylsarcosine piperidinium salt (DSS), were purchased from Sigma 
Chemical Co., St. Louis, MO, USA. All other reagents were of 
analytical grade. Water used was double distilled in all glass 
apparatus. HSA solutions were prepared based on molecular weight of 
66,500 Daltons. All experiments were carried out in 0.1 Μ phosphate 
buffer using fluorescence spectroscopy. A Perkin Elmer fluorescence 
spectrophotometer (MPF 44B) equipped with a 150 W xenon lamp 
source was used. 

Drug-albumin binding 

For the determination of binding parameters, 2 ml of 10 μΜ HSA 
solution was taken in a quartz cell and increasing amounts of drug 
stock solution (200 μΜ in the case of etoricoxib and 500 μΜ in the 
case of parecoxib sodium) were added. Due to the limited solubility of 
etoricoxib in phosphate buffer (pH 7.4), drug stock solution was 
prepared using 10% DMSO as co-solvent. The concentration of 
DMSO in the final mixture was not more than 2.5%. HSA con-
centration was kept fixed at 10 μΜ by adding the same volume of 20 
μΜ HSA solution to the cell. The final drug concentration was in the 
range 5-50 μΜ in the case of etoricoxib and 5-100 μΜ in the case of 
parecoxib sodium. Fluorescence spectra were recorded in the range 
300-400 nm after excitation at 296 nm in each case. Intrinsic 
fluorescence of protein was measured at 334 nm. The drugs did not 
have any fluorescence at the emission wavelength of protein. No 
correction for inner filter effect was applied in the case of parecoxib 
sodium since the drug-protein mixture had very low absorbance (less 
than 0.10) at the excitation and emission wavelengths. In the case of 
etoricoxib, the fluorescence data were corrected for inner filter effect 
/10/ using equation (1): 

Fcorr = Fobs antilog(ODex + ODem)/2 (1) 
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where Fcorr and F0bs are the corrected and observed fluorescence 
intensity, and ODex and ODem are the optical density of the sample at 
the excitation and emission wavelengths, respectively. 

The stoichiometry of interaction was determined by the method 
of continuous variations /11,12/. The fluorescence change (AF = 
Fprotein+drug - Fprotein) of a series of protein-drug mixtures was measured 
under such conditions that the total concentration of drug plus protein 
was held constant at 10 μΜ but the respective mole fraction of each 
was varied. AF was plotted against the mole fraction of drug (Job's 
plot) and the stoichiometry of binding was obtained from the 
maximum in the plot in each case. 

Data analysis 

Data were analysed as follows using Ward's method /13/. The 
fractional occupancy of the total protein binding sites by drug was 
obtained from the ratio, θ = AF/AFmax /14,15/, where AF = Fo - F. Fo 
and F are the fluorescence intensities of serum albumin in the absence 
and presence of drug, respectively. AFmax values were obtained from 
the double reciprocal (l/AF versus 1/Dt) plots. 

If Pt is the total protein concentration and η is the number of 
binding sites, the total number of sites on protein is given by nPt and 
the concentration of bound sites on protein is given by n0Pt /13/, 
which is also equal to the concentration of the bound drug (Db). Df, the 
number of moles of free drug, was obtained from the difference, 
Dt - Db, where Dt is the total drug added. The amount bound was 
expressed as moles of drug bound per mole protein, r (= Db/Pt). The 
binding parameters were computed directly by fitting the experimental 
data (r and Df values) to the following general equation (Scatchard 
equation) using an iterative non-linear least squares regression 
program developed for this purpose: 

i=m 

τ = Σ nj Kj Df / 1 + Kj Df (2) 
f = ! 

Data are reported as means ± SEM (three measurements). The 
percentage of drug bound (ß = Db/Dt χ 100) was calculated from the 
association constants using the relationship, β = {[Pt]/([Pt] + (1/Ka) + 
[Df])} χ 100/16/. 
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Thermodynamic parameters for drug-protein interaction were 
determined for both drugs at pH 7.4, from the experiments conducted 
at three different temperatures, 27°C, 32°C and 37°C, using equations 
(3) and (4): 

AG0 = -RT In Κ (3) 

In Κ = - AH°/RT + AS°/R (4) 

In Κ versus 1/T plots were used to calculate the standard enthalpy 
change AH0 and standard entropy change AS0 for the binding process. 
To study the effect of ionic strength on binding parameters, the data at 
37°C were also obtained in the presence of 0.15 Μ NaCl. 

The percentage of free drug (a = Df/Dt χ 100) was calculated from 
the dissociation constants for drug-protein complex (Kj = 1/Ka) using 
the relationship, (Kd + Df)/{[Pt] + Kd + [Df]} χ 100 /16/. 

Drug-HSA interaction in the presence of fluorescent probes 

Hydrophobic probe, ANS 

Experiments were also carried out in the presence of the hydro-
phobic probe, ANS. In the first set of experiments, interaction of drugs 
and ANS with HSA was studied under identical conditions. The HSA 
concentration was kept fixed at 10 μΜ, and ANS/drug concentration 
was varied from 1 to 11 μΜ. Fluorescence of HSA was recorded at 
334 nm after excitation at 296 nm. In the second set of experiments,' 
an increasing amount of drug (1-60 μΜ) was added to equimolar 
HSA-ANS mixture (10 μΜ each) and the fluorescence of ANS was 
recorded at 470 nm after excitation at 370 nm. The concentration of 
the HSA-ANS mixture was kept fixed at 10 μΜ each by adding the 
same volume of albumin-ANS/albumin-drug mixture (20 μΜ each) to 
the cell. 

Site-selective probe 

Fluorescence probe displacement experiments were carried out 
using the site II-selective probe, dansylsarcosine (DSS). The fluores-
cence of the probe was measured at 27°C in the probe-HSA mixture 
(1:1,5 μΜ each) before and after the addition of drug (4-56 μΜ). DSS 
fluorescence was measured at 480 nm after excitation at 350 nm. The 
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probe to HSA ratio was kept at 1:1 in order to keep the non-specific 
binding of the probe to a minimum. 

RESULTS AND DISCUSSION 

Drug-serum albumin interaction 

HSA is a single-chain protein containing 585 amino acids and has 
an isoelectric point of 4.7. The protein has three homologous domains 
(I-III), and each of these is comprised of two subdomains (A and B). It 
contains a single tryptophan residue at position 214 in subdomain IIA 
/17/. Intrinsic fluorescence of HSA is usually measured by selectively 
exciting the tryptophan residues at 296 nm. Etoricoxib, a pyridine 
diaryl-substituted COX-2 inhibitor, is a weakly basic drug with pKa 

3.68, and parecoxib sodium with an isoxazolyl central ring system is 
an anionic drug with pKa 4.81 (Table 1). The structures of etoricoxib 
and parecoxib sodium are shown in Figure 1. 

Perturbation of intrinsic protein fluorescence on drug binding was 
monitored. Both drugs were found to quench the intrinsic fluorescence 
of HSA. However, there was no observable shift in the wavelength for 
maximum emission. The stoichiometry of interaction, determined by 
the method of continuous variations /11,12/, was found to be 1:1 in the 
case of both etoricoxib and parecoxib sodium. As a representative 
example, the Job's plot for the etoricoxib-HSA system at 37°C and pH 
7.4 is shown in Figure 2. 

The experimental data could be fitted into an equation for only one 
class of binding sites (m = 1). The association constant (K) was of the 
order of 104 and the number of binding sites was close to one in the 
case of both drugs (Table 2). The values reported in the literature for 
other NSAIDs are also in the range 104-106 /12,18,19/. The percentage 
of drug bound at different drug:protein ratios is shown in Figure 3. At 
low drug:protein ratios, a significant fraction of the added drug was 
bound in each case. It may be mentioned that low drug:protein ratios 
are frequently encountered in the physiological system, since the 
serum albumin concentration in blood is very large (0.53-0.75 mM). 

Some physico-chemical properties of the drugs are given in Table 
1. pKa values for the drugs show that etoricoxib (a basic drug) exists 
in predominantly unionised form and parecoxib sodium (an acidic 
drug) exists in predominantly ionised form at physiological pH. 
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TABLE 1 

Some physico-chemical properties of etoricoxib and parecoxib sodium 

Etoricoxib Parecoxib sodium 

p K / 3.68 4.81 

Partition coefficient (logD)*" 2.22 0.82 

Total polar surface area (TPSA)" 59.926 89.272 

Molar volume* 276.4 -

Η bond acceptors" 5 6 

Η bond donors" 0 1 

* Calculated using software ACD/I-Lab. 
** Calculated using software molinspiration. 
*** Experimentally determined at pH 7.4 using shake flask method. 

TABLE 2 

Association constants for the interaction of etoricoxib and parecoxib 
sodium with human serum albumin at pH 7.4 at different temperatures 

Temperature Association constant 
(°K) ( Κ , ) χ 10"4 Μ 1 

Etoricoxib Parecoxib sodium 

293.15 9.878 ±0 .125 

300.15 4.783 ± 0.025 7.582 ±0 .052 

305.15 3.748 ±0.183 6.479 ±0 .100 

310.15 3.079 ±0 .095 5.524 ± 0.101 

* Data could not be obtained due to low solubility of etoricoxib at 293.15°K 
in phosphate buffer (pH 7.4). 
Data are reported as means ± SEM (three measurements). 
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Etoricoxib Parecoxib sodium 

Fig. 1: Structures of etoricoxib and parecoxib sodium. 

Fig. 2: Job ' s plot for etoricoxib-HSA system. 

Higher log D values and lower total polar surface area (TPSA) values 
in the case of etoricoxib as compared to parecoxib sodium also show 
that etoricoxib is more hydrophobic than parecoxib sodium. However, 
the binding constant for etoricoxib was found to be smaller than that 
for parecoxib sodium, indicating that hydrophobic interactions may 
not be involved in the binding of these drugs to HSA. A further insight 
into the nature of the interaction involved could be obtained from the 
thermodynamic parameters for the binding equilibrium. 
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etoricoxib — • — parecoxib sodium 

0 2 4 6 8 

D./P, 
1 

Fig. 3: Percentage of etoricoxib and parecoxib sodium bound to HSA at 37°C. 

Effect of temperature 

There was no change in the number of binding sites with increase 
in temperature, indicating that increase of temperature does not cause 
any major structural changes in the protein molecule. Association 
constants were found to decrease with increase in temperature in the 
case of both drugs. Thermodynamic parameters, AG0, ΔΗ0 and AS0, 
for the interaction of etoricoxib and parecoxib sodium with HSA are 
given in Table 3. High negative AG0 values show spontaneity of the 
binding process. The enthalpy change (AH0) had high negative values 
in the case of both drugs, while the entropy change (AS0) had a large 
negative value in the case of etoricoxib and a small positive value in 
the case of parecoxib sodium. Since etoricoxib is unionized at pH 7.4, 
the possibility of electrostatic interactions is ruled out /20/. High 
negative AH0 and high negative AS0 values in the case of etoricoxib 
suggest the involvement of van der Waals and hydrogen bonding 
interactions /21,22/. Parecoxib sodium, on the other hand, is anionic at 
pH 7.4. Although at pH 7.4 the net charge on the protein is negative, 
the HSA molecule has about 80 positively charged groups, and since 
the surface of the protein is greater than that of the drug, local electro-
static interactions can occur. For purely electrostatic interactions, AH0 

is very small /23/. High negative AH0 values and small positive AS0 
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TABLE 3 

Thermodynamic parameters for the interaction of etoricoxib 
and parecoxib sodium with human serum albumin 

Thermodynamic Etoricoxib Parecoxib sodium 
parameter 

AG 0 (kJ/mol)* -26.654 -28.162 

AH 0 (kJ/mol) -33.952 -25.749 

AS0 (J/mol) -23.576 +7.743 

* AG0 values were calculated at 37°C. 

values in the case of parecoxib sodium indicate the involvement of 
both electrostatic and hydrogen bonding interactions /24,25/. Small 
positive AS0 values do not indicate hydrophobic interactions, since 
hydrophobic interactions are known to be endothermic 1261. It may be 
mentioned that both drugs are capable of hydrogen bond formation 
since they contain a large number of hydrogen bond acceptors 
(Table 1). 

Binding studies in the presence of fluorescence probes 

Hydrophobic probe, ANS 

In order to further understand the nature of the interaction 
involved, studies were also carried out in the presence of the hydro-
phobic probe, ANS /27,28/. In the first set of experiments, the 
quenching of HSA fluorescence by drugs and ANS was determined 
under identical conditions. Both drugs and ANS quench the fluores-
cence of albumin. However, the extent of quenching by drugs was 
about half that of ANS in the case of both drugs (Fig. 4). The 
percentage quenching was about 45% in the case of ANS and about 
20-22% in the case of parecoxib sodium and etoricoxib, under 
identical conditions. These results show that drugs and ANS do not 
share a common site in HSA. 

In another set of experiments, ANS fluorescence was measured. 
When an increasing amount of drug (1-60 μΜ) was added to a fixed 
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Fig. 4: Quenching of HSA fluorescence by ANS and drugs under identical condi-
tions. 

concentration of HSA-ANS mixture (10 μΜ each), there was no 
change in the fluorescence of ANS in the case of etoricoxib and a 
small decrease in fluorescence of ANS in the case of parecoxib 
sodium. Relative fluorescence intensity (F/Fo, where F and F0 are the 
fluorescence intensity of ANS in the HSA-ANS system, in the 
presence and absence of drug) was plotted against the concentration of 
drug (Fig. 5). It is known that the hydrophobic probe, ANS, shows 
greatly increased fluorescence as a result of hydrophobic interaction 
with proteins and other macromolecules, due to the transfer of the 
probe from an aqueous to a non-polar environment /27,28/. The drug 
when added to the HSA-ANS system can compete with ANS for 
hydrophobic sites on the surface. In that case it would inhibit the 
binding of ANS, i.e., displace ANS from its binding site, and the 
fluorescence intensity should decrease. This happened in the case of 
parecoxib sodium. However, the percentage displacement was very 
small, only about 5%. In the case of etoricoxib, there was no 
displacement of ANS. Thus, from the studies carried out in the 
presence of the hydrophobic probe, ANS, it was concluded that 
hydrophobic interactions are not primarily involved in the binding of 
these drugs to HSA. 
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D, (μΜ) 

Fig. 5: Displacement of fluorescent probes from HSA by drugs, ο = ANS-
etoricoxib; · = DSS-etoricoxib; Δ = ANS-parecoxib sodium; A = DSS-
parecoxib sodium. 

Site-selective probe 

In the case of both etoricoxib and parecoxib sodium, the addition 
of increasing amounts of drug to the HSA-DSS mixture resulted in 
decrease of DSS fluorescence, thus indicating that the drugs displace 
DSS from its binding site /29,30/. Relative fluorescence intensity 
(F/Fo, where F and Fo are the fluorescence intensity of DSS in HSA-
DSS system, in the presence and absence of drug) was plotted against 
the concentration of drug (Fig. 5). The percentage displacement was 
about 66% in the case of etoricoxib and only about 28% in the case of 
parecoxib sodium at the highest drug concentration used (-55 μΜ). 
High percentage displacement in the case of etoricoxib showed that 
etoricoxib is bound to site II in the HSA molecule. Only 28% 
displacement in the case of parecoxib sodium, however, showed that 
parecoxib sodium and DSS bind at different regions within site II. 
Maximum displacement was also calculated from the linear double 
reciprocal plot (1/displacement versus 1/drug concentration). Maxi-
mum displacement was nearly 100% in the case of etoricoxib and 65% 
in the case of parecoxib sodium. 

Crystallographic analyses have assigned site II in HSA to sub-
domain IIIA, and among the individual amino acid residues in this 

36 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:12 AM



Ν. Seedher and S. Bhatia Drug Metabolism and Drug Interactions 

subdomain, 410Arg and 411Tyr are usually assumed to be important 
/20,31/. Most NSAIDs of arylpropionic acid type which possess a 
carboxylate at the end of an extended hydrophobic molecule (e.g. 
ketoprofen, ibuprofen and flufenamic acid) are bound to site II /32-
34/. However, Watanabe et al. /35/ have shown that a carboxyl group 
is not obligatory for binding to site II, because diazepam, a basic drug 
that exists mainly in unionised form at neutral pH, also binds with 
high affinity to this site. It has been suggested that in site II, the 
guanidine moiety of 410Arg, the phenolic oxygen and the aromatic ring 
of 4 1 lTyr are important for drug binding. The drugs possessing a 
carboxyl group probably interact electrostatically with the guanidino 
moiety, while the phenolic oxygen makes a hydrogen bond with the 
ligand. 4 l 0Arg is, therefore, not important for ligands such as 
diazepam. Etoricoxib and parecoxib sodium also do not possess a 
carboxyl group and therefore 41 'Tyr may be involved in binding within 
site II. This conclusion finds support from the thermodynamic para-
meters for the binding of these drugs which suggest predominantly 
hydrogen bonding interactions. 

Stern-Volmer analysis 

Stern-Volmer analysis is useful in the estimation of the 
accessibility of tryptophan residues in proteins to the drug (quencher) 
molecules. Fluorescence quenching data at pH 7.4 were also analysed 
by the Stern-Volmer law /36/: 

F0/F = 1 + Kq D t (4) 

where Fo and F are the steady state fluorescence intensities at 334 nm 
in the absence and presence of quencher (drug), respectively, and Kq is 
the Stern-Volmer quenching constant. Fo/F versus D t plots (not 
shown) were linear for etoricoxib with intercept close to unity at all 
temperatures. Linearity of the plots showed that the tryptophan 
residues of HSA are fully accessible to the drug. In the case of 
parecoxib sodium, on the other hand, a simple Stern-Volmer plot 
showed a downward curvature at all temperatures (Fig. 6). Downward 
curvature indicates the presence of buried residues, that is, the 
tryptophan residues are not fully accessible to the drug /37/. This 
difference in the behaviour of the two drugs may be due to the fact 
that the anionic parecoxib sodium cannot effectively penetrate the 
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Fig. 6: Stern-Volmer plots for parecoxib sodium-HSA binding at 37°C. 

hydrophobic interior of the drug binding site. The data in the case of 
parecoxib sodium were, therefore, analysed by the modified Stern-
Volmer equation /38/: 

F 0 / ( F 0 - F ) = l / f a + l / ( D t f a K q ) (6) 

where fa is the fraction of fluorophore (protein) accessible to the 
quencher (drug). The modified Stern-Volmer plots were linear with fa 

values close to 0.5 at all temperatures (see inset to Fig. 6). Kq values 
for etoricoxib and parecoxib sodium at different temperatures are 
given in Table 4. Decrease in quenching constants with increase in 
temperature indicated that a predominantly static quenching mecha-
nism is involved in the case of both drugs /39/. 

For a bimolecular quenching process, Kq = kq το, where το is the 
lifetime in the absence of quencher, and kq is the rate constant for 
quenching. As the το value for tryptophan fluoresence in proteins is 
known to be of the order of 10"9 s /40/, the rate constant, kq, would be 
of the order of 1013 M"'s"'. kq depends on the probability of a collision 
between fluorophore and quencher and is a measure of the exposure of 
tryptophan residues to the drug. It can be shown that 

kq = 4naDNAx 10"3 (5) 
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TABLE 4 

Stern-Volmer quenching constant for etoricoxib and 
parecoxib sodium at different temperatures 

Temperature 
(°K) 

Stern-Volmer quenching constant 
(κ„) χ 10 4 ivr' 

Temperature 
(°K) 

Etoricoxib Parecoxib sodium 

293.15 - 6.00 

300.15 1.15 5.57 

305.15 0.90 4.95 

310.15 0.64 4.51 

where D is the sum of the diffusion coefficients of quencher and 
fluorophore, a is the sum of molecular radii, and NA is Avogadro's 
number /41/. The upper limit of kn expected for a diffusion-controlled 
bimolecular process is 1010 M"'s" . The high magnitude of kq in the 
present study (1013 M " V ) shows that specific interactions, such as 
hydrogen bonding, increase the drug-protein encounter radius, a, and 
make kq larger. Thus drugs are bound to albumin by hydrogen bonding 
at a site which is close to the tryptophan residues. The high magnitude 
of kq in the present study (1013 NT's"') also shows that the quenching 
is not initiated by dynamic collision, but originates from the formation 
of a complex between the drug and the protein /42/. However, a 
collisional quenching mechanism is also involved, since the magni-
tude of the quenching constant is smaller than the association constant 
for the interaction. 

Effect of pH and the presence of salt 

Association constants for the binding and the number of binding 
sites at two different pH values, 7.4 and 8.0, determined at 37°C, are 
given in Table 5. With increase of pH, the binding constants increased 
in the case of etoricoxib and decreased in the case of parecoxib 
sodium, while the number of binding sites remained the same. Since 
pKa values of etoricoxib (a basic drug) and parecoxib sodium (an 
acidic drug) are 3.68 and 4.81, respectively, the percentage ionization 
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TABLE 5 

Effect of pH and presence of salt on the association constants of 
etoricoxib and parecoxib sodium with human serum albumin at 37°C 

Association constant 
(K.) X 10 4 M"1 

Etoricoxib Parecoxib sodium 

pH 7.4 3.079 ±0.095 5.524 ± 0.101 

pH 8.0 5.880 ±0.105 3.280 ±0.095 

pH 7.4+ 0.15 Μ NaCl 4.990 ± 0.098 1.550 ±0.008 

of the drugs will remain practically unchanged on increasing the pH 
from 7.4 to 8.0: etoricoxib will remain practically unionized, and 
parecoxib sodium will remain ionized in this pH range. In the protein 
molecule, the fraction of cationic surface decreases while the anionic 
and neutral surface increases with increase of pH. Etoricoxib being a 
basic drug, its binding constant increases as the fraction of anionic and 
neutral surface increases. On the other hand, binding of negatively 
charged parecoxib sodium decreases as the fraction of the cationic 
surface on the protein decreases. Percentage of free drug at different 
pH values is shown in Figures 7 and 8. With increase of pH, the free 
pharmacologically active drug decreases in the case of etoricoxib and 
increases in the case of parecoxib sodium. 

The binding of etoricoxib and parecoxib sodium with HSA was 
also studied in the presence of 0.15 Μ NaCl. Binding parameters are 
given in Table 5. The presence of salt increased the association 
constants in the case of etoricoxib and decreased the association 
constants in the case of parecoxib sodium, but the number of binding 
sites remained almost the same. Decrease of binding constants in the 
case of parecoxib sodium again indicates the involvement of electro-
static interactions /19/. The increase in the binding constant of 
etoricoxib indicates that the presence of salt probably causes con-
formational changes in the albumin molecule. It has been shown by 
Wilting et al. /43/ that chloride ions also affect N-B transition. The 
percentage of free drug in the absence and presence of 0.15 Μ NaCl is 
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pH 7.4 pH 8.0 - 4 - pH 7.4 (0.15M NaCI) 

Fig. 7: Plot of percentage of free drug versus D,/P, for parecoxib sodium-HSA 
binding under different conditions. 
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Fig. 8: Plot of percentage of free drug versus Dt/Pt for etoricoxib-HSA binding 
under different conditions. 

shown in Figures 7 and 8 at different drug-protein (Dt/Pt) ratios. Thus 
in the presence of salt, the percentage of free drug decreased in the 
case of etoricoxib and increased in the case of parecoxib sodium. It is, 
therefore, recommended to adjust etoricoxib and parecoxib sodium 
dose in cases of diseases that induce pH or electrolytic imbalance. 
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CONCLUSIONS 

The binding of the drugs, etoricoxib and parecoxib sodium, with 
HSA may be summarised thus: The drugs interact with HSA on a 
single site with association constants of the order of 104. Paracoxib 
sodium had a higher relative affinity for HSA compared to etoricoxib. 
Thermodynamic parameters for the binding showed that in the case of 
etoricoxib, hydrogen bonding and van der Waals interactions are 
predominantly involved. In the case of parecoxib sodium, on the other 
hand, electrostatic and hydrogen bonding interactions are involved. 
Binding studies in the presence of a hydrophobic probe (ANS) showed 
that hydrophobic interactions are not predominantly involved in the 
binding. Displacement of the site-specific probe, DSS, showed that 
site II is involved in binding. However, etoricoxib and parecoxib 
sodium are bound at different regions within site II. Stern-Volmer 
analysis of the fluorescence data showed that in the case of parecoxib 
sodium, the tryptophan residues of HSA are not fully accessible to the 
drug, and a predominantly static quenching mechanism is operative in 
each case. Increase of pH and the presence of salt significantly altered 
the percentage of free drug in plasma. 
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