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Abstract

Sertraline is a basic compound and of pharmaceutical application for antidepressant treatment. The compound has two chiral centers.
Separation of the three enantiomeric impurities from the parent compound is challenging. In this study, we successfully separated all four
stereoisomers by electrokinetic chromatography using highly suatgdlodextrin and highly sulfated-cyclodextrin as the chiral selectors.

The two chiral selectors provided different selectivity and therefore affected the overall separation profiles. This may be due to the size
difference between the dichlorophenyl moiety end and naphthalenamine moiety end, resulting in two different types of inclusion complexes
with the different cyclodextrins. For routine analysis, highly sulfajeryclodextrin was better than highly sulfateecyclodextrin. For each
stereoisomeric impurity, the method using sulfayetl/clodextrin provided a limit of quantitation at or lower than 0.1% of the drug substance

with adequate resolution. The critical resolution at this concentration level was not less than 4.0. Experimental data suggested that an internal
standard was necessary for the purpose of quantitation, and the practical linearity range for analysis of sertraline stereocisomeric impurities
was of about two orders of magnitude.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Table 1
Properties of un-modified cyclodextrin
Understanding the stereochemistry of pharmaceutical a-CD  B-CD y-CD

compounds is very important in regard to their biological ac- ynit of glucopyranose 6 7 8
tivities within human body. In 1992, Food and Drug Admin-  Molecular weight (g/mof 972 1135 1297
istration (FDA) has issued a policy statement for the develop- Volume of cavity 33)2 176 346 510
ment of new stereoisomeric drugs that requires the acceptablgolubility in watef (g/100 mL at 25C) 145 185 232
manufacturing control of synthesis and impurities, adequate d: AP 137 153 169
pharmacological and toxicological assessment, proper char-d: A or diameter of cavity v 7.8 9.5
acterization of metabolism and distribution, and appropri- Depth &)° 7.9 7.9 7.9

ate clinical evaluatioffil]. Adequate separation and accurate 2 Data from[4].
quantitation of the enantiomers is consequently required by ° Data from(5].
the regulation agency. This is a challenge to both chemical [6-28]. Although the exact inner and outer diameters of the
manufacturing and pharmaceutical industries. cavities of the sulfated CDs are not certain, we can predict
Chromatographic separation such as gas chromatographighat due to the replacement of hydroxy group®H) with
(GC) and especially high-performance liquid chromatogra- sulfate groups£SQOs~), d1 is increased and, is decreased,
phy (HPLC) has been widely used by the pharmaceutical the latter reflecting that the cavity of sulfated CDs is smaller
and chemical industry. The first chromatographic separationthan that of the un-modified CDs.
of enantoimers was published in 195. Since then, thou- Sertraline HCI, ocis-(1S,49)-4-(3,4-dichlorophenyl)-1,2,
sands of articles have been published on the chromatographi@ 4-tetrahydrd\N-methyl-1-nanphthalenamine  hydrochlo-
separation of enantiomers. One effective approach to the sepride, is an active pharmaceutical ingredient. Sertraline
aration of enantiomers is using a chiral selective stationary (Zoloft) is used in the treatment of all types of depression. It
phase. However, these chiral stationary phases are usuallynay also be used for panic disorder, social phobia, obesity,
made by coating the chiral selective material onto the sil- or obsessive-compulsive disorder (OCD). The empirical
ica bed. These coated stationary phases are not durable anfbrmula of sertraline HCl is §H17NCl-HCI. The molecule
quite expensive compared to a conventional reversed-phasgas two stereogenic centers. The structures of sertraline
column. The first application of CE to chiral separation was hydrochloride and its stereocisomers are showrFig. 1
published in 19883]. Since 1992, after the issue of FDA pol-  Sertraline is a secondary amine witKpof 9.47 &+ 0.20
icy on the development of new stereoisomer didgsmore  calculated using Advanced Chemistry Development (ACD)
and more research papers were published on chiral separasoftware Solaris V4.67 (1994-2003 A€ Separation of
tion by CE. Since 1995, more than 100 articles per year on sertraline stereoisomers by CE was reported once before
chiral separations by CE have been published. In addition[29]. Although the paper claimed the limit of quantitation
to that the operating cost of capillary electrophoresis (CE) of sertraline stereocisomeric impurities at a level of 0.1%
is much less than that of HPLC or GC, a CE method is of- when the active dis-(1549) (1) was injected together

ten more efficient and specific. Sometimes, CE methods canwith its stereoisomeric impurities at a limit of quantitation
be orthogonal to HPLC methods, and other times, CE meth- level, the paper did not demonstrate the separation of

ods can separate enantiomers that HPLC methods cannot dosertraline stereoisomeric impurities at 0.1% in the presence
Therefore, the use of capillary electrophoresis as the chiral of sertraline hydrochloride bulk drug substance. Based upon
separation technique is of tremendous advantageous. the resolution between the stereocisomers demonstrated in
Among the variety of chiral selectors, cyclodextrin has the papef29], sertraline enantiomeric impurities could not
been recognized as a very effective chiral selector. Cyclodex-pe possibly separated from sertraline at 0.1% level when
trin forms an inclusion complex with the analyte and due the bulk drug substance is analyzed because of the greater
to the difference of structures and positions, sterecisomersresolution needed for the separation of sterecisomers that
can be separated. Cyclodextrins are neutral, natural cyclicvary widely in concentration.
oligosaccharides obtained by enzymatic cleavage of starch. |n this paper, we focused on developing an analytical
When starch is treated with glycosyltransferases it undergoesmethod to separate sertraline hydrochlorid® ¢rom
hydrolysis furnishing a mixture of oligosaccharides consist- its stereoisomers by CE technology using electrokinetic

ing of six up to 13 glucose unitg}]. The a-, B-, andy-  chromatography (EKC) with highly sulfated cyclodextrins
CD contain six, seven, and eight glucose units, respectively. (HSCDs) as the chiral selectors. The HSCDs were the addi-
Their physical properties are listedTable 1 [4,5] The un- tive to the background electrolyte, the latter of which served

modified CDs alone cannot separate the neutral analytes inas a pseudo-stationary phase in capillary electrophoresis.
CE, and the separation window and selectivity of un-modified We demonstrated that the new developed analytical method
CDs for stereoisomeric separation of charged analytes areprovided a much superior selectivity and separation for
also limited. Therefore, researchers developed charged CDsg|| sertraline stereoisomers. Quantitation of enantiomeric

especially highly sulfated cyclodextrins that provide substan- impurities in the bulk drug substance at 0.1% or even lower
tial selectivity to awide variety of pharmaceutical compounds can be readily achieved.
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NHCH; NHCH;
l Cl ; ~Cl
Cl Cl

cis-(1S,4S)-Sertraline (1) cis-(1R,4R)-Sertraline (2)

NHCH; NHCH,

Cl Cl

8

Cl

trans-(1S,4R)-Sertraline (3) trans-(1R,4S)-Sertraline (4)

Fig. 1. Chemical structures of sertraline stereoisomers.
2. Materials and methods
2.1. Reagent

Sertraline hydrochloridec(s-(1S,49)-4-(3,4-dichlorophe-
nyl)-1,2,3,4-tetrahydrdN-methyl-1-nanphthalenamine  hy-
drochloride) orcis-(1S49) stereoisomerl), cis-(1R,4R)-4-
(3,4-dichlorophenyl)-1,2,3,4-tetrahydh-methyl-1-nanph-
thalenamine hydrochloride ais-(1R,4R) stereocisomerd),
trans-(1S,4R)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydib-
methyl-1-nanphthalenamine hydrochlorideti@ns(1S4R)
stereoisomerd), andtrans-(1R,49-4-(3,4-dichlorophenyl)-
1,2,3,4-tetrahydrdN-methyl-1-nanphthalenamine  hydro-
chloride ortrans(1R,4S) stereoisomer4) were purchased
from Interchem Corporation, Paramus, NJ, USA. Purified
DI water was from a Barnstead E-pure filtration system with
a resistance of at least 18® Methanol was purchased
from Fisher Scientific (Bellefonte, PA, USA). The back-
ground electrolyte, 50 mM triethylammonium phosphate

15

CA, USA). The average degree of sulfation was 11, 12, and
13 fora-, B-, andy-HSCD, respectively19]. The degree of
sulfation was determined from the sulfur/carbon ratio. The
chiral selector solutions and the 50 mM triethylammonium
phosphate buffer solution were kept at abot€4or storage.

2.2. Preparation of buffers and samples

All buffers were made in 25 mM of triethylammonium
phosphate aqueous solution at pH 2.5 containing 5% (w/v%)
of HS-CE aqueous solution by mixing 50 mM of triethylam-
monium phosphate aqueous solution at pH 2.5, purified water,
and 20% (w/v%) of an HSCD aqueous solution at the ratio
of 2:1:1. A stock solution containing all four stereoisomers
was prepared at the concentration of about 0.25 mg/mL by
dissolving in methanol first and diluting with purified water.
The final stock solution contained methanol and water at the
ratio of 10/90 (v/v%). The stock enantiomer solution was fur-
ther diluted with purified water serially to the concentration of
about lug/mL. The concentration atdg/mL was the limit
of quantitation solution. Sertraline hydrochloridés{(1S54S)
enantiomer,l) was dissolved in methanol first and diluted
with purified water to the concentration of 1.0 mg/mL, and
the volume ratio of methanol to water in sertraline hydrochlo-
ride sample solution was 10:90. An enantiomer mixture for
the chiral selector study was prepared at the similar manner
with the concentration range of 20—4@/mL.

2.3. Instrument method

All experiments were performed on a Hewlett-Packard
3DCE instrument, model G1600AX, equipped with a UV
diode array detector. Data were acquired at a rate of 2.5Hz
using Chemstation software, Rev. A.08.03. Fused silica cap-
illaries (50um i.d. x 365um o0.d.) from the same batch
(Polymicro Technologies, Phoenix, AZ, USA) were utilized.
A total length of 32cm was used, and the distance to the
detection window from the inlet (or injection end) of the cap-
illary was 23.5 cm. The cassette holding the capillary column
was controlled at the temperature of°2during the course
of method evaluation. The temperature of the autosampler
was ambient. The absorbance was measured at three wave-
lengths: 200, 215, and 230 nm. The wavelength for quantita-
tion and graphic illustration was 200 nm. The applied voltage
was 10 kV with the reversed polarity setting (negative at the
inlet or injection end). The voltage ramp time was 0.1 min.
The samples were delivered into the capillary by applying a
positive pressure of 25 or 15 mbar to the inlet (or cathode)
for5s.

buffer at pH 2.5 were purchased from Beckman Coulter 2.4. Column treatment

(Fullerton, CA, USA). The chiral selectors, highly sulfated
a-cyclodextrin (HSe-CD), highly sulfatedB-cyclodextrin
(HS3-CD), and highly sulfated,-cyclodextrin (HSy-CD)

Fresh capillaries were pretreated by flushing with 50 mM
triethylammonium phosphate buffer for 10 min, water for

with sodium as the counter ion were purchased as 20%5min, and the running buffer for 10 min. This procedure

(w/v%) aqueous solutions from Beckman Coulter (Fullerton,

was also used at the beginning of each sequence of runs,
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or whenever the chiral selector was changed within the same 03
sequence. Before the introduction of a sample, the capillary
was flushed with buffer for 2 min. A fresh capillary was used 0.25 4
whenever an experiment was performed on a different day.

g 0.2
3. Results and discussion § 017

S 0.1
3.1. Method development rational

0.05 _,
Sertraline is a basic compound. At pH 2.5, sertraline enan- L

tiomers are protonated. Highly sulfated cyclodextrins contain 0 4= ( . , .
the negative charged sites at the outer and inner surface of the 0 5 10 15 20
molecule. This provides the electrostatic interaction among Voltage (KV)

sertraline stereoisomers and HSCDs in addition to the hydro-
gen bonding between the analytes and HSCDs as well as the
cavity fitting. At pH 2.5, the electroosmaotic flow is strongly . i ,
suppressed. The negatively charged HSCDs migrate toward*O*9/mL were injected hydrodynamically. The resulting
the anode end of the capillajg8], and the positively charged ~ €/ectropherograms are shown fiig. 3 The three HSCDs
sertraline stereoisomers strongly interact with HSCDs and demonstrated different selectivity towards the stereocisomers

also migrate toward the anode. Depending upon the resc)lu_primarily due to the difference of cavity size and orientation
tion and separation time of a specific application, the sep- of interaction between the analytes. The overall elution order

aration can be achieved either by delivering samples from Of the four stereoisomers wip andy-HSCD in the running

the end with a longer distance to the detection window (nor- Pufférs was similar except that there was no resolution be-
mal migration direction) and reversing voltage polarity, or tweencis-(1R 4R)-sertraline g) andtran_s-(lR,zl_S-sertrallne

by delivering samples from the shorter end to the detection (4) When HSB-CD was used. More interestingly, the elu-
window and applying the voltage polarity conventionally. In tion or.der of Cis-(1543)-sertraline {) and trans(lS4R).-

our study, to maximizing the resolution in order to achieve sertrallne_s) change_d when HE-CD was repIaC(_ad W'th
adequate resolution for the enantiomeric impurities presentHSJY'CD |n.the running buffer. The results of elution times
at the trace level in bulk drug substance, we chose to deliver@nd resolutions are presentedTiable 2 The proposed ex-

samples from the longer end to the detection window and Planation to this observation is shown Kigs. 4 and 5
reverse the voltage polarity. When HSe-CD was used as the pseudostationary phase, the

dichlorophenyl moiety, the smaller end of the molecule, fit
into «-CD cavity better, while HS-CD was used as the
pseudo stationary phase, the naphthalenamine moiety, a big-

To determine the proper voltage for the separation, an ger end of the molecule, fit int@-CI_D cavity better. This is
Ohm's law plot was generated. After the capillary was con- SUPPOrted by the molecular modeling software Hyper Chem

ditioned with each highly sulfated cyclodextrin at the room _that provides the detailed atomistic simulations. The cav-

temperature, the voltage at 5, 7.5, 10, 12.5, and 15kV was!'tY of a-CD fits better for molecules with one six-member
applied separately. The power per unitlength was obtained by'I"9 @nd the cavity ofy-CD fits better for those with two
the Chemstation software. The Ohm's law plot was demon- S|x-me_mber rings. As a r_esult, a different selectivity for the
strated irFig. 2 The power at a given voltage far, -, and stereoisomers was obtained. When &&D was used as
v-HSCD was the same. Usually, the applied voltage should Table 2

be kept within the Iinea_r range. In our case, althoggh the Eftect of cyclodextrin size on the separation

Ohm’s law plot was not linear beyond 5 kV, our experiments

Fig. 2. Ohm’s law plot at room temperature.

3.2. Choice of voltage

HS-«-CD

demonstrated that the voltage could be extended to 10kV.  guion order 1 2 4 3
With the consideration of obtaining an efficient separation  Retention time (min) 5.07 5.30 5.83 8.94
and controlling the Joule heating within a limited range, a  Resolution NA Ry2=244 Rp4=4.90 R43=20.53
voltage at 10 kV was used for the following studies. HS-B-CD
Elution order 3 2and4 2and4 1
3.3. Effect of the size of cyclodextrin cavity on Retention time (min) 4.14  4.60 4.60 4.91
separation Resolution NA R32=6.26 Ry4=0 Ra1=4.26
HS-+y-CD
The three HSCDsq, B, andwy, were added to the tri- Elutonorder 3 2 4 1
ethylammonium phosphate buffer separately. The mixtures Eztsi?ﬂgg;'me (min) S'A57 R:j:z 10.94 szi64. 17 mjlggg_ 6

of stereoisomers at the concentrations ranging from 20 to



M.X. Zhou, J.P. Foley / J. Chromatogr. A 1052 (2004) 13-23 17
mAU
18
16
144

12

10

mAU ]
40
30 3

204

ca— |

mAU

22.5

17.5 3

R ————
(© 2 4 6 8 10 12 min

Fig. 3. Effect of chiral selector on separation. (Experimental conditions: Temperature wagGgtst@reoisomer concentrations were about 2QsglénL ;
voltage was-10 kV; hydrodynamic injection was at pressure of 15 mbar for 4 s. The running buffer was 25 mM triethylammonium phosphate at pH 2.5 with
5% (w/v%) HS&-CD in Fig. 5a; 5% (w/v%) HSB-CD in Fig. Sb and 5% (w/v%) HSy-CD in Fig. 5.)

the pseudostationary phase, the critical pair was betaisen  stereoisomers with the resolution of 4.2 and the adtige
(1S49) (1) andcis-(1R4R) (2) stereoisomers with the reso- (1S4S) (1) stereoisomer was eluted last. Therefore, use of
lution of 2.4 as shown ifrig. 3a and the active compound HS-y-CD as the chiral selector would result a superior an-
Cis-(1S49S) (1) stereoisomer was eluted first. When WD alytical method with a substantial resolving power for the
was used as the pseudostationary ph&gg @c), the criti- quantitation of trace amounts of sertraline stereocisomers in
cal pair was betweenis-(1R4R) (2) andtrans(1R,49) (4) the bulk drug substance.

NHCHj

Cl
Cl
N NN
HS-0-CD
| Py
> m

Fig. 4. Chiral recognition of HS-CD on sertraline. Fig. 5. Chiral recognition of HS~CD on sertraline.
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3.4. Method development EOF, we did not decrease the buffer concentration below
25mM.

To obtain the optimized temperature, the text mixture at  The concentrated stock test mixture in 90/10 wa-
the concentration range from 20 tod@/mL was tested atthe  ter/methanol was diluted with 25 mM phosphate buffer,
controlled cassette temperature of 12, 18, 22, 25, 30, 40, 50,25 mM phosphate buffer with 5% (w/w) H$-CD, and wa-
and 60°C. Although the lowest setting of the instrument was ter, respectively, to reach the testing concentration range from
nominally 5°C, due to insufficient cooling, 12 was the 20 to 40pg/mL. The experimental results confirmed that
lowest temperature that we have used. The highest critical resthere was no difference in the electropherograms with the
olution was found at 12C when the running buffer was 5% different sample solutions for the final method. Therefore,
(W/v%) HS+y-CD in 25 mM triethylammonium phosphate at water was used to dilute the stock sample solutions. Dur-
pH 2.5 was used. When the temperature of the capillary wasing the study, we used the photo diode array detector and
held at 12°C, different concentrations of H$-CD in w/w% collected the UV spectra of the compounds as well as the
suchas0.05,0.1,0.5,1.0, 2.5,5.0,and 10.0 in 25 mM triethy- electropherograms at 200, 215 and 230 nm to compare the
lammonium phosphate at pH 2.5 were tested. It was found signal-to-noise ratio. The results demonstrated that the best
that at the concentration range from 2.5 to 5.0%, the overall signal-to-noise ratios for all four compounds were obtained
separation including peak shape and resolution was the bestat 200 nm. However, we did observe a slight difference in
Since the 50 mM phosphate buffer at pH 2.5 was purchased,Amax among the four compounds. An explanation of this ob-
in order to keep enough buffering capacity and maintain low servation is that what was detected at a given time was the

mAU J
E 3 2 4 1
4.5
-5 \
5.5
E
6.5
s e L e S Sy B s
(@) 1.5 2 2.5 3 3.5 4 45 5 5.5 min
mAU
2_
07
_2,
-4
—— — , — —
(b) 15 2 2.5 3 35 4 4.5 5 5.5 min
mAUS
30
25
20
15
104
5
0
(C)_“"I""I""\""I""I""I""I""I""\
1.5 2 2.5 3 3.5 4 4.5 5 5.5 min
mAU
100
80
60
40
20
0_
—_—¥7—
@ 15 2 2.5 3 3.5 4 4.5 5 5.5 min

Fig. 6. Electropherograms of the linearity study. (Experimental conditdrs:-10 kV, hydrodynamic injection was at pressure of 25 mbar for 5s. The running
buffer was 5% (w/v%) HSy-CD in 25 mM triethylammonium phosphate at pH 2.5. Temperature *C1Zoncentrations of stereocisomer mixtures: (a) about
1.0pg/mL, (b) about 1Qug/mL, (c) about 5Qug/mL, and (d) about 25Qg/mL.)



M.X. Zhou, J.P. Foley / J. Chromatogr. A 1052 (2004) 13-23 19

mixture of an individual compound and its complexes with 3.5.1. Linearity, limit of quantitation, and limit of
HS-y-CD. The Amax Of a given compound was shifted due detection
to the presence of HS-CD. It often occurred that worse Mixtures of enantiomers at concentrations from 250 to
experimental results were obtained if a capillary was stored 1 wg/mL were prepared. The resulting electropherograms are
for a certain time after being used. It seemed that the sur-shown inFig. 6. Although the peak shape was distorted for
face condition had been changed irreversibly. Therefore, it the later eluting Compounds 2, and4 at the concentration
is recommend that a fresh capillary be used for an experi- of 250u.g/mL, the linearity plot of concentration versus cor-
ment performed on a different day. The experimental con- rected area for all four compounds had a linear correlation
ditions used for the validation experiments below were as coefficient {2) of not less than 0.999, and the intercept was
follows: the running buffer was 5% (w/v%) H$CD in not more than 0.007, as showrHigy. 7a—d. The limit of quan-
25 mM triethylammonium phosphate at pH 2.5, the temper- titation of the stereoisomer impuritiez-4, was 1.Qug/mL,
ature of the capillary cassette was held at@2the voltage shown inFig. 6a that demonstrated a signal-to-noise ratio of
was —10KkV, the data collection time per injection was not about 10 for each compound, and the limit of detection of the
more than 10 min, the hydrodynamic injection pressure was stereoisomer impuritie2-4, was about 0.2pg/mL for the
25mbar for 5, and the UV wavelength for data collection given experimental conditions. A drug substance sample at
was at 200 nm. the concentration of 1.0 mg/mL was prepared. The electro-
pherogram irFig. 8 showed that trace amounts of stereoiso-
mer impurities2—4 were present. The limit of quantitation
at the concentration of 10g/mL was equivalent to 0.1% of
3.5. Limited validation of the optimized method the sample concentration. As there was an adequate resolu-
tion between each pair of stereocisomers, and especially, the
The validation demonstrated here only covered key ele- parent compound eluted the last, a larger amount of injection
ments of an analytical method. It is to show the feasibility of of the drug substance sample would not interfere the quan-

this method to be used for the routine analysis. titation of its stereoisomeric impuritiea-4. Therefore, an
Cis-(1S,4S)-Sertraline (1) Cis-(1R,4R)-Sertraline (2)
2.0 2.0
y = 5.4909x - 0.0043 y = 6.0797x - 0.0013
R? = 0.9990 R? = 0.9992
g 1.5 g 1.5
< <
k-] ©
) Q
;u'; 1.0 g 1.0
E E
o [=]
2 0.54 © 0.5
-
0.0 ; : : . ; i 0.0 ’ ‘ . ’ ‘
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
(a) Concentration (mg/mL) (b) Concentration (mg/mL)
Trans-(1S,4R)-Sertraline (3) 2.0 Trans-(1R,4S)-Sertraline (4)
2.0 : a
y = 6.4622x + 0.0067 O—
> & y=6. x + 0.
3 1.5 R =0.9993 2 1.5 R? = 0.9994
= <
=]
;
0 1.0 1.0
3 o
0.5 0.5-
0.0 ; : . ; : ! o
0 0.05 0.1 0.15 0.2 0.25 0.3 o 0.05 01 015 0.2 0.25 0.3
(c) Concentration (mg/mL) (d) Concentration (mg/mL)

Fig. 7. (a) Linearity plots of: (afis-(1S49-sertraline HCI 1); (b) cis-(1R,4R)-sertraline HCI 2); (c) trans(1S4R)-sertraline HCI 8); (d) trans(1R,49)-
sertraline HCI 4).
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mAU impurities from the active sertraline hydrochloride stereoiso-
-3 mer (1) were demonstrated by injecting the stereoisomer mix-
tures at the concentrations ranging from 1.0 to 2§0mL in
4 triplicate.
e . 3.5.2.1. Amount of analyte obtained by using corrected peak
-6] 2 1 area. The concentration of each stereoisomeric impurity
found in each solution was obtained by using the external
74 standard method and the results are representédhle 3
Eq. (1)was used for the calculation of the amount of impurity
hs in mg/mL.
-91 . Cexstd 1
" Concentration= Ajmp X Ao X RRE (1)
where Aimp is the area of an impurity in sample solution,
-1 Cexstd the concentration of the external standard that con-
2 3 4 5 6 7 8 min tained 1Qug/mL of cis-(1S49)-sertraline 1), Aexstdthe aver-

age peak area of the external standard, and RRF the relative

Fig. 8. Overlaid electropherograms of sertraline stereocisomer impurities at response factor of an impurity. RRF is defined as:
1.0pg/mL and sertraline hydrochloride drug substance at 1.0 mg/mL. Ex-
RFimp

perimental conditions were the same as thod&dn 6.

RF
even lower quantitation and detection limit in percent of the Std_ ) ) )
active drug can be easily achieved by increasing the drug sub-Whereé Rimp is the response factor of an impurity that is
stance concentrationNbte: Practically, it is recommended ~ €dual to the slope from the linearity plot for the impurity, and

that the linearity range of the impurities be evaluated in the RFstd the response factor of the standard sertralietiat
presence of the main component at its sample concentratiorfS €qual to the slope from the linearity plot of sertralid (

RRF=

)

or 1 mg/mL in this case.) The relative response factors of the stereocisomeric impuri-
ties were found to be 1.1, 1.2, and 1.1 for stereoisoraeds
3.5.2. Quantitative analysis and4, respectively. It was found that the amount of response

The ability of an analytical method to be able to identify factor was related to the interaction with the HSCD. The an-
and quantitate a known or an unknown compound is reflecteq@lytes migrated through the detection window in the forms of
by its accuracy and precision. The accuracy and precision ofboth by itself and HSCD—sertraline complexes. The portion
the method developed for the separation of the stereoisomeric@f HSCD—sertraline complexes contributed to the difference

Table 3
The concentration of impurity found—external standard method
Compound Solution Concentration Concentration Concentration Average R.S.D.
no. no. (mg/mL) Injection 1 (mg/mL) Injection 2 (mg/mL) Injection 3 (%)
1 0191 0230 Q0208 0210 92
2 0.118 Q128 Q120 Q122 42
2 3 0.0445 00354 00331 Q0377 159 (4.6}
4 0.00986 00113 00103 00105 69
5 0.00222 000208 000189 000207 80
Average: 89 (6.6}
1 0.183 Q0217 Q205 0202 85
2 0.122 Q142 Q124 Q129 86
3 3 0.0412 00359 00339 00349 103 (4.1
4 0.0104 Q0120 00100 00108 96
5 0.00284 000310 000245 000280 116
Average: 97 (8.57
1 0.182 0215 Q0192 0196 85
2 0.117 Q129 Q124 0123 50
4 3 0.0433 00341 00315 00363 173 (5.6}
4 0.0098 00108 00096 00100 63
5 0.00174 000177 000164 000172 41
Average: & (5.97

Note: The experimental conditions were the same as thoB&ir6 except the concentration of the solution.
a Result in parenthesis obtained when the outlier (Injection no. 1 of Solution no. 3) was excluded.
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Table 4
The concentration of impurity found—internal standard method
Compound Solution Concentration Concentration Concentration Average R.S.D.
no. no. (mg/mL) Injection 1 (mg/mL) Injection 2 (mg/mL) Injection 3 (%)
1 0.248 Q0249 0255 0251 14
2 0.146 Q0149 Q0144 Q0146 17
2 3 0.0510 00515 00523 Q057 11
4 0.00996 001056 001094 0012 42
5 0.00163 000150 000157 00017 37
Average: 24
1 0.238 0236 0250 0285 2.7
2 0.151 Q0166 0148 Q177 53
3 3 0.0473 00522 00534 0060 54
4 0.0105 Q0112 00106 0013 29
5 0.00209 000223 000203 00025 41
Average: 4
1 0.237 0233 0235 0261 0.7
2 0.144 Q0151 Q0148 Q0162 19
4 3 0.0496 00497 00497 0055 01
4 0.0099 00101 00102 0011 12
5 0.00128 000128 000136 00014 32
Average: 14

Note: The experimental conditions were the same as thoB&ir6 except the concentration of the solution.

of the response factor among the four sterecisomers. It is3.5.2.2. Retention timeRetention time data for each com-
clear that the relative standard deviation (%) of the amount pound are given ifTable 5 Although the relative standard
of an impurity found from the injection of the same sample deviation (%) of a compound obtained from the injections of
solution three times was quite high. This poor precision may the same solution three times was less than 2.0%, the overall
be due to the poor consistency of the sample delivery systemrelative standard deviations (%) of Compouddsndl, the
and the fluctuation of EOF. Based upon the resuldést, last two eluting peaks, obtained by including all sample so-
the Injection 1 of Solution no. 3 was an outlier and it was lutions and all injections, were at or greater than 2.0%. This
the cause of the high relative standard deviation. This varia- is due to the large variations in retention times of the com-
tion of the amount of sample delivered to the capillary can be pounds in the most concentrated sample solution at about
corrected by using the internal standard method for quantita- 250,.g/mL. Such amount of variation in retention time may
tion. We used the parent compound sertraline HEBS the introduce difficulty in peak identification. Excluding the data
internal standard just for the sake of demonstration. Practi- points at the highest concentration for the last three eluting
cally, another compound that elutes away from the group of peaks, Compoundk 2, and4, the overall relative standard
stereoisomers could also be used as the internal standard. Thdeviations (%) of not more than 1.0% for all analytes were ob-
amount of the impurities in each solution was recalculated by tained. Therefore, for the purpose of tentative identification
usingEg. (3)and the data are presentediable 4 via retention times, the method is only valid to the concen-
tration level up to about 150g/mL based upon this study.
Cinstd 1 (3)

Y =
Ainsta  RRF 3.5.2.3. Theoretical plate numben pharmaceutical indus-
whereAinsd is the area of the internal standard in sample so- try. in addition to the commonly used parameters such as the
lution, andCinstg the concentration of the internal standard relative standard deviation of peak area, retention time, and
in sample solution. The results Fable 4demonstrated the ~ resolution, another criterion often used to measure the sys-
overall improvement of the precision reflected by the rela- tem suitability for quantitative analysis is the theoretical plate
tive standard deviation (%). Therefore, the use of an internal Number, which is guided by the commonly referred United
standard for the quantitation is necessary to obtain an ac-State Pharmacop[&0]. The number of theoretical plates)(
ceptable accuracy and precision. Furthermore, data in bothof each peak in each injection demonstratedable 6was
Tables 3 and demonstrated that the average relative standard Obtained by the tangent method:

deviation (%) decreased with the elution order sucB,&s ( " )2

Concentration= Ajmp x

and4. The closer was a compound to the referenced standard: = 16 x (4)
compound, the lower the relative standard deviation. This was

quite possibly due to the fluctuation of electroosmotic flow wheret; is the retention time of a peakin min andWg
within a run, so that the further a compound eluted from the the base width of the peak in min, obtained by intersecting
reference compound, the worse the precision and accuracytangents through the inflection points with the baseline. The
for that compound. numbers less than 10,000 in boldTable 6were from the

Ws
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Table 5
Precision—retention time
Compound no. Concentration Ratio of RT (min) RT (min) RT (min) Average R.S.D.
(mg/mL) molarity? Injection 1 Injection 2 Injection 3 (%)
0.28 0052 528 529 523 527 0.6
0.17 0031 496 490 492 493 07
0.056 0010 504 501 500 502 05
1 0.011 Q002 500 498 496 498 03
0.0011 00002 497 496 495 496 03
Average 503 27
Averag® 4.97 08
0.25 0047 418 416 415 416 0.4
0.15 0028 412 412 411 412 01
0.05 0009 408 407 4.06 407 02
2 0.010 Q002 405 404 403 404 03
0.0010 00002 403 402 401 402 02
Average 408 14
Averag® 4.06 10
0.24 0045 360 353 357 356 0.9
0.14 0027 355 354 353 354 03
3 0.048 Q009 354 353 353 353 01
0.010 Q002 352 351 350 351 02
0.0010 Q0002 350 349 348 349 02
Average 363 08
0.24 0044 446 446 442 445 0.5
0.14 0026 428 424 425 426 05
0.047 Q009 430 428 428 429 03
4 0.009 Q002 427 426 425 426 03
0.0009 Q0002 425 424 423 424 03
Average 430 20
Averag® 4.26 05

Note: The experimental conditions were the same as thoB&in6 except the concentration of the solution.
2 Ratio of molarity is defined as the molarity of analyte to that of 4#6D.
b The data point at the highest concentration was not included.

Table 6

Theoretical plate number

Compound no. Concentration Ratio of Plate no. Plate no. Plate no.
(mg/mL) molarity? Injection 1 Injection 2 Injection 3
0.28 0052 3700 2900 3500
0.17 0031 9100 4100 5500

1 0.056 Qo010 44900 67600 69300
0.011 Q002 48600 42700 44600
0.0011 00002 39800 49200 52800
0.25 0047 49000 6400 8000
0.15 0028 26500 23200 21000

2 0.05 0009 63400 78600 76400
0.010 Q002 64200 72161 53200
0.0010 00002 49100 57500 58900
0.24 0045 48100 40900 45300
0.14 0027 62800 33000 41400

3 0.048 Q009 57300 54100 65800
0.010 Q002 65300 65000 59400
0.0010 Q00002 50300 44600 52700
0.24 0044 8400 6900 8000
0.14 0026 27100 18500 25900

4 0.047 Q009 74300 81800 81600
0.009 Q002 66700 64500 66000
0.001 Q0002 57500 50400 55500

Note: The experimental conditions were the same as thoBegin6 except the concentration of the solution.
2 Ratio of molarity is defined as the molarity of analyte to that of 4#6D.



M.X. Zhou, J.P. Foley / J. Chromatogr. A 1052 (2004) 13-23 23

distorted peaks of Compountls?, and4 in the sample solu- [71 Q. Zhou, W.-P. Yau, E. Chan, Electrophoresis 24 (15) (2003)
tion at about 25@.g/mL andlin the sample solution at about 2617.
150pg/mL. Therefore, the number of theoretical plates also [81 C- Perrin, H. Fabre, M. Maftouh, D.L. Massart, . Vander Heyden,

. . J. Chromatogr. A 1007 (1-2) (2003) 165.
confirms that although the method is linear up to the concen- [9] L. Guo, S.J. Lin, Y.F. Yang, L. Qi, M.X. Wang, Y.J. Chen, Chro-

tration of about 25@.g/mL, for the purpose of quantitation matogr. A 998(1—2) (2003) 221.
of stereoisomer impurities, the range of the method is from [10] F-T.A. Chen, LCGC North America 21(4) (2003) 366, 368, 370,
1 to 150pg/mL, which is about two orders of magnitude. 374.

[11] L. Guo, S.-J. Lin, Y.-F. Yang, L. Qi, M.-X. Wang, Y. Chen, Sepu
20 (5) (2002) 407.

. 12] F.-T.A. Chen, R.A. Evangelista, American Lab. 34(16) (2002) 30,
4. Conclusion [12] 9 (16) (2002)

32.
) ) . [13] Y.T. lwata, A. Garcia, T. Kanamori, H. Inoue, T. Kishi, I.S. Lurie,
A cost effective analytical method for the separation of Electrophoresis 23 (9) (2002) 1328.

sertraline enantiomers using capillary electrophoresis was de{14] C. Foulon, J.-F. Goossens, E. Fourmaintraux, J.-P. Bonte, C. Vaccher,
veloped by using HS-CD as the chiral selector. This method E'ECUOF;]T?OFGS'S 23 (7-8) (2%02)h1121-
demonstrated superior enantiomeric selectivity and resoly-11°! N- Matthijs, C. Perrin, M. Maftouh, D.L. Massart, Y. Vander Heyden,
. . . . . J. Pharm. Biol. Anal. 27 (3—4) (2002) 515.
tionto the preV'OUSIV pUbI'Shed 0'[@9] A limit of quantita- [16] C. Perrin, Y. Vander Heyden, M. Maftouh, D. Luc Massart, Elec-

tion of each enantiomeric impurities at 0.1% or lower of the trophoresis 22 (15) (2001) 3203.

drug substance sample concentration can be easily obtainedl7] F.-T.A. Chen, G. Shen, R.A. Evangelista, J. Chromatogr. A 924 (1-2)
In this study, we found that depending upon the chemical [18] Sgogo?lifé V.A.P. Jabor, F.O. Paias, V.L. Lanchote, J. Lig. Chro
Structure qf the analyte, the different size (_)f_ cyclodextrm matog, Related Technol. 24 ®) (2001’) 1115, ' q
might provide an adverse effect on the selectivity and elution 19; v wuy, H.K. Lee, S.F.Y. Li, J. Chromatogr. A 912 (1) (2001) 171.
order. In addition, for the purpose of quantitation, an internal [20] Y. Kuwahara, S.-I. Izumoto, H. Nishi, Bunseki Kagaku. 50 (1) (2001)
standard is necessary for this CE method. Furthermore, for  69.

the purpose of identification and quantitation, this CE method [21] S. Terabe, K. Ohtsuka, H. Hayashibara, S. Yamauchi, Jpn. Kokai

. . Tokkyo Koho (2000) 7.
has a working range of about two orders of magnitude. [22] F.A. Chen, R.A. Evangelista, J. Chi. Chem. Soc. 46 (5) (1999) 847.

[23] K. Verleysen, T. Van den Bosch, P. Sandra, Electrophoresis 20 (13)
(1999) 2650.

References [24] A.B. Bergholdt, S.V. Lehmann, Chirality 10 (7) (1998) 699.
[25] Y.T. lwata, T. Kanamori, Y. Ohmae, K. Tsujikawa, H. Inoue, T.
[1] http://www.fda.gov/cder/guidance/stereo.htibay 1, 1992. Kishi, Electrophoresis 24 (11) (2003) 1770.
[2] S.G. Cottis, H. Falk, K. Schloegl, Tetrahedron Lett. 6 (33) (1965) [26] Y. Deng, J. Zhang, T. Tsuda, P.H. Yu, A.A. Boulton, R.M. Cassidy,
2857. Anal Chem. 70 (21) (1998) 4586.
[3] E. Gassmann, J.E. Kuo, R.N. Zare, Science 230 (4727) (1985) 813. [27] R.H. Pullen, J.J. Brennan, G. Patonay, J. Chromatogr. A 691 (1-2)
[4] A. Chrambach, M.J. Dunn, B.J. Radola, Advances in Electrophore- (1995) 187.
sis., VCH Publishers Inc., 1994. [28] A.M. Stalcup, K.H. Gahm, Anal Chem. 68 (8) (1996) 1360.
[5] P.D. Brossman, J.C. Colburn, Capillary Electrophoresis Theory and [29] S.E. Lucangioli, L.G. Hermida, V.P. Tripodi, V.G. Rodriguez, E.E.
Practice, Academic Press Inc., 1992. Lopez, P.D. Rouge, C.N. Carducci, J. Chromatogr. A 871 (2000)
[6] S. Rudaz, E. Calleri, L. Geiser, S. Cherkaoui, J. Prat, J.-L. Veuthey, 207.

Electrophoresis 24 (15) (2003) 2633. [30] United State Pharmacopia, National Formulary, vol. 26, 2003.


http://www.fda.gov/cder/guidance/stereo.htm

	Analytical method for the quantitation of sertraline hydrochloride stereoisomers by electrokinetic chromatography
	Introduction
	Materials and methods
	Reagent
	Preparation of buffers and samples
	Instrument method
	Column treatment

	Results and discussion
	Method development rational
	Choice of voltage
	Effect of the size of cyclodextrin cavity on separation
	Method development
	Limited validation of the optimized method
	Linearity, limit of quantitation, and limit of detection
	Quantitative analysis
	Amount of analyte obtained by using corrected peak area
	Retention time
	Theoretical plate number



	Conclusion
	References


