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Abstract

A new method for chiral determination of apomorphine enantiomers was developed and validated. Seven different neutral and charged
cyclodextrins were tested for enantioselectivityRB&apomorphine. Sulfobutylethg@-cyclodextrin was found to offer the best resolution,
but with this system, four peaks were detected from a solution of the two enantiomers, which was suggested to be the result of different
forms of the complex between the selector and apomorphine. A complexation constant was estimated for a complex of 1:1 ratio for the
second and the fourth peak, whereas the other two peaks were fitted to a model ratio of 1:2 (analyte—selector). To avoid this phenomenon,
hydroxypropylg-cyclodextrin was then chosen as the chiral selector. An optimisation study was performed on three factors: concentration
of the chiral selector, pH of the buffer, and applied voltage. Optimum conditions were: 14 mM of hydroxygropgledextrin, pH 3.0, and
16 kV. UV detection was at 200 nm. The method was validated at the chosen conditions, offering a limit of detectipivb&a®a limit of
quantification of 0.;uM. The validated method was applied for the determinatioR,8fapomorphine in a transport study with an in vitro
cell culture model of the intestinal mucosa (Caco-2).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [6], sublingually{7], or iontophoreticallyj8]. The analysis of
apomorphine in almost all studies, however, was performed
R-Apomorphine (R-APQ), a potent dopamine agonist with liquid chromatographic methods with UV detection
evenly responding to Pand D» receptors, was the first [9,10], LIF detection[4], and especially electrochemical
dopamine agonist given to patients with Parkinson’s diseasedetection[5,11-14] No method was found using capillary
[1,2]. It gained renewed attention later on thanks to the electrophoresis. AlthougR-apomorphine is administered as
effectiveness in the management of Parkinsonism, by a single enantiomer, it is important to study the stereoselec-
reducing the “off” period by at least 508]. A considerable tivity of the uptake, distribution, and metabolism of apomor-
number of studies have been done on the pharmacokineticphine in the body. Therefore, several chiral LC methods have
and pharmacodynamic behaviour of R-APO by several been developed for the determination of both enantiomers
routes, intravenously4], subcutaneouslys], intranasally [11,12] In this study, a chiral capillary electrophoretic
method was developed and validated for the analysis of
* * Corresponding author. Tel.: +32 16 323443; fax: +32 16 323448, aPOMorphine enantiomers. As an application, the method
E-mail addressann.vanschepdael@pharm kuleuven.ac.be was used in the determination of apomorphine enantiomers
(A. Van Schepdael). in a transport study using an in vitro cell culture model of the
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intestinal mucosa, Caco-2. This cell culture system was used2.3. Primary conditions
just as a surrogate for a monolayer system to explore the
feasibility of the approach in exploring the transepithelial A 50um i.d. uncoated fused-silica capillary was used in
transport characteristics of apomorphine. More applications the beginning, but to enhance sensitivity, b i.d. was fi-
can be carried out afterwards on nasal mucosa cell culturenally chosen, with atotal length{) of 50 cm and an effective
system to study the intranasal administration of apomorphine.length (g) of 40 cm. The temperature of the capillary was
always maintained at 2% with the liquid-cooling system.
A voltage of 20 kV was applied. Detection was performed at

2. Experimental 270 nm, which is one of the two maxima (200 and 270 nm)
in the UV spectrum of APO.
2.1. Chemicals Several buffer systems were tested for choosing the ap-

propriate background electrolyte (BGE). Since aunbi.d.
R-Apomorphine hydrochloride hemihydrate 99% was was used, two biological buffers were also included to avoid
purchased from Sigma Aldrich Chemie (Steinheim, Ger- too high a current.

many). SApomorphine hydrochloride 99% was  from (1) 50 and 100 mM sodium phosphate buffer, pH 7.0 and 3.0
Aldrich (M|Iwaul_<ee, Wi). (2) 50 and 100 mM Tris, adjusted to pH 7.0 and 3.0 with
B-Cyclodextrin hydrate §-CD) and hydroxypropy[3- 100 MM HsPOy

cyclodextrin (HPB-CD) were purchased from Acros Or- . .
) . . 3) 100 mM BES, adjusted with 100 MM NaOH to pH 7.0
ganics (Geel, Belgium). Methyg-cyclodextrin (Meg-CD) E4g 100 MM MES aéjusted with 100 mM NaOH toppH 6.0

and sulfated3-cyclodextrin (SB-CD) sodium salt were and 5.5

provided by Aldrich. Heptakis-(2,3-diacetyl-6-sulfat®)- '

cyclodextrin (HDAS) was purchased from Regis Technolo- A buffer pH lower than 7.0 was selected to obtain higher

gies (Morton Grove, IL, USA). Advasep 4 (sulfobutylether- stability of APO[15]. The instability is believed to result from

B-cyclodextrin sodium salt, SBB-CD) was from CyDex the auto-oxidation of APO during exposure to light and air

(Overland Park, KS, USA). Carboxyethgkcyclodextrin [15,16] For the same reason, 0.005% (w/v) mercaptoethanol

(CE3-CD) was obtained from Cyclolab (Budapest, Hun- was added to APO solution as an anti-oxidation reaje3jt

gary). Among all, Tris—phosphate buffer gave the best results.
Hanks’ Balanced Salt Solution (HBSS) without Phenol Sodium phosphate buffer generated too high a current (up to

Red was from Cambrex Bio Science (Verviers, Belgium). 150pA). MES and BES buffers could overcome this draw-

Caco-2 cells for the in vitro uptake study were purchased back, but the peak shape was very poor, resulting in low

from Invitrogen (Merelbeke, Belgium). Mesityl oxide [used efficiency. Moreover, the results suggested that lower pH

as electro-osmotic flow (EOF) marker], sodium dihydro- gave much better result, while MES and BES buffers are not

gen phosphate and sodium tetraborate decahydrate originateduitable for the acid pH range. The 100 mM Tris—phosphate

from Acros Organics. Tris 99.9% was purchased from Ap- buffer pH 3.0 was therefore chosen as background electrolyte

pliChem (Darmstadt, Germanyy,N-bis[2-hydroxyethyl]-2- (I =75nA).

aminoethanesulfonic acid (BES) 99% and\2fhorpholino]-

ethanesulfonic acid (MES) 99.5% were obtained from

Aldrich. Sodium hydroxide andrtho-phosphoric acid 85% 3. Results and discussion

p.a. were obtained from Riedel-de &ta(Seelze, Germany)

and hydrochloric acid 37% and methanol were purchased3.1. Cyclodextrin screening

from Fisher Chemicals (Leicestershire, UK). All aqueous

solutions were prepared with water purified by a Milli- Solutions of 10Q.M R-APO and 10M S-APO were

Q 50 ultra purification system (Millipore, Bedford, MA, prepared in 0.005% (m/v) mercaptoethanol solution, and

USA). were injected by pressure [3447.4 Pa (0.5 psi), 5s]. Seven cy-
clodextrins (CDs) were introduced in the screening, including

2.2. Equipment three neutral CD$3-CD, Me3-CD, and HPB-CD; one ion-

isable: CEB-CD, which acts more like a neutral CD at pH
All capillary electrophoretic experiments were per- 3.0; and three negatively charged ones: SBED, S{3-CD,

formed on a P/ACE MDQ Capillary Electrophoresis Sys- and HDAS. With the anionic cyclodextrins, no peaks were
tem (Beckman Coulter, Fullerton, CA, USA) equipped with detected at normal polarity. They were therefore also tested
a photodiode-array detection (DAD) system, controlled by at reversed polarity, with the same field strength. Results are
32 Karat software, version 5.0 (Beckman Coulter). Uncoated shown inTable 1

fused-silica capillaries of 50 and &n i.d. were purchased SBE-CD at reversed polarity gave the best resolution
from Polymicro Technologies (Phoenix, AZ, USA). The pH among all types.

of the solutions was adjusted with a Metrohm 691 pH meter  Surprisingly, with a concentration of 5and 10 mM of SBE-
(Metrohm, Herisau, Switzerland). B-CD (but not with 20 mM), each enantiomer of APO was



Table 1

Resolution ofR, S-apomorphine with different cyclodextrins

CD type CD concentration  Selectivity  Resolution  Mig.
(mM) order
B-CD 5 1.03 1.69 R,S
Me-3-CD 10 1.06 4.46 R,S
HP-3-CD 5 1.06 4.39 R,S
10 1.07 4.90 R,S
20 1.07 5.73 R,S
CE-3-CD 5 1.05 3.39 R,S
SBE-CD? 5b 1.12 6.11 S,R
10° 1.08 5.34 S.R
20 1.14 9.79 S,R
SB-CD? 5 - - -
HDAS? 5 - — —

@ Obtained at reversed polarity.

b Selectivity and resolution were calculated on peaks 2 andralite 2

giving two similar peaks, even with a freshly prepared solu-
tion (Fig. 1a). The picture obtained with a one-day-old so-
lution was more complicated, as shownhig. 1b, where
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ing was then continued with more efforts to interpret this

phenomenon.

3.2. Studying the complexes with SBED

There were at that time two assumptions to explain for this
‘4-peak-phenomenon’:

e First assumption: Only two out of the four main peaks are
R,S-APO. The other two are two main degradation prod-
ucts. Because of the fast oxidation of APO, it is quite pos-
sible that the amount of anti-oxidant was not adequate,
and decomposition already took place in solution after

10-15 min.

e Second assumption: All four peaks are peaks from apo-
morphine, formed by different complexation ratios with
SBE{3-CD. If this assumption is correct, different concen-
trations of SBEB-CD would be able to change the ratio
of the areas of the two peaks corresponding to one enan-

tiomer.

peaks 1 and 2 are the main peaks from S-APO and 3, 4 areTo test the first assumption, we tried various anti-oxidants
from R-APO. However, the double peaking phenomenon did that have been suggested in literature for APO stabilisation:
not occur when apomorphine solution was made in HBSS sodium metabisulfit§10,11,14] sodium thiosulfat¢12,15]
(also with 0.005% mercaptoethanol): only two peaks were and ascorbic aciid5,17] all at 10 mM, and mercaptoethanol
detected from the racemic mixture. To find out the reason for at 0.1%. With sodium thiosulfate and mercaptoethanol, the
the change in peak profile, every component of HBSS was solutions were colored after one or two days only. Sodium
added one by one to the APO solution. It was realised that metabisulfite could delay the coloration of the solution longer,
sodium chloride (at a concentration as high as 0.2 M) was thebut the best anti-oxidant was ascorbic acid. With ascorbic
reason. On the other hand, after three to five runs with the acid, the solution only turned slightly greenish after one
buffer containing 5mM SBEB-CD, these two peaks from  week. Therefore, ascorbic acid was chosen to replace mer-
each enantiomer also merged, and the peak shape detericeaptoethanol as the anti-oxidant. However, with all the tested
rated. This change was supposed to result from a very fastanti-oxidants, the same double peaking phenomenon was still
observed, which suggested that this assumption could be ex-
could already have migrated into the outlet vial. The screen- cluded.
For the second assumption, buffers containing different
concentrations of SBB-CD were used to analyse APO dis-
solved in an aqueous solution of 10 mM ascorbic acid. At all
nine investigated concentrations from 2 to 10 mM, four peaks
were found. Ratios between the corrected areas of peaks 2/1
and peaks 4/&(g. 1) and selectivity of each pair are reported
in Table 2 The variation of the ratio of corrected peak areas

buffer depletion, because a significant portion of SBED

0.007-
0.006"
0.005"

- 0.004 (p
0.003"
0.002°

0.0017

Fig. 1. Electropherograms of R,S-APO, with BGE of 100mM Tris—
phosphate buffer pH 3.0 containing SBE 5 mM,uf8 i.d., 50 cmLy cap-
illary at 25°C, applied voltage 20kV, detection at 270 nm, in (a) a fresh

Minutes

solution and (b) a one-day-old solution.
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Table 2

Influence of SBE3-CD concentration on the ‘4-peak-phenomenon’

SBE$-CD
concentration (mM)

S-APO (peaks 2/1) R-APO (peaks 4/3)

Selectivity Ratio corr. Selectivity Ratio corr.

area area
2 1.10 0.50 1.13 0.12
3 1.09 0.65 111 0.32
4 1.08 0.96 111 0.44
5 1.09 1.17 111 0.50
6 1.08 1.07 1.10 0.67
7 1.08 0.77 111 0.76
8 1.08 0.83 111 0.99
9 1.07 0.26 1.10 1.20
10 1.07 0.32 1.10 1.38
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suggests that the formation of more than two peaks was duecalculations are different depending upon the equilibrium

to different forms of the complex. mode. We propose two different modes: mode 1 when the 1:2
With this assumption, it is presumed that for each enan- complex is formed through the formation of 1:1 complex,

tiomer, one peak is due to the 1:1 ratio complex, and the otherand mode 2 when 1:1 and 1:2 complexes are formed indepen-

is another ratio complex (1:2 or 2:1 analyte—selector). dently, or in other words, the analyte is engaged and disso-
For the 1:1 complex: ciated concurrently from the two molecules of cyclodextrin.
% Mode 1:
1
A+S=AS e K>
A+ 2S=AS+ S=AS,

the experimentally measured electrophoretic mobilityis . o .
the weighted average of the mobilities of the analyte in the  In this second-order equilibrium, the total mobility

free and complexed forms: would be dependent on the mobilities of three different forms:
ua of the free analyteuas of the 1:1 complex, anflas, of

w=apa+(1—a)uas (1) the 1:2 complex.

whereua anduas are the electrophoretic mobilities of the Eq. (1)becomes:

free a_nalyte ar_1d the analyte—se_lector cpmplex, respectively,;, — qup + Buas + (1 —a — Buas, (5)

andq is the ratio of free analyte in the mixture:
where

oo AL @ [A]

[A] +[AS] o

(Al +[AS] + [AS]]
On the other hand, the equilibrium constant of the

analyte—selector complex can be define& (3} and [AS]
B =
- [AS] 3) [A] +[AS] + [AS7]
[AllS] With
The substitution oEgs. (2) and (3)nto Eq. (1) after re- [AS]
arrangement and consolidation gives the following relation- K1 = TAIIS]
ship:
F; . . ) . and
e g e @ g, RS
W — 1A 1 MAS — UA HAS — HA [AS][S]

The electrophoretic mobility of the chiral compound in the rearrangement and replacementagf 8, K1, and Ky into
free statqua can be experimentally measured in the absence Eq. (5)gave the following equation: o

of chiral selector, and Li{ — ua) can therefore be plotted 2
over 1/[S]in alinear relationship. From this linear regression, ,, _ ,,, — (nas — na)Ki[S] + (nas, — na)K1K2[S]
usually called double reciprocal methid®,19], the mobility 14 K1[S] + K1K2[S]?

of the fully complexed formuas as well as the formation (6)

constant of the complei; can be determined. After dividing both numerator and denominator on the right

The experimental data of all four peaks were fitted to this gjqe ofEq. (6)by K1K[S]?, rearrangement gives &, (7)
equation. Only peaks number 2 andHg. 1) showed a lin- '

ear relationship, with correlation coefficientsref= 0.9967 Cp = (nas, — na) + ((mas — na)/K2) x (1/[S])
andrs = 0.9993 for S-APO and R-APO, respectively. The 1+ (1/K2) x (1/[S]) + (1/K1K2) x (1/[S]?)
calculated results are presentedable 3 (7)

The other two peaks, with higher mobilities, would
consequently represent 1 analyte—2 selector complexes. Th
formation constant of this complex, however, could not be de-

If 1/[S] and (u — ua) are taken as variablesandy, Eq. (7)
Sill be in the form of the following function:

termined as easily as the previous one, since the mixtureelut-. _ a+bx ®)
ing within this one peak can be of diverse composition. The 1+ cx + dx?
Table 3
Calculation of complexation constant
Complex ratio S-APO R-APO

1:2 (peak 1) 1:1 (peak 2) 1:2 (peak 3) 1:1 (peak 4)
Correlation coefficient 0.9984 0.9967 0.9893 0.9993
Formation constari (M~1) 4.02 3.75 1.56 1.63

[As OF ias, (x10~4cm?V—1s7) 8.35 7.82 8.13 7.37
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wherea, b, ¢, andd are unknown parameters to be estimated  0.045- -0.045

by data fittings, and H_MJL’—"_'
0.040+ -0.040

HAS — A
a = AS, — LA b= ———
K>
0.035- -0.035
1 1
C = — d =
K> K1K? 0.0301 ’ ~0.030
|
. . . . |
Experimental data were fitted by non-linear regressionac- o511 W . L0.025
cording toEg. (8) The non-linear regression was performed 2 ! =
with the support of two different softwares, Statistica6.0and | .,/. L.t <
Sigmaplot 2001. Unfortunately, results of the fittings showed .
a very poor fit of experimental data to this equation, indicat- 5 015_{ reets oy
ing that mode 1 did not provide a reliable explanation of the ' '
observed phenomenon. | —
Mode 2 is when 1:2 complex is formed independently: Lol | S '
K 4 L
A + 25 AS; 0.005 0.005
The formation constant of the second-order comptex o‘ooo‘ﬂ_ -0.000
would depend only on mobilities of the free analyte and the w = - ! . w !
. 2 4 6 8 10 12 14
1:2 complex, andEq. (4)become<q. (9) il
1 1 1 1 1
) Fig. 2. R,S-APO in 0.2M NaCl, with BGEs containing 1, 2, 4, 6, 8, and

= x— x4+ -
_ _ 2 _
w—na Kz o pas, —ua  [S] HAS; — KA 10 mM SBE$-CD, respectively, from top to bottom.

Data from peaks 1 and 3 were fitted to this equation again
by linear regression, with 1/[8hnd 1/« — j1p) as variables  staticinteraction of the weakly charged apomorphine with the
x andy. Correlation coefficients weng = 0.9984 and3 = cyclodextrin, and this might be the reason why the formation
0.9893 for S-APO and R-APO (sd@able 3. The formation of different complexes of analyte—selector was not possible.
constants of the complexes and the theoretical mobilities of To test the influence of ionic strength, sodium chloride was
the fully complexed form of 1:2 ratipas, Were also calcu-  replaced by another salt. Potassium phosphate was added to
lated. the sample solution at the same concentration as NaCl, and

Each enantiomer was proposed to form two complexes the sample was analysed at different concentrations of SBE-
with similar equilibrium constants, but the estimated con- B-CD (2, 4, 6, 8, and 10 mM). As expected, the phenomenon
stants of complexes with S-APO were higher than those with of four peaks was indeed not observed. However, the actual
R-APO. This might be the reason why the two peaks of R- mechanism of the influence of ionic strength on the stoi-
APO were migrating slower than S-APO peaks, although cal- chiometry of the complexes could not be easily described.
culateduas anduas, of R-APO were not much lower than Although the presence of NaCl in the sample solution
those of S-APO. It might be suggested that the phenomenoncould avoid the formation of different complexes with SBE-
of four peaks results from the formation of different complex (-CD, it was still decided to choose HRCD for the next
ratios between analyte and selector. The two early migratingstep of method development. This type of CD presented
peaks (no. 1 and 3) were 1:2 complexes whereas the two latebest stereoselectivity among the remaining cyclodextrins
peaks (no. 2 and 4) contained 1:1 complexes. (Table J).

The screening of SBIB-CD concentration was also per-
formed with a high ionic strength solution of APO, containing 3.3. Method development with HRCD
0.2M NacCl.Fig. 2 presents the change with different con-
centrations of SBEB-CD, from 1 to 10 mM. In consistence  3.3.1. Choosing conditions for optimisation
with the observation irSection 3.1 only two peaks were To shorten the analysis time, the capillary total length was
found. A possible explanation for the differences observed decreased to 40 cm. A shorter length would no longer main-
with the absence and presence of NaCl in the sample solu-tain reasonable resolution. Normal polarity was used, result-
tion could be the role of ionic strength of the sample solution. ing in a reversed migration order, with R-APO being the first
The analyte—cyclodextrin interactions in the solution were peak. The degradation products migrated later than the two
mainly inclusion and electrostatic interactions (since apo- main peaks. The use of a lower temperature®’@pPwas also
morphine and SBER-CD were oppositely charged). When explored, but the peak shape improvement could not compen-
NaCl was present in the sample at a very high concentrationsate for the longer analysis time. Therefore, it was decided to
(0.2 M), the high ionic strength could minimize the electro- keep the capillary temperature at 5.
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Resolution
Efficiency
Resolution

Efficiency
Current

(d) (e) U]

Fig. 3. Optimisation response surfaces of: (a) resolution and (b) efficiency (theoretical plates) watCERoncentration and buffer pH as variables; (c)
resolution, (d) efficiency, (e) current, and (f) analysis time with B#€£D concentration and voltage as variables.

Three critical parameters were chosen as factors for  Finally, the optimum pointwas chosen at pH 3.0, 14 mM of
optimisation: concentration of HPB-CD, pH of the HP8-CD and 16 kV. A typical electropherogram is presented
Tris—phosphate buffer, and voltage applied. More experi- in Fig. 4.
ments were also performed to define the investigation range  For the best sensitivity, injection time was increased up
of each parameter, which were finally set at: 5.0-25.0mM to 10s at 3447.4 Pa (0.5 psi), the highest possible limit with
HP{-CD, pH 2.0-5.0, 10-30kV.

Responses to be considered were: resolution between the
two enantiomer peaks, total analysis time, generated current

R-apo

number of theoretical plates, and symmetry factor calculated 0.012; £0.012
on the S-APO peak. — —_—
o

3.3.2. Optimisation results 0.0081 & 000

Results of the optimisation study showed that resolution " = 0006
would be maintained higher than 4.5 within the range of <™ =
12.5-17.5mM HRB-CD and at pH 2.5-3.5Hig. 3a). The 0.004 -0.004
efficiency of the system (expressed in number of theoretical
plates), fortunately, had the same optimum area in function of ~ 0-002] J 10.002
pH and HPB-CD concentrationKig. 3b). The influer)ce of 0000 gl 0,000
voltage on these two parameters, however, was slightly dif- g
ferent. The best resolution was achieved at 10-20 kV while 5 6 7 8 9 10
the best efficiency is observed at 15-25 kg 3¢ and d). Minutes

On the other hand, the generated current was below.200 Fio. 4. Electrooh ¢ oot int with BGE of 100mM

. . - ] ig. 4. Electropherogram at optimum point wi 0 m
onlyin th,e region of 10-15k\Kig. 3e), whereas only a volt . Tris—phosphate buffer pH 3.0 containing 14 mM BFED, 16 kV at nor-
age Of_h|9her than 15kV could offer a reasonable analysis gy polarity ( = 98.A), 75um i.d. fused silica capillary, 40 ctar, 30 cm
time (Fig. 3). Lg at 25°C.
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which sufficient resolution and good peak shape was still Repeatability of migration time
maintained. A longer sample plug could lead to peak splitting. 8,0 -

3.4. Method validation

The final conditions chosen for method validation are:

- Capillary: uncoated fused-silica capillary @ii.d., 40 cm
Lt (30cmLE), kept at 25 C.

Migration time
-~
N

—e— Series (a)

- BGE: 100 mM Tris solution, adjusted by 100 mMsPIOy 6.8 —a— Series (b)
to pH 3.0.
- Chiral selector: 14 mM HEB-CD dissolved in the above L ‘ ' : '
BGE 0 5 10 15 20
’ . Injection No.
- Voltage: 16 kV, at normal polarity.
- Detection: UV at 270 nm. Fig. 5. Variation of migration time during 20 consecutive injections.

- Washing: daily wash with 5min 0.1 M NaOH, then 5min  Between-run wash with (a) NaOH, water, and buffer, and (b) only buffer.
H>0O. Between-run wash: 0.5min 0.1 M NaOH, 0.5min
H20 and 1.0min running buffer. All set at 137.9kPa  six injections of 10uM R-APO either from a single-isomer
(20 psi). solution or from an enantiomers mixture offered the same

- Sample preparation: apomorphine solutions were preparedr s p. of 1.7% on corrected peak area. The R.SiD: 6)
in 0.2 M NaCl with 10 mM ascorbic acid as anti-oxidant. of 100puM S-APO in a single-isomer solution, or from an

Injection 10, at 3447.4 Pa (0.5 psi). enantiomers mixture was 1.2 and 1.8%, respectively.
3.4.1. Sensitivity 3.4.3. Linearity
At270 nm, the limit of detection (LOD) was OpM (with Linearity was checked on solutions containing both enan-

signal-to-noise ¥N) ratio of 3) and the limit of quantitation  tiomers, with nine concentrations of each enantiomer ranging
(LOQ) (SN = 10) was 1.uM, all measured with R-APO.  from 1.0 to 10QuM. Each of the nine concentration points
Since with this method background noise was not very high (1.0, 2.0, 5.0, 10, 20, 40, 60, 80, and }0d) was injected

at the other maximum absorbance wavelength of 200 nm, thethree times. The correlation coefficients wege= 0.9997

LOD and LOQ were determined again at this wavelength andrs = 0.9996 within the investigated range. Obtained lin-
for both enantiomers. Sensitivity was actually improved at ear equations wergs = 414.% — 66.4 andys = 253.& —

200 nm, withan LOD and LOQ of 0.2 and Qud/1 for R-APO, 36.9 wherex is APO concentrationgM) andyg, ys are the

and 0.3 and 0.BM for S-APO, respectively. All subsequent  corresponding corrected peak areas of R- and S-APO, respec-
experiments were performed at 200 nm. tively.

3.4.2. Repeatability 3.5. Example of sample analysis in an in vitro transport

A solution of 100uM R-APO was injected 20 times  study
consecutively. The R.S.D. was 4.1% on migration time, and
3.8% on corrected area of apomorphine. However, it was 3.5.1. Transport experiments
observed that the migration time was gradually increasing  Transport of apomorphine enantiomers was studied using
with time (Fig. 5, series a). This increase was due to the anin vitro cell culture system of the intestinal mucosa, i.e. the
change of the capillary surface, but not to buffer depletion human colon adenocarcinomacellline (Caco-2). Caco-2 cells
as with SBEB-CD, because the use of new buffer did not were grownin 75 crhculture flasks at 37C in an atmosphere
influence the tendency. To avoid the change of capillary of 5% CQ, and 90% relative humidity. Cells were cultured
surface, different between-run washing procedures wereaccording to the standard conditions described bg&iE
tried. The best result was found with a wash only with the  Transport medium (TM) consisted of HBSS containing
running buffer for 1 min. However, the migration time kept 25 mM p-(+)-glucose and 10 mM MES (pH was adjusted to
changing. The daily wash used before was therefore adapted.5 with HCI 1 M). The TM used for solutions of APO also
by adding 2 min rinsing with running buffer and a 20 min run contained 10 mM ascorbic acid forimproved stability of APO
under avoltage of 15-20 kV to achieve an equilibration of the (pH adjusted with sodium hydroxide 2 M to 6.5).
capillary surface. The repeatability test was done again with ~ Caco-2 cells were plated on Co&afranswell membrane

this washing procedure, and an R.S.D. of 0.68% R0) was inserts (3um pore diameter, 12 mm diameter; Corning Inc.,
found on migration time, and 2.6% on corrected peak areaNY) at a density of 40,000 cells/énand the monolayers
(Fig. 5, series b). were used 21-25 days post-seeding. A constant volume of

The repeatability study was applied with this washing pro- 0.5 and 1.5 ml was used at the apical side and the basolateral
cedure on both enantiomers, either alone or in a mixture. side of the monolayer, respectively.
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Table 4
R-APO concentrationgM) in each compartment after 60 min of apical-basolateral transport

Replicates Rep 1 Rep 2 Rep 3 Rep 4 Average R.S.D. %
R-APO Apical side 81 82 76 80 80 .3
Concentration¢M) Basolateral side 8 6.0 6.2 7.4 6.9 137

Before initiating the transport process, the monolayers
were washed three times with TM, and a pre-incubation step
of 30 min was used also in TM. The transport study was per-
formed in both directions: from the apical to the basolateral
side fi=4) and from the basolateral to the apical side @).

For each transport direction, three conditions were tested: R-
APO 100uM, S-APO 100uM, and R,S-APO each 1Q0M.
After 60 min of incubation, samples were collected from both
donor and acceptor compartments for sample analysis.

3.5.2. Sample analysis

Although TM contains a large amount of different salts,
the samples could be analysed directly without any sample
preparation step. The concentration of APO in the samples
was determined immediately after the transport stUidlyle 4
gives an idea of the variability on R-APO concentration mea-
sured.

tration of apomorphine used, no active carrier systems affect
the transepithelial transport of apomorphine.

4. Conclusions

The developed method was proved to be fast and efficient.
The detection limit in theuM range facilitates the use of this
method for the in vitro transport experiment of apomorphine
enantiomers. During method development, it was realised
that the use of certain chiral selectors at a certain concen-
tration could yield different peaks corresponding to different
complexed forms. The formation constants of the complexes
between 1 apomorphine and 1 or 2 SBE=D molecules
were proposed. Itis interesting to describe this phenomenon,
which has not been reported so far.

The results of the analysis during transport experiments

Results of the transport experiments were expressed ashowed the feasibility of the developed method with samples

permeability coefficient®app (cm s™1):

_AQ 1
WP AL T AC

whereAQ/Atis the amount of drug appearing in the acceptor
compartment in function of time (nmol/sEo is the initial
concentration in the donor compartmept), andA is the
surface area (cf)across which the transport occurréiy. 6
presents the average permeability coefficiettS.p.) of R-
and S-APO, alone and in mixture, in both directions.

No polarity or stereoselectivity in transport could be ob-
served with these experiments. This means that at the concen

JF
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8P ‘ CAp-BL [CBL-Ap ‘

w

3,0

2,5

T H

JF

2,0

1,6

PappX 107 (cm/s)
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Fig. 6. Apparent permeability coefficien®P4pp) for R- and S-APO in the
Caco-2 model after application of 10 of R-, S- or R,S-APO to the donor
compartment. Results are expressedPasp (x 105cms?! + S.D.). (Ap-

BL: transport from the apical to the basolateral side, absorptive transport;
BL-Ap: transport from the basolateral to the apical compartment, secretory

transport) (Ap-BL:n = 4; BL-Ap: n=3).

from transport studies, where apomorphine has to be deter-
mined in a solution of high ionic strength. Despite the pres-
ence of a lot of different salts, no special sample preparation
was required.
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