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The binding constants of p-cyclodextrin (§-CD) with antalgic drugs
such as naproxen, ketoprofen, ibuprofen, acemetacin, and aspirin
are determined by affinity capillary electrophoresis. Based on these
interactions, a reliable method for the separation and simultaneous
determinations of these compounds in the presence of 5.0mM B-CD

- in phosphate buffer solution is presented by capillary zone

o

.

electrophoresis with UV detection at 214 nm for naproxen and 200
nm for the others. The linear ranges for naproxen, ketoprofen,
ibuprofen, acemetacin, aspirin, and caffeine detections are from 2.0
to 800, 2.5 to 1000, 2.5 to 700, 2.5 to 700, 2.0 to 800, and 1.5 to
800 pg/mL, respectively. Their detection limits are 1.0, 0.5, 0.5, 1.5,
1.5, and 1.0 pg/mL at a signal to noise ratio of 3, respectively. This
method has been successfully applied to the detections of these
drugs in the pharmaceutical formulations (tablets or capsules) and
urine samples.

Introduction

Cyclodextrins (CDs) are cyclic nonreducing oligosaccharides
with truncated cylindrical molecular shapes (1). Their outside
surfaces are hydrophilic, whereas their cavities are hydrophobic
(2). They are able to enclose various kinds of drugs in their inner
hydrophobic cavities, leading to changes in the physicochemical
properties of these drugs (3). Recently, there has been a lot of
interest in using CDs as drug delivery media because they lead to
an increase of the aqueous solubility, stability, and bioavailability
of drugs (4-7). On the other hand, CDs have also extensively been
applied to the chiral separation of drugs (8-11). These applica-
tions depend on the binding stability of CDs with drugs. Thus, the
determination of the binding constants of CDs with drugs is nec-
essary.

Over the last two decades, a number of techniques have been
developed to measure the binding constants. The binding con-
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stants of B-CD drugs have been estimated mainly by spectroscopic
techniques such as circular dichroism (12), 'H-NMR (12-14), and
steady-state (15-17) and time-resolved (18-20) fluorescence
spectroscopy. These methods are usually used for systems with
high-affinity interactions (21). In addition, molecular modeling
(22) and differential scanning calorimetric (12) methods have
also been used for this purpose. Mura et al. (22) thought the
molecular modeling technique was not an accurate method and
should be considered only as a preliminary study. Because capil-
lary electrophoresis (CE) possesses the advantages of high speed
of analysis, high efficiency, high resolving power, low sample con-
sumption, and a wide range of possible analytes, it is beneficial for
the estimation of binding constants (23). Currently, several CE
methods are available to measure binding constants [e.g., affinity
capillary electrophoresis (ACE), Hummel-Dreyer method (HD),
vacancy affinity capillary electrophoresis (VACE), vacancy peak
method (VP), and frontal analysis (FA)] (24-26). Among these
methods, ACE based on electrophoretic migration data is appro-
priate for the determination of low and medium stability con-
stants (K < 102M-1) (27). Therefore, it is the most suitable method
to estimate the binding constant of -CD with drugs. In addition,
this method requires that the analyte must undergo a change in
electrophoretic mobility upon complexation; the equilibrium for
the complex formation must be much faster than the separation,
and sufficient concentrations of both components must be avail-
able in the system (28). The binding constants for naproxen,
salbutamol, indomethacine, and procaine by B-CD have been
determined by ACE with three linear plotting methods (28).
Steinbock et al. (29) derived an explicit equation and suggested an
experimental method based on ACE to determine the binding
constants of the complexes of B-CD with benzoate derivatives.

In the present contribution, ACE is used to study interactions
of B-CD with naproxen, ketoprofen, ibuprofen, and acemetacin
and to determine their binding constants by a linear plotting
method, whereas the binding constant of B-CD with aspirin is
determined by a nonlinear curve-fitting method because of an
insufficient small change in the .z of aspirin at low concentra-
tions upon addition of B-CD. The binding constants of naproxen,



etoprofen, ibuprofen, and acemetacin with B-CD obtained are in
iood agreement with those reported previously (13,30-33). These
nteractions lead to changes in the electrophoretic mobilities of
naproxen, ketoprofen, ibuprofen, and acemetacin in capillary
zone electrophoresis (CZE). Based on this, a separation and deter-
mination method for naproxen, ketoprofen, ibuprofen,
acemetacin, aspirin, and caffeine is developed by adding 5mM
B-CD in the 20mM of phosphate buffer solution (PBS). This
method possesses a low detection limit and wide linear range and
can be applied to the determination of these drugs in practical
samples with a satisfactory result.

Experimental

Reagents

B-CD (Shanghai Biochemical Reagent Co., Shangha: China)
was recrystallized before use. Pure racemates of naproxen, keto-
profen, ibuprofen, acemetacin, aspirin, caffeine, and their formu-
lations (capsules or tablets) were a generous gift from Nanjing
[nstitute for Drug Control (Nanjing, China). All other chemicals
were of analytical-reagent grade. The stock solution of 10mM
B-CD was prepared with double-distilled water. The solutions
containing 1000 pg/mL naproxen, ketoprofen, ibuprofen, aspirin,
caffeine, and acemetacin were prepared with 30mM (pH 7.0) PBS,
respectively.

Apparatus

Experiments were performed on an Agilent CE system (Agilent
Technologies Deutschland Gmbh, Waldbronn, Germany) with a
50-cm x 50-pm i.d. uncoated fused-silica capillary purchased
from Yongnian Optical Fiber Factory (Hebei, China). The effective
length of the capillary was 41.8 cm.
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Figure 1. Migration time of naproxen as a function of f-CD concentration in
the running buffer: injection of naproxen, 50 mbar, 3 s; voltage,-15KV; tem-
perature, 25°C; UV detection, 214 nm; and buffer, 20mM (pH 7 0) PBS
including 0, 0.5, 1.0, 2.5, 5.0, and 7.5mM B-CD for a-f.
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Conditioning of capillary

To achieve the maximum reproducibility of the migration time,
the new capillary was conditioned by continuously rinsing with
1.0M NaOH for 30 min, 1.0M HCl for 15 min, and double-distilled
water for 15 min. Before each injection, the capillary was rinsed
with 1,0M NaOH for 2 min, doubled-distilled water for 2 min to
avoid the accumulation of B-CD precipitate caused by the use of a
saturated -CD running buffer, and then equilibrated with the
running buffer for 3 min.

Results and Discussion

Dependence of migration time of analyte on the
concentration of B-CD or drug in the running buffer

Two methods are available when ACE is used to determine the
binding constant of B-CD with drug. The first method is to inject
a drug solution into the running buffers containing B-CD at suc-
cessively increasing concentrations. With the increasing $-CD
concentration, the migration time of the drug decreases. At pH
7.0, the drug is in the anionic deprotonated form, whereas B-CD
is a nonionic compound. When the drug is included in the cavity
of B-CD, the formed complex has a charge identical to that of free
drug. Thus, the charge-to-mass ratio of the complex is less than
that of the free drug, leading to . < 11, where 1. and pyare the
electrophoretic mobilities of the drug in its complexed and free
forms, respectively. With the increasing concentration of B-CD,
the effective electrophoretic mobility of drug, m,s, decreases
according to following equation (28):

Herr = sfuf+ Schle Eq.1

where xc and xyare the fraction of the complexed and free drug,
respe t:vely From the equation

+ Hefpr Eq.2

and p,, are the apparent mobility and the mobility of
electroosmosis, respectively, Happ increases with the decrease of
Her because the direction of i,y is opposite to that of 1,,, and the
absolute value of p, is larger than that of 11,4 Thus, the migra-
tion time of the drug decreases with the increasing concentration
of B-CD. Figure 1 shows the change of the migration time for
naproxen when the B-CD concentration of the running buffer
increases from 0 to 7.5mM.

The second method is to change the drug concentration in the
running buffer and inject $-CD solution into the buffer. Contrary
to the change of effective electrophoretic mobility of drug upon
the addition of B-CD, the effective electrophoretic mobility of
B-CD in the complex form is higher than that of free B-CD. Thus,
the migration time of B-CD increases with an increasing drug
concentration because of the formation of a more negatively
charged complex of B-CD with drug.

Determmahon of the binding constant of B-CD with drug

The effective electrophoretic mobility is determined from the
migration times of the analyte, ¢, and the electroosmosis marker,
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., according to the following expression (29):

, Ll (1 1
bt =y (t te,,)
where L, is the effectwe length of the capillary, L the total length
of the caplllary, and V the applied voltage. et

B-CD usually binds the drug molecule in a binding stoichiom-
etry of 1:1 (13,22,28), thus the relationship between the bmdmg

- Eq.3

“constant K and the effective electrophoretic mobility of the:é a'nas

Iyte can be described by the following equation (28):
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where |By] is the concentration of B-CD in the buffer. The K
value can be obtained from the intercept and slope of the
plot of 1,z — iy versus 1/{By). Our experimental results indicate
that the linear plotting method is unsuitable for the inclusion of
drug by the lig and at a high concentration in the running buffer.
Thus, a nonlinear analysis method is used for this system (29):

E_g;'.}

= [Be). Mol + [Bol + (1K)
”""‘(m)[ 3

(3t + 2o+ - 1)

<

] Eq.5

wheré:and is the initial concentrations of B-CD and drug for the
aspirin system, respectively. can be obtained from the plot of p,z
versus |Bg| with the nonlinear curve fitting method.
(the effective mobilities of the analytes at different p-
céntrations obtained under the conditions shown in Table
L the! bmdmg constants of B-CD with naproxen, ibuprofen, keto-
profen, and acemetacin are calculated with the linear plotting
method to be 510, 323, 3660, and 896M-1, respectively. The values
of binding constants of B-CD with naproxen and acemetacin are
comparable with those reported by fluorescence (30) and NMR
spectroscopy (13). The difference between our result and that
reported by Bellini et al. (28) for the binding of B-CD with
naproxen was caused by the different buffers used. The results for
the binding of B-CD with naproxen, ketoprofen, and ibuprofen
show obvious differences from those reported by Faucci et al.
(22). These values were obtained by a molecular
modeling method. As pointed out by the authors of

Table 1. Experimental Conditions and Results for the Estimation of Binding that paper, this is not an accurate method and
Constants of B-CD with Drugs by ACE* should be considered only as a preliminary study.
. . : ~ Compared with the reported values by the ACE
Drug Naproxen  Ketoprofen  Ibuprofen  Acemetacin  Aspirin | (39) 5nd spectrophotometry methods (33), the
Sample solution 250pgml  250pgml  250pgml  250pgmL  10mM binding constant of ibuprofen with B-CD is accept-
napproen keloprofen  ibuprofen  acemetacin  B-CD able. According to the molecular characteristics of
Componentcontained ~ 0-75mM  0-50mM  0-35mM  0-3.5mM 1o-6omm | P-CD,abindingstoichiometry of 1:2 between keto-
in running buffer B-CD B-CD BCD B-CD aspirin profen_and B-CD is possible. However, the binding
Electroosmosis marker ~ DMSO! DMSO DMSO DMSO  water | stoichiometry of 1:1 has been reported (22,31).
Detection Yvavelength 214 nm 200 nm 200 nm 200nm 254 nm Here, the plot of 1/(j.z~ pg) versus 1/[By] shows a
Parameteriny=a+bct good linearity, thus the binding stoichiometry can
z 1516 0.851 1.017 1.949 - be thought to be 1:1. '
2972 2.635 0.278 2175 - The binding constant of B-C ; H
This method 510+ 34 323226 3660+147 89642 1931238 cannot be ob%ained using t[:ne En‘:;:h ?;{’t‘:;:n
Kb >2500(32) method because the change in the ofp aspiring
Reference value 475 (30) 35331  290033) 1100013 - " el '
a3 upon the addition of B-CD, is too small to be
:Buffer, 20mM (pH 7.0) PBS; injection, 50 mbar, 3 5; voltage, 15KV; and temperature, 25°C. detected. Thus, we injected 10mM ﬁ‘CD into the
,'c’i”i?n :e‘r"":';';’,{';‘f‘g"ége buffer containing 10-60mM aspirin, as shown in
$ Nonlinear curve fitting method. Table 1, to determine the 1, of -CD on the basis
of ACE-indirect absorbance detection. The

at an Interior Marker Concentration of 100 pg/mL

Table I1. Calibration Curves and Parameters for Determination of
Naproxen, Ketoprofen, Ibuprofen, Acemetacin, Aspirin, and Caffeine

migration time of the negative peak of p-CD
increases with the increasing concentration of
" aspirin. Figure 2 shows the relation between the
Uerr and aspirin concentration. With the non-

Parametersin y=a+ bc
(n=15, c: pg/ml)

linear curve fitting according to equation 5, the

Detectionlimit | binding constant of B-CD obtained with aspirin is

Correlation Linearrange  ats/n3 193M-1. To our best knowledge, no study on the
Drug a b coefficient  (pg/mL) (pg/mt) interaction of B-CD with aspirin has been
reported. Aspirin possesses a salicylate structure;
Naproxen ~ 0.0006+0.0002  0.0036 + 0.0001  0.9986 2.0-800 10 the binding constant of B-CD with salicylate has
Ketoprofen ~ 0.0017 £0.0005  0.0047 £0.0000  0.9998 2.5-1000 0.5 been reported to be 299 or 1 55M-1 obtained with
bl S0 0I0G QOG-0 O 20 03| o il ipresin (9. T
Aspiin 00027 £00008 0007300001 0999  20-800 15 is reasonable to consider our value for the.
Caffeine  0.0017£0.0009 0005400004 09990  1.5-800 10 |. binding constant of B-CD with aspirin to be

exact.



Separation of naproxen, ketoprofen, ibuprofen, acemetacin,
aspirin, and caffeine Cen

The mixture of several antalgic drugs (naproxen, ketoprofen,
ibuprofen, acemetacin, aspirin, and caffeine) was introduced into
the capillary by a pressure of 50 mbar for 3 s. In 20mM (pH 7.0)
PBS, these drugs could not be separated without the presence of
B-CD. Upon the addition of 5SmM B-CD to the PBS, the baseline
separation of these drugs could be achieved by applying a voltage
of 15KV at 25°C (shown in Figure 3). As mentioned, the addition
of B-CD resulted in a change of the mobility of drug because of its
inclusion by B-CD. The change was related to the binding ability,
producing different migration times of these drugs and
achieving their baseline separation. From Figure 3, the efficiency
for the final optimized CE separation was estimated to be from
310,000 to 780,000 plates/m, which was located in the range of
general separation efficiency. The slightly broad peaks were pos-
sibly caused by the very slight differences in binding of the chiral
drugs, which resulted in partial chiral separation.
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Figure 2. Effective mobility of B-CD as a function of aspirin concentration in

the running buffer: injection of 10.0mM B-CD, 50 mbar, 3 s; voltage, 15 KV;
temperature, 25°C; UV detection, 200 nm; and buffer, 20mM (pH 7.0) PBS.
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Figure 3. Separation of naproxen, ketoprofen, ibuprofen, acemetacin, aspirin,
and caffeine: buffer, 5.0mM B-CD in 20mM (pH 7.0) PBS; injection of mix-
ture, 50 mbar, 3 s; voltage, 15KV6.temperature, 25°C; UV detection, 214 nm;
and peaks 1-6: caffeine, ibuprofen, acemetacin, ketoprofen, naproxen, and
aspirin. R
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Calibration curves for naproxen, ketoprofen, ibuprofen,
acemetacin, aspirin, and caffeine

For analysis purposes, the UV detection for naproxen was per-
formed at a wavelength of 214 nm and the others at a wavelength
of 200 nm. The CZE peak area of each drug was in direct propor-
tion to its concentration over a certain concentration range.
Table II gives their linear regression equations together with the
standard deviations, correlation coefficients, linear ranges, and
detection limits. The linear ranges for naproxen, ketoprofen,
ibuprofen, acemetacin, aspirin, and caffeine detections were
from 2.0 to 800, 2.5 to 1000, 2.5 to 700, 2.5 to 700, 2.0 to 800, and
1.5 to 800 pg/mL, respectively. Their detection limits were 1.0,
0.5, 0.5, 1.5, 1.5, and 1.0 pg/mL at a response three times the

Table 111, Results for Determination of Naproxen,
Ketoprofen, Ibuprofen, Acemetacin, Aspirin, and
Caffeine in the Pharmaceutical Formulation (Tablets
or Capsules)

1f-1
Drug (mg dosage unit-') Deviation from

Method of Average RSD the method of
Drug  pharmacopoeia found (n=3) (%) pharmacopoeia (%)

Naproxen 99.2 97.7 1.2 98.7
Ketoprofen ~ 50.5 . 496 16 98.2
Ibuprofen 50.0 51.3 18 102.6
Acemetacin  24.7 242 ¢ 23 . 98.0
Aspirin 99.4 98.9 13 99.5
Caffeine 49.3 50.9 1.9 103.2

Table IV. Recovery Assays for the Spiked Urine Samples

Spike Averagefound  RSD  Average recovery

Drug (pg/ml)  (n=3)(pg/ml) (%) (n=3)(%)
Naproxen 5 4.76 2.6 100.2
10 10.5 1.8 :
20 209 2.1
5047.9 12
Ketoprofen 5 4.80 2.4 98.7
10 9.98 27
20 19.4 1.9
50 51.0 2.1
Ibuprofen 5 5.25 1.9 102.8
10 9.92 1.3
20 20.8 24
50 50.1 1.8
Acemetacin 5 5.05 31 99.3
10 10.2 2.7
20 19.5 23
50 515 1.5
Aspirin 5 5.20 29 102.0
10 9.82 34
20 20.9 23
50 49.2 1.9
Caffeine 5 4.84 28 99.8
B | 104-- - 26 -
20 19.5 1.8
50 51.9 2.1




Separation of naproxen, ketoprofen, ibuprofen, acemetacin,
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The mixture of several antalgic drugs (naproxen, ketoprofen,
ibuprofen, acemetacin, aspirin, and caffeine) was introduced into
the capillary by a pressure of 50 mbar for 3 s. In 20mM (pH 7.0)
PBS, these drugs could not be separated without the presence of
B-CD. Upon the addition of 5mM B-CD to the PBS, the baseline
separation of these drugs could be achieved by applying a voltage
of 15KV at 25°C (shown in Figure 3). As mentioned, the addition
of B-CD resulted in a change of the mobility of drug because of its
inclusion by B-CD. The change was related to the binding ability,
producing different migration times of these drugs and
achieving their baseline separation. From Figure 3, the efficiency
for the final optimized CE separation was estimated to be from
310,000 to 780,000 plates/m, which was located in the range of
general separation efficiency. The slightly broad peaks were pos-
sibly caused by the very slight differences in binding of the chiral
drugs, which resulted in partial chiral separation.
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the running buffer: injection of 10.0mM B-CD, 50 mbar, 3 s; voltage, 15 KV;
temperature, 25°C; UV detection, 200 nm; and buffer, 20mM (pH 7.0) PBS.
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Figure 3. Separation of naproxen, ketoprofen, ibuprofen, acemetacin, aspirin,
and caffeine: buffer, 5.0mM B-CD in 20mM (pH 7.0) PBS; injection of mix-
ture, 50 mbar, 3 s; voltage, 15KV;.temperature, 25°C; UV detection, 214 nm;
and peaks 1-6: caffeine, ibuprofen, acemetacin, ketoprofen, naproxen, and
aspirin. Yol
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Calibration curves for naproxen, ketoprofen, ibuprofen,
acemetacin, aspirin, and caffeine

For analysis purposes, the UV detection for naproxen was per-
formed at a wavelength of 214 nm and the others at a wavelength
0f 200 nm. The CZE peak area of each drug was in direct propor-
tion to its concentration over a certain concentration range.
Table II gives their linear regression equations together with the
standard deviations, correlation coefficients, linear ranges, and
detection limits. The linear ranges for naproxen, ketoprofen,
ibuprofen, acemetacin, aspirin, and caffeine detections were
from 2.0 to 800, 2.5 to 1000, 2.5 to 700, 2.5 to 700, 2.0 to 800, and
1.5 to 800 pg/mL, respectively. Their detection limits were 1.0,
0.5, 0.5, 1.5, 1.5, and 1.0 pg/mL at a response three times the

Table 111, Results for Determination of Naproxen,
Ketoprofen, Ibuprofen, Acemetacin, Aspirin, and
Caffeine in the Pharmaceutical Formulation (Tablets
or Capsules)

1$-1
Drug (mg dosage unit-') Deviation from

Method of Average RSD the method of
Drug  pharmacopoeia found (n1=3) (%) pharmacopoeia (%)
Naproxen 99.2 97.7 1.2 98.7
Ketoprofen 50.5 . 496 1.6 98.2
Ibuprofen 50.0 51.3 1.8 102.6
Acemetacin 247 242 23 . 98.0
Aspirin 99.4 98.9 13 95
Caffeine 493 50.9 1.9 103.2

Table IV. Recovery Assays for the Spiked Urine Samples

Spike Averagefound ~ RSD  Average recovery
Drug (pg/ml)  (n=3)(pg/ml) (%) (n=3)(%)
Naproxen 5 4.76 2.6 100.2
10 10.5 1.8 :
20 209 2.1
5047.9 12
Ketoprofen 5 4.80 24 98.7
10 9.98 27
20 19.4 1.9
50 51.0 2.1
Ibuprofen 5 5.25 1.9 102.8
10 9.92 13
20 20.8 24
50 50.1 1.8
Acemetacin 5 5.05 31 99.3
10 10.2 2.7
20 19.5 23
50 515 1.5
Aspirin 5 5.20 29 102.0
10 9.82 34
20 209 2.3
50 49.2 1.9
Caffeine 5 4.84 28 99.8
e e = 10 104-~ - 26 -~
20 19.5 1.8
50 51.9 2.1
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noise level, respectively. In comparison with the results for
naproxen, ketoprofen, ibuprofen, and caffeine obtained with

reversed-phase high-performance liquid chromatography (34),

this method gives a lower detection limit and much wider linear
range; at the same time, it also keeps the advantages of CZE.

Determination of naproxen, ketoprofen, ibuprofen,
acemetacin, aspirin, and caffeine in their pharmaceutical
formulations and the urea samples

- Contents of naproxen, ketoprofen, ibuprofen, acemetacin,
aspirin, and caffeine in their pharmaceutical formulations (cap-
sules or tablets) were determined with the present method. The
results are listed in Table III. The relative standard derivation
(RSD) of triplicate determinations of each drug in each selected
formulation was less than 2.3%, displaying a good precision. The
deviations of the found contents from the claimed values in their
corresponding formulations were between 98.0~103.2%. Thus,
this method is very acceptable for practical application.

The recovery assays were performed in the spiked urine sam-

ples. Urine samples were spiked in triplicate with six antalgic

drugs at three levels (10, 20, and 50 pg/mL) that were within the
working linear range of these drugs. The average recovery was
calculated as the mean value obtained by spiking the analyte
studied at three levels. The RSD of triplicate determinations of
each drug in the spiked urine sample was less than 3.4%. The
average recovery for each drug was from 98.7% to 102.0% (given
in Table 1V), indicating a good accuracy. Thus, the method is
reliable.

Conclusion

The binding constants of B-CD with antalgic drugs such as

naproxen, ketoprofen, ibuprofen, and acemetacin are determined

by the ACE method based on the effect of B-CD on their mobility,
whereas that of aspirin is determined based on its effect on B-CD
mobility. The obtained binding constants are comparable to those
reported previously. The complexation results in a change of the
electrophoretic mobility of these antalgic drugs. The difference in
the binding ability produces the different migration times of these
drugs, which has been used to achieve the baseline separation for
simultaneous determinations of naproxen, ketoprofen, ibuprofen,
acemetacin, aspirin, and caffeine. This proposed detection
method shows a low detection limit, wide linear range, reliable
accuracy, and good precision and could be applied to the analysis
of practical sample. This work proves that B-CD is indeed a good
additive to improve the separation of these drugs that possess
similar mobility in absence of B-CD and thus provides a
promising method for the separation and determination of other
drugs.
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