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Abstract—Ketoprofen is a non-steroid anti-inflammatory drug (NSAID) that has analgesic, anti-inflammatory and
antipyretic properties, of which pharmacological activity has been contributed mainly by the S-ketoprofen enanti-
omer. To gain highly purified S-ketoprofen enantiomer from ketoprofen racemate, suitable stationary phase was
investigated by comparing R-type naphthylglycine and 3,5-dinitrobenzoic acid of ‘CB@@x and O,0'-bis(4-tert-
butyl-benzoyl)-N and N'-diallyl-L-tartardiamide of Krom&s{CHI-Il. S-ketoprofen enantiomer was successfully iso-
lated by using the Kromasil column as well as the mobile phase of hexane/tert-butyl methyl ether/acetic acid (v/v)=
60/40/0.1. Equilibrium constants of R- and S-ketoprofen were obtained by pulsed injection method (PIM) at various
concentrations of ketoprofen racemate and loading sample amounts, which serve the basic information on overload-
ing sample volume and amounts. A volume of ll0fbntaining 3.0 mg of ketoprofen racemate to Kromasil column
(250 mmx4.6 mm) resulted in 85% recovery of injected sample under an high concentration (30 mg/ml) feed condition.
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INTRODUCTION ing et al., 1997; Gindy et al., 2001].
This paper describes the separation of S-ketoprofen enantiomer

Most biochemicals exist in mirror image as optical isomers, andfrom ketoprofen racemate by using CHiraxd Kromastl chiral
carry out various functions vivo [Morrison et al., 1992]. Keto-  columns. These two columns have chiral selective functional groups
profen, a phenylpropionic acid derivative, is a non-steroid anti-inflam-for effective combination of carboxyl group of ketoprofen with chiral
matory drug (NSAID) that has analgesic, anti-inflammatory andcenter. Chiral stationary phase (CSP), mobile phase composition
antipyretic properties [Blanco et al., 1988; Jagota et al., 1992]. Pharand sample concentrations were changed in this study to get a suit-
macological activity has been contributed mainly by the S-form,able separation condition under overloading experiments. There-
while R-form is either inactive or reduced active form compared tofore, the overloading technique utilized in this paper is capable of
S-form [Pietta et al., 1987; Meyring et al., 2000]. It is difficult to separating ketoprofen enantiomers by using a commercially avail-
separate a chiral compound such as ketoprofen to each enantiorrasle chiral column in the laboratory. In addition, we can determine
by ordinary separation method, because stereo-structure is relatéite relationship between recovery yield and sample concentration
to its molecular structure [Kakodkar et al., 1979]. The importancein fractionation experiments.
of chiral compounds is obvious; however, their importance is in-
creased due to the demands of the pharmaceutical industry. Several EXPERIMENTAL PART
chiral separation methods have been reported in the literature in which
diasteromeric derivatives were formed prior to HPLC separationl. Materials
and analysis [Sallustio et al., 1986; Boisvert et al., 1997]. And mem- Bulk ketoprofen racemate was purchased from Kookjeon Co.
branes which had novel carrier system were utilized to separate erfKorea) in powdered form, and standard S-ketoprofen (99%) was
antiomer from racemic mixture [Oshima et al., 2003]. But, thesepurchased from Sigma (USA) to identify S-ketoprofen enantiomer
methods are generally time-consuming and are prone to inter-corseparated. Chiral columns used in experiments were Toilexnn
version of enantiomers. Therefore, direct separation of each enantiNo. 3005 (250 mmx4.6 mm, Phenomenex, USA) and Krdmasil
omer by using a chiral stationary phase (CSP) was preferred [WaineGHI-Il HPLC column (250 mmx4.6 mm, Eka-Nobel, Sweden).
1993; Wright et al., 1993]. The Chirex column is packed with 5 mm of particle diameter which

The direct separation of ketoprofen enantiomers has been sués covalent bonded with R-type naphthylglycine and 3,5-dinitroben-
cessfully accomplished by using various types of CSP, but someoic acid. And Kromasil CHI-Il column is packed with i@ of
columns are not available commercially, because others may requirgarticle diameter and 100 A of internal pore which is covalent bonded
prior derivation to enhance resolution [Menzel-Soglowek et al., 1990with O,0'-bis(4-tert-butyl-benzoyl)-N and N'-diallyl-L-tartardiamide.
Van Overbeke et al., 1994; Grubb et al., 1996]. With the presenAmmonium acetate and acetic acid were purchased from Hayashi
demand, many chiral stationary phases are distributed by manufa&ure Chemical Industries (Japan) for adjusting mobile phase prop-
turers like Merck, Daicel and so on [Francotte et al., 1997; Schurerty.

2. HPLC System

To whom correspondence should be addressed. The HPLC system consisted of a solvent delivery pump (Model
E-mail: ihkim@cnu.ac.kr M-930, Young Lin, Korea), sample injection valve (Model 7725i,
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Table 1. Mobile phase compositions for two kinds of columns

Stationary phase Base solvent Modifier Variables

Chirex column 3005 Methanol Ammonium acetate Modifier concentrations (mM)
0, 20, 30, 50, 80 mM

Kromasil CHI-II n-hexane/t-BME Acetic acid (0.1%(v/V)) Ratio of n-hexane/t-BME (v/v)

100/0, 80/20, 60/40, 40/60, 80/20, 0/100

viv=volume %

Rheodyne, USA) and UV detector (M-720, Young Lin, Korea). Ab- can be obtained by Eq. (1) with the K value obtained experimen-
sorbance values were collected by a PC using a data acquisitidally from t; in Eq. (2).
system (Autochro-win, Young Lin, Korea). The column was equip-

ped with a column heater (CH-30, Eppendorf, USA) to maintain RESULTS AND DISCUSSION

constant temperature. Sample was loaded in various sample vol-

ume by using sample loops (10, 20, 50, 100 anq00 1. Effects of Mobile Phase Composition on the Resolutions of
3. Selection of Mobile Phase Ketoprofen

Mobile phase components such as methanol, hexane (HXN) and To separate S- and R-ketoprofen efficiently, Phenomenex Thirex
tert-butyl methyl ether (tBME) purchased from Aldrich (USA) were 3005 and KromaS8IICHI-Il columns were tested at different mobile
filtered through a Millipore filter (Durapore membrane filters, 0.22 phase composition. When ketoprofen racemate was injected into
um, GV, USA), and degassed by sonicator (Brasonic, Brason, USA)he Chirek 3005 column, the peak of S-ketoprofen eluted later than
before use in the HPLC system. Mobile phases were prepared ¢
shown in Table 1, and isocratic elution experiments of ketoprofen 15

were performed by using chiral columns with the compositions in (A) —*— 20mM ammonium acetate

—— 30mM ammonium acetate
Table 1. 100 A —— 50mM ammonium acetate
4. HPLC Experiments for Calculation of Adsorbed Amount ™ 80mM ammonium acetate
and Overloading 80 4

In the case of the Chirf&8005 column used, flow rate of mo- R-ketoprofen

bile phase was settled on 0.5 ml/min, not to exceed 750 psi of bac
pressure of column. Kormasitolumns back pressure was main-

tained at 450 psi with 1.0 mi/min flow rate. Concentration and load- = ,, |
ing amounts of samples were varied to calculate adsorption capaci
of each column. To calculate adsorbed amount of each ketoprofe — ,, |
enantiomer, pulse input method (PIM) was used. When a smal
amount of sample is loaded in the column, the adsorbed amount |

60 -

Intensity(mV)

< S-ketoprofen

the column is expressed as follows: 0 10 20 30 40 50
Time(min.)

Ohstationary phagr= K Cimobie phage 1) 1200
where, g means adsorbed amount of ketoprofen enantiomer in st ®) e
tionary phase, K is the equilibrium constant and C is the concentre 9% 1 - :;mgmgzgggg
tion of ketoprofen enantiomer in mobile phase. e HXN--BME=0:100

Retention time is related to K as in the following equation: _ 8007

. . -0 >§ S-ketoprofen
tx(retention timeg =t, [%+T K5 ) ‘% 600 1
= R-ketoprofen

where, § means zero retention time which is the retention time of 400 1
does not retains component with stationary phase, and can be gain

from experimente is void fraction of column, and can be calcu- 200 +
lated by Eq. (3). l
0
&=t QN (3) 0 5 10 15 20 25 30

Time(min.)
where, Q means flow rate of mobile phase, and V does total volum
of column. Fig. 1. Chromatograms of ketoprofen racemate from different

From the retention time, the equilibrium constant can be calcu- columns_ and mobile phase _composmons (sample Ioiadlng
amount=20l, concentration=0.5 mg/ml, temperature=40

lated by EqQ. (2) using retention time of each enantiomer. In gen- %C: A : Chirex column, ammonium acetate concentration
eral, as loading sample concentration is increased, the peak retention (1:20mM, 2:30mM, 3:50mM, 4: 80 mM), flow rate=
time decreases owing to non-linear behavior in a column. PIM is a 0.5 ml/min; B : Kromasil column hexane/t-BME (1 : 80/20,
method for the calculation of equilibrium constant in thafgf, pna: 2:60/40, 3 :40/60, 4 : 20/80, 5 : 0/100), flow rate=1.0 ml/min).
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Table 2. The effects of mobile phase compositions on selectivity) @nd resolution (R) in two chiral columns

Column Chirex 3005 Kromasil CHI-II
Comp. Ammonium acetate in methanol (mM) Hexane/t-butylmethyl ether acetic acid (v/v)
Conc. 0 20 30 50 80 100/0/0.1 80/20/0.1 60/40/0.1 40/60/0.1 20/80/0.1 0/100/0.1
a - 1.076 1.078 1.087 1.081 - 1.210 1.209 1.209 1.201 1.208
R - 1210 1.188 1.157 0.935 - 7.204 1.600 1.204 0.686 0.374

Injection volume=2Ql, temperature=48C, A=254 nm and sample concentration=1.0 mg/mi

that of R-ketoprofen (Fig. 1A). As shown in Table 2, no peak was 1200

loading experiments by observing the chromatograms in Fig. 1B t¢ 200 Ke
separate ketoprofen in the Kromasil column. The Kromasil CHI-II ﬂg&\%
column showed shorter retention time, better selectivity and reso 0 '

lution than that of the Chirex 3005 column, and the back pressur
of the Kromasil was lower than that of the Chirex 3005 column,

eluted in the case that pure methanol was used. However, ketoprofi ——— Sﬁg“/ﬂ[ﬂeiiﬁﬁiiﬁe?aiiﬁ;?i‘e A)
peaks emerged as soon as ammonium acetate was added in me 10004 — " — fg“g/m' ketoprofen racemate o
. . i .| T mg/ml ketoprofen racemate R
anol as shown in Fig. 1A. The effect of ammonium acetate increas “oeo 30mg/ml ketoprofen racemate AN
is that selectivity and resolution of ketoprofen racemate decreas __ 80 A 5""; S-ketoprofen
together and retention time of ketoprofen is diminished. Hexane & Reketoprofen Iﬂi
with 0.1% (v/v) of acetic acid leads to no peak in the chromato- *5 600 - :;“;E
grams of Fig. 1B, so t-BME was added to change the compositior & i ; A
of solvent. A composition of 60/40/0.1 (%ov/v) of hexane, t-BME 400 2l xﬁ;;
and acetic acid was selected as an optimum composition for ove | m
far
|
|
]

even with high flow rate of the mobile phase. Although the com- 1400 § ——— 0.6mg/mi ketoprofen racemate (B)
position of hexane/t-BME/acetic acid=80/20/0.1 (Fig. 1B) is better ——_ Smgm
than that of 60/40/0.1 (No. 4 in Fig. 1B) in resolution, the former ~ *| ~= 77~ Somami

composition is not adopted due to the low solubility of ketoprofen 1590 { ——°——  50mg/mi / 0
in mobile phase and long retention time. S-ketoprofen was elutec %
earlier than R-ketoprofen in Kromasil column in contrast to the elu-
tion profile of Chirex column.
2. Calculation of Adsorbed Amount

To calculate adsorption capacity of each column, sample con 400 -
centrations were varied from 0.5 to 50 mg/ml. The chromatogram:
of ketoprofen racemate in the Chirex column are shown in Fig. 2A.
When the concentration of ketoprofen racemate exceeded 5 my 0 : , o
ml, peaks were eluted in an asymmetric shape. Such phenoment 0 2 4 6
is caused by non-linear behavior of the adsorption isotherm, becau:
the adsorption-desorption speed of the solute is not equal betwedfig. 2. Chromatograms of ketoprofen racemate at different sam-
stationary phase and mobile phase. Fig. 2B shows chromatograms ple concentrations (sample loading volume=30, tempera-
when the Kromasil column is used as the stationary phase. Asthe ~ ture=40°C; A: Chirex column with 50 mM ammonium ac-
concentration of ketoprofen goes over 10 mg/ml (No. 4), the chro- etate methanol, flow rate=0.5mi/min; 1:0.5mg/ml, 2:2
matogram shows asymmetric peaks. From the chromatograms in mg/ml, 3: 5mg/ml, 4 10 mgiml, 5:_30 mg/ mI;_B: Kroma_5|!

. . column with hexane/t-BME=60/40; flow rate=1.0 ml/min;
Fig. 2A and Fig. 2B, we can calculate adsorbed amount of R- and 1:05mg/ml, 2: 2 mg/ml, 3:5mg/ml, 4:10 mg/ml, 5 : 30
S-ketoprofen enantiomer by PIM using the equilibrium constant mg/ml, 6 : 50 mg/ml).
calculated by Eq. (2) and (1). In Table 3, the amount of adsorbed
ketoprofen enantiomer in stationary phase is listed, and Fig. 3A and
Fig. 3B show adsorption isotherms of ketoprofen enantiomer inKromasil column even with low flow rate of the mobile phase. There-
Chirex and Kromasil columns. In the case of the Chirex column,fore, the KromasilCHI-Il column was further utilized for over-
as the concentration of ketoprofen racemate is beyond 10 mg/milpading experiments.
the slope of equilibrium isotherm declines. Although, the Chirex 3. Recovery of S-Ketoprofen Enantiomer in Overloading Ex-
column has a higher capacity of ketoprofen than that of the Kroperiments
masil, but selectivity and resolution of ketoprofen racemate is lower In order to determine suitable loading volume of ketoprofen race-
than that of the Kromasil (Table 2). Retention time of ketoprofen mate, we have performed HPLC experiments with different sam-
in the Chirex column is longer than that of the Kromasil column, ple volumes. Fig. 4 shows elution profiles with different sample
and the low pressure drop of the column is higher than that of th@olumes. Sample volumes and concentrations were varied for main-

800 - S-ketoprofen

600

Intensity(mV)

200 A

Time(min.)
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Table 3. Adsorbed amount of ketoprofen enantiomer (R, S) at sta-

tionary phase

T. H. Yooon and I. H. Kim

Chirex 3005 column

Kromasil CHI-Il column

(mg/ml) C, (mg/ml) G (mg/ml) G, (mg/ml) G (mg/ml)

Cr=Cs
0.25 2.1
0.5 4.0
25 17.1
5.0 29.8
15 545
25 69.9

2.2
4.2
17.9
31.2
55.5
73.1

0.7 0.7
3.1 2.7
7.7 6.7
15.1 12.9
44.3 37.7
71.0 59.3

Injection volume=2Ql, temperature=40C, A:_254 nm, G=con-
centration of each enantiomer in mobile phasec@centration
of each enantiomer in stationary phase.

80

60

40

20

—v— R-ketoprofen enantiomer
—#— S-ketoprofen enantiomer

60

40 4

20

Absorbed amount of R, S-ketoprofen enantiomers in chiral stationary phase (mg/ml)
©

—v— R-ketoprofen enantiomer
—m— S-ketorpofen enantiomer

Fig. 3. Adsorption amount of each enantiomer of two chiral col-

L
0 5

L
15

L
20

L
25 30

R,S-ketoprofen enantiomer concentration

in mobile phase(mg/ml)

umns (A : Chirex column, B : Kromasil column).

1400 4 ———o——  10uL-10mg/ml
— —= —  20pL-5mg/ml
— —s——  50uL-2mg/ml
1200 ~ v 100pL-1mg/ml
——e-—-- 200uL-0.5mg/ml
1000 ~ o a

S-ketoprofen S-ketoprofen

Intensity(mV)
@©
8

4.

600 -

400 - ! 3 .: f‘:"%.

i
Loog A 5
IL j i : % j L
200 - 1% C S
! i % Q
0 Il oo b
0 2 4 6 8 10 12 14
Time(min.)

Fig. 4. Chromatograms under conditions of equal loading amount
and different loading volumes at Kromasil column (1 : 1qul
of 10 mg/ml, 2 :20u of 5mg/ml, 3:50u of 2mg/ml, 4:
100p! of 1 mg/ml, 5: 200ul of 0.5 mg/ml, flow rate=1.0 ml/
min, temperature=40°C, mobile phase=HXN/-BME/Ace-
tic acid=60/40/0.1, wavelength=254 nm).

taining the same quantity of ketoprofen in injection samples. While
sample volume increased, peak width was gradually broadened.
When sample volume was over }00the chromatogram spread
out too much at 200 and so we chose 1pDas the maximum
sample loading volume.

The concentration of ketoprofen racemate was so high that ab-
sorbance value of the UV detector was over its limit at 254 nm of
wavelength. Therefore, we measured the absorbance of ketoprofen
at a different wavelength. The maximum peak of absorbance of ke-
toprofen was measured at 254 nm; at the other side that of ketopro-
fen showed 10% of the absorbance at 350 nm (Fig.5). So the
wavelength of the UV detector was varied to 350 nm.

Chromatograms from overloading experiments are illustrated in
Fig. 6. Due to high concentration of ketoprofen, the peak of each
enantiomer is fused at the middle of two peaks. In this case, we col-
lected 10Qul of samples containing separated ketoprofen enanti-
omer every 6 seconds from the elution stream, and reanalyzed the
fractions with analytical condition. When 1j@0of 10 mg/ml sam-
ple was loaded, the peak of S-ketoprofen was eluted at 7.2 min and
then 11 fractions, which were collected at the discharged stream
from the detector, were pooled to determine average concentration

Table 4. Results of fractionation experiments under various sample concentrations

Sample conc. of Loading amount Fraction Pooled  Concentration of Recovered amount
ketoprofen racemate (S-form) No. fraction  recovered S-form (Yields)
10 mg/ml 0.5mg 30 No. 1-11 0.4 mg/ml 0.44 mg
per a batch (7 min 12sec after injection) (1.1 ml) (86%)
30 mg/ml 1.5mg 30 No. 1-8 1.6 mg/ml 1.28 mg
per a batch (6 min 30sec after injection) (0.8 ml) (85%)
50 mg/ml 2.5mg 30 No. 1-3 5.3 mg/mi 1.59 mg
per a batch (6 min 18sec after injection) (0.3 ml) (64%)

Injection volume=210Qu, flow rate=1.0 ml/min, fraction volume=1Q0 (6 sec.), temperature=4G, mobile phase (HXN/t-BME/acetic

acid)=60/40/0.1A=350 nm.

March,
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Fig. 5. Absorbance of ketoprofen at different wavelength of UV,

200

400 500

Wavelength (nm)

sample concentration=30 mg/ml.

(A)

0.5

Absorbance

S-ketoprofen

R-ketoprofen

0.0

(B)

0.5

Absorbance

0.0

©

0.5

Absorbance

Fig. 6. Chromatograms under overloaded conditions; sample con-
centration : (A) =10 mg/ml, (B) =30 mg/ml, (C) =50 mg/ml,
injection volume=100ul, flow rate=1.0 ml/min, fraction vol-
ume=100yl (6 sec), temperature=40C, mobile phase=
HXN/-BME/Acetic acid=60/40/0.1, wave length=350 nm.

2.0

4.0

6.0
Time (min.)

8.0 10.0 12.0

be explained by the non-linear behavior chromatography which was

related with band broadening of chromatogram and shortening of

elution time of the second peak, under overloaded conditions, where
the fused region of two enantiomer peaks increases too much as
shown in Fig. 6C.

CONCLUSIONS

In order to isolate S-ketoprofen enantiomer from racemate mix-
ture, we selected the Kromasil CHI-Il column (covalent bonded
with O,0-bis(4-tert-butylbenzoyl)-N and N'-diallyl-L-tartardiamide)
as a stationary phase due to its resolution and low back pressure by
comparing of two CSP columns between thte Chirex column No.
3005 (R-type naphthylglycine and 3,5-dinitrobenzoic acid) and the
Kromasil CHI-II column. A suitable composition of mobile phase
for isolation of ketoprofen in the chosen stationary phase was set-
tled as hexane/t-BME/acetic acid=60/40/0.1 (%v/v). When the Kro-
masif CHI-Il column was used as stationary phase, non-linear be-
havior of column appeared over 10 mg/ml of sample concentra-
tion. Since the chromatogram of ketoprofen spread out when the
loading sample volume exceeded i)Gsample loading volume
was determined as 1Q0for overloading. In overloading experi-
ments, S-ketoprofen could be isolated by fractionation of eluted peaks.
The loaded amount of ketoprofen racemate was 3.0 mg per batch;
we gained 85% yield in the Kromasil column (4.2 ml column vol-
ume), and the average concentration of pooled fractions was 1.6 mg/
ml at the loading amount 3.0 mg.
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