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Abstract

A uniformly sized molecularly imprinted polymer (MIP) for atropine has been prepared. The MIP was prepared using 2-(trifluoromethyl)
acrylic acid and ethylene glycol dimethacrylate as a functional monomer and cross-linker, respectively, by a multi-step swelling and thermal
polymerization method. The selectivity factor, which is defined as the ratio of the retention fdgtorsthe molecularly imprinted and
non-imprinted polymersimprinted Knon-imprintea Was 2.2 for atropine on the MIP. The obtained MIP was applied for the determination of tropane
alkaloids (atropine and scopolamine) in a commercial gastrointestinal drug by a column-switching HPLC system, consisting of an MIP
material as a pre-column, and a conventional cation-exchange analytical column. An interference peak was observed at the retention time of
atropine derived from pre-column. However, since the peak area was less than 0.5% the peak area of atropine of a standard solution under the
analytical conditions of this study (Opdy of atropine was loaded), this interference was negligible in the determination of atropine. On the
other hand, no interference peak was observed at the retention time of scopolamine. Calibration curves of atropine and scopolamine showed
good linearity in the range of 0.02—-Qu@/ml (r =0.9999) and 0.003-0.Q8y/ml (r = 0.9998), respectively. The mean recoveries of atropine
and scopolamine from a placebo pharmaceutical preparation sample were 98.9 and 99.9%, respectively. The intra-day precision (measured
by relative standard deviation, R.S.D. (%)) of both ingredients was less than 2.0%. The optimized column-switching system was applied
successfully to the determination of atropine and scopolamine in a commercial gastrointestinal drug.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction A number of analytical methods have been reported
for the determination of tropane alkaloid&], such as
Scopolia extract is an important crude drug for the treat- thin-layer chromatographj?2], gas chromatographis,4],
ment of gastrointestinal diseases, cardiopathy and Parkin-capillary electrophoresi®&—7] and high-performance liquid
son’s disease. Scopolia extract contains tropane alkaloids,chromatography (HPLJB-10].
such as atropine (racemic hyoscyamine) and scopolamine, as However, even when using these methods, the determi-
the main ingredients. The structures of atropine and scopo-nation of tropane alkaloids in pharmaceutical preparations
lamine are shown ifig. 1 often requires several complicated sample preparation pro-
cesses, such as extraction, concentration and/or derivatiza-
~« Corresponding author. Tel.: +81 48 669 3047: fax: +81 48 663 1045, UON- This is because the dosage level of scopolia extracts
E-mail addressmasanori.nakamura@po.rd.taisho.co.jp are generally very low (the total alkaloid content calcu-
(M. Nakamura). lated as the free base is 0.90-1.09% of the scopolia extract
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CH, CH, Table 1
L Content of each active ingredient in a commercial gastrointestinal

N N
ﬂl—x preparation
o -
GH,0H CI]IZOH Ingredients Content (mg/one

0OCO—CH OCO—CH day dose)
Scopolia extract 3 triturated powder 90
(Total alkaloids @®9)
Sofalcone 300
Neusiline (magnesium aluminometa 900
Atropine Scopolamine silicate)

Sodium hydrogen carbonate 600

Fig. 1. Structures of atropine and scopolamine. Other compounds 1010

[11]) and impurities from large doses of other crude drugs _
or ingredients usually interfere chromatographically. Al- 2. Experiment
though these pre-treatment operation processes are essen-
tial, they are time-consuming and involve the possibility 2.1. Materials
of generating experimental errors in the final determination
results. Ethylene glycol dimethacrylate (EDMA) and 2-
As a simple and convenient means for concentration and (trifluoromethyl)acrylic acid (TFMAA)24] were purchased
purification of low concentration analytes in complex matri- from Tokyo Chemical Industry (Tokyo, Japan). These
ces, So|id_phase extraction (SPE) is knc[m] Particu|ar|y’ monomers were purified by general distillation tEChniques
SPE based on molecularly imprinted polymers (MIPs), which in vacuo to remove the polymerization inhibitor. Also
show high selectivity in rebinding the template (target ana- Purchased were 2;Azobis (2,4-dimethylvaleronitrile)
lytes), have achieved selective enrichment and pre-treatmenfrom Wako (Tokyo, Japan), and atropine, from Sigma-
of target analytes in complex matrida8]. Theodoridisetal. ~ Aldrich Japan (Tokyo, Japan). The reference standards of
[14] reported the MIP for hyoscyamine prepared by a typical Scopolamine hydrobromide and atropine sulfate were pur-
bulk polymerization method as off-line SPE, and they applied chased from the Japanese Pharmacopoeia (Tokyo, Japan).
it to the selective extraction of scopolamine from biological Scopolia extract 3 triturated powder raw material was
samples. purchased from Alps Pharmaceutical Ind. Co. Ltd. (Gifu,
When compared with an off-line mode, on-line SPE cou- Japan). HPLC-grade acetonitrile was also obtained from
pled to an HPLC system is advantageous for routine qual- Wako. A CAPCELL PAK SCX column (15mm 4.6 mm
ity control analysis of pharmaceutical preparations, becausel-d.) was obtained from Shiseido (Tokyo, Japan). Other
it allows easy automation with high sample throughput and reagents and solvents of analytical-reagent grade were
good repeatability, thus, analysis can be accomplished withinused without further purification. Water purified with a
a shorter time[15]. MIPs for on-line SPE have already Milli-RO 60 water purification system (Nihon Millipore
been widely applied to biological and environmental anal- Tokyo, Japan) was used to prepare the eluent and the sample
yses[16—18] solution.
Therefore, our aim was to prepare an MIP for atropine
suitable for on-line SPE and apply it to an on-line pre- 2.2. Preparation of uniformly sized MIP for atropine;
treatment device to determine tropane alkaloids in pharma- multi-step swelling and polymerization method
ceutical preparations produced using HPLC. To achieve this
objective, we prepared a uniformly sized MIP for atropine ~ Preparation of the uniformly sized MIP for atropine as
using a multi-step swelling and polymerization method. This well as the non-imprinted polymer (NIP) was carried out as
method allows for the facile preparation of spherical particles described in a previous papf9], by a multi-step swelling
with a narrow particle distribution; making it suitable for as and polymerization method. The molar amounts of atropine,
an HPLC packing materil9-23] TFMAA and EDMA as shown ifTable 2were used as a tem-
In this study, the retentive property of atropine and scopo- plate, functional monomer and cross-linker, respectively. The
lamine on the MIP obtained was evaluated. Further, the
MIP was applied to determination of tropane alkaloids in a Table 2
commercial gastrointestinal drug using a column-switching Molar amounts of template (atropine), functional monomer (TFMAA) and
HPLC system. As a result, simultaneous determination of at- cross-linker (EDMA) used for the preparation of MIP for atropine and NIP
ropine and scopolamine ina commercial gastrointestinal drug
(Table 1) was successfully achieved by an optimized column-

Amount (mmol)

switching system without complicated pre-treatment. Valida- Template TEMAA EDMA
tion of this atropine and scopolamine determination method ’l\\l"l's E ; ég

is also described.
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prepared polymers were packed into stainless steel columns The pre-column packed with MIP (10 mmm4.0 mm

(B0mmx 4.6 mm i.d. and 10 mmnx 4.6 mm i.d.) by a slurry i.d) was equilibirated with potassium dihydrogenphos-
packing technique using methanol-2-propanol (2:1, v/v) as phate and dipotassium hydrogenphosphate buffer (pH 6.0;
the slurry and packing solvents. 25 mM)—acetonitrile (80:20, v/v) (eluent A), and 4Q0of a

sample solution was loaded. The pre-column was washed for
5 or 10 min with the eluent A at a flow rate of 0.5 ml mihto
remove other compounds. Then, the six-port switching valve
was actuated, and atropine and scopolamine retained on the
pre-column was swept to the analytical column (CAPCELL

2.3. Evaluation of MIP for atropine

The HPLC system used was composed of an LC-10AD
pump, SPD-10AV spectrophotometer, CTO-10AC column PAK SCX UG-80, 15cmx 4.6 mm i.d.) in the back-flush

oven, and C-R7A plus integrator (Shimadzu, Kyoto, Japan). : . .
s p . mode by potassium dihydrogenphosphate and phosphoric
The flow rate was maintained at 0.5 ml min Detection was acid buffer (pH 3.0; 50 mM)—acetonitrile (80:20, v/v) (elu-

performed at 210 nm. Retention factors were calculated from
the equatiork=(tr — tg)/tp, Wheretr andtp are retention
times of retained and unretained solutes, respectively. The

retention time of unretained solute, was measured by was switched back after 5 min and equilibrated with eluent A.

injecting acetone. The selectivity factor is calculated from Atropine and scopolamine were separated on the analytical
the equatiorS= kimprintedKnon-imprinted Wherekimprinted and column with eluent B.

Knon-imprinted @re retention factors on the MIP and NIP, re-

spectively. All separation were carried out at°8 The

eluent were prepared by using phosphoric acid, potassium2.5. Procedure for preparation of sample and standard
dihydrogenphosphate, dipotassium hydrogenphosphate andolutions

acetonitrile. The eluent used is specified in the legends of

figures. To determine the ingredients in a commercial gastroin-
testinal drug Table ), a representative number of tablets
(usually 20) were accurately weighed and finely powdered.
An adequate amount of a sample (equivalent to about 7 mg
of scopolia extract 3 triturated powder) was weighed accu-
rately and 20 ml volumes of 0.5 mol} hydrochloric acid so-
lution were added accurately. The mixture was sonicated for
15 min and centrifuged at 3500 rpm for 10 min. Five millil-
itre of the supernatant was accurately pipetted and sodium
hydroxide solution was added to adjust the pH to 6.0, then
potassium dihydrogenphosphate and dipotassium hydrogen-
phosphate buffer (pH 6.0; 50 mM) was added to produce ex-
actly 10 ml (sample solution). The final atropine and scopo-
lamine concentration of sample solution was about 0.5 and
0.05ug mi~1, respectively. The reference standards of scopo-

ent B) at the flow rate of 1.0 mI mirt. The pre-column and
analytical columns were operated at’4Dusing the column
oven. Detection was performed at 210 nm. The pre-column

2.4. Application of MIP for determination of atropine
and scopolamine

In addition to the HPLC system described above, an
LC-10AD pump and a six-port switching valve (FCV-
12AH,Shimadzu, Kyoto, Japan) were usédy. 2 shows a
schematic diagram of column-switching HPLC system em-
ployed in this study.

> Injector

Waste lamine hydrobromide and atropine sulfate were weighed and
diluted to concentrations similar to those in the prepared sam-
ple solution (standard solution). These solutions were an-

i alyzed in 40Qul volumes under the HPLC conditions de-
él scribed above.
Pretreatment <
Pretreatment column 3. Result and discussion
) ( MIP P pump 2 =3
— 3.1. Preparation and Evaluation of TFMAA-EDMA
b .- polymers
: >
{ ] Analytical Approximately 5 g of MIP and NIP were obtained, under
Analytical column i eluent B the conditions given ifTable 2 The optical micrographs of
Detector MIP and NIP were shown ifrig. 3. Good size uniformity

was obtained and there was no difference in the shape of the

Fig. 2. A schematic diagram of the column-switching HPLC system used pamCIeS of both polymers. The average pamde diameter of
in this study. Solid line: pre-treatment step, dotted line: separation step.  these polymers was aboufuh.
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Fig. 3. Optical micrographs of atropine-imprinted TFMAA-EDMA (A) and non-imprinted TFMAA-EDMA (B) particles prepared by multi-step swelling and
polymerization method (200x magnification).

3.2. Selectivity of the atropine-imprinted by molecular imprinting effect. Since the retention ability of
TFMAA-EDMA polymer MIP for atropine and scopolamine was higher than that of
NIP, MIP was used for the following experiments.
Selectivity of the atropine-imprinted TFMAA-EDMA

polymer toward atropine and scopolamine was examined.3.3. Retention properties of atropine and scopolamine

Fig. 4 shows chromatograms obtained with a @g#in- on the atropine-imprinted TFMAA-EDMA polymer
jection of atropine standard solution on atropine-imprinted
TFMAA-EDMA (MIP) and non-imprinted TFMAA-EDMA Fig. 5 shows the effects of eluent pH on the retention

(N|P) columns. The retention factors for atropine on the MIP properties of atropine and sc0p0|amine on MIP column. The
and NIP were 3.7 and 1.7, respectively. The selectivity fac- maximum retention factors of atropine and scopolamine were
tor for atropine was 2.2. Further, the selectivity factor for observed at eluent pH values of 7.0 and 6.0, respectively. The
scopolamine was 1.5 (data not shown). These results conetention of atropine and scopolamine is thought to be caused
firmed that the obtained MIP has selective retention proper- by ionic interactions between positively charged amino
ties for atropine and for its structurally related compounds groups of these basic compounds and negatively charged
TFMAA-EDMA polymer in the neutral pH ranges. The

I 0.004 AU .
atropine
30 F —=e@— atropine
- - & - - scopolamine
25+
20 -
NIP e
15
atropine
10 F
5 L
MIP
| I | | Y 15
0 5! 10 15

Retention time [min]

Fig. 5. Effect of eluent pH on the retention properties of atropine and scopo-
Fig. 4. Chromatograms of atropine on atropine-imprinted TFMAA-EDMA  lamine on atropine-imprinted TFMAA-EDMA (MIP). HPLC conditions:
(MIP) and non-imprinted TFMAA-EDMA (NIP). HPLC conditions: col- column size, 50 mrd:- 4.6 mm i.d.; eluent, potassium dihydrogenphosphate
umn size, 50 mrt: 4.6 mmi.d.; eluent, potassium dihydrogenphosphate and and dipotassium hydrogenphosphate buffer (phosphoric acid or potassium
phosphoric acid (pH 3.0; 10 mM)—acetonitrile (50:50, v/v); column tem- hydroxide were added to adjust pH if necessary) (50 mM)—acetonitrile
perature, 30C; detection, 210 nm; flow rate, 0.5 ml miky amount loaded, (50:50, v/v); column temperature, 3G; detection, 210 nm; flow rate,
0.4pg (atropine). 0.5 mlmir?; amount loaded, 0.4g (atropine and scopolamine).
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result suggests leakage of the imprint species from the pre-
column. It has been reported that even thorough washing of
the imprinted materials results in appearance of a peak corre-
sponding to the imprint specigk’]. However, since the peak
area was less than 0.5% of that of atropine of the standard
solution, this interference was negligible under the analytical
conditions in this study; a loading of Ou2) of atropine. Fur-
ther, no interference peak was observed at the retention time
of scopolamine.

atropine

0.002 AU

scopolamine

//

-=—— atropine

L 3.5. Validation data for determination of atropine and
scopolamine in a pharmaceutical preparation

\ T T T T T T T 3.5.1. Linearity
0 10 20 30 0 10 20 30 The quantitation linearity of atropine and scopolamine in
Time [min] Time [min] standard solution was examined. For each ingredient, the re-
lationship between peak area and concentration was calcu-
lated. In each case, straight regression lines with a correlation
coefficient ¢) above 0.999 were obtained. The intercept val-
average K4 value of the TFMAA-EDMA polymer is below ues did npt significantly vary fTOm zero (95%). 'I_'he deFection
9 [25],while the K, values of atropine and scopolamine limits estimated as a peak with a signal-to-noise ratio of 3,
and quantitation limits as a peak with a signal-to-noise ratio

are 9.7 and 7.g45],respectively. Using a neutral eluent, . i . L
atropine and scopolamine (analytes) were adsorbed ontoOf 10 of atropine and scopolamine with a 4@0injection

the MIP column. On the other hand, using an acidic or an volume are shown ifiable 3

alkaline eluent, the retention of analytes were decreased by

protonation of TFMAA-EDMA polymers at an acidic eluent  3.5.2. Specificity

pH or deprotonation of the amino groups of analytes at an  Fig. 7showsthe chromatograms of (A) a standard solution,
alkaline eluent pH. Therefore, optimal eluents selected were (B) a sample solution of a commercial gastrointestinal drug,
potassium dihydrogenphosphate and dipotassium hydro-and (C) a placebo sample solution of a commercial gastroin-
genphosphate buffer (pH 6.0; 25 mM) — acetonitrile (80:20, testinal drug. The peaks of atropine and scopolamine were
vlv) for pre-treatment, and potassium dihydrogenphosphateclearly separated from other components in the commercial
and phosphoric acid buffer (pH 3.0; 50 mM) — acetonitrile gastrointestinal drug.

(80:20, v/v) for analysis. Since atropine and scopolamine  An interference peak was observed at the retention time
were easy to hydrolyze in alkaline solutions, an alkaline of atropine derived from pre-column. However, the peak area

Fig. 6. Chromatograms of standard solution (A) and water (B) using column-
switching technigues. HPLC conditions are described in Seétibn

mobile phase was not chosen for quantitative analysis. was less than 0.5% of that of atropine of the standard solution.

This interference was negligible under the analytical condi-
3.4. Application of MIP for the determination of tions of this study (0.9 of atropine was loaded). Further,
atropine and scopolamine using a column-switching no interference peak was observed at the retention time of
procedure Scopolamine.

On the other handrig. 8 shows the chromatogram ob-

The obtained MIP was applied to the determination of at- tained when injecting the sample solution directly to the ana-
ropine and Scopo|amine ina pharmaceutica| preparation by|ytlca| column. In this case, Iarge amounts ofinterfering com-
a column switching techniquéig. 6 shows chromatograms ~ Pounds are detected. Particularly, the peak of scopolamine
obtained with 40Qul injections of standard solution and wa- Was completely hidden by an interference peak from sam-
ter using an MIP column and conventional cation-exchange Ple matrices; making it difficult to determine scopolamine.
column as a pre-co|umn and ana|ytica| column, respective|y_ These results indicate that the MIP can be favorably used for
A peak at 30 min appeared with no injection of atropine. This effective clean up of this sort of samples.

Table 3

Results of linearity study

Active ingredient Concentration ranged mi~1) r Intercept Slope LODygmi~1) LOQ (ugml—1)
Atropine 0.02-0.9 0.9999 —1200 485000 0.008 0.024
Scopolamine 0.003-0.09 0.9998 —380 392900 0.001 0.004

r, Correlation coefficient; LOD, limit of detection; LOQ, limit of quantitation.
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Fig. 7. Chromatograms of standard solution (A), sample solution (B) and control sample solution (C) using a column-switching HPLC system. Hieb€ condi
are described in Sectidh4.

3.5.3. Recovery and precision Table 4 N _ _
Recovery was assessed over the entire concentration rang&ecovery and precision of atropine and scopolamine
(75, 100 and 125%) by analyzing placebos spiked with 3 Active Added ) RecoverytR.S.D.  Average
triturated powder raw material solution at three concentra- ngredient (hgmi™)  (%.n=3) (%0.n=9)
tion levels. The solutions were replicated three times each, Atropine 0383 98.8+ 0.8
and the amounts determined were compared with theoret- ggég gg-éi g-g 9:;’ 5 0.5
ical amounts. The mean recoveries of atropine and scopo- ) ' ' (RS.D.=0.5%)
lamine from a placebo pharmaceutical preparation sampleScopolamine @353 98.9+ 1.5
were 98.9% and 99.9% respectivelyable 4. Adequate 0.0471 1006+ 1.6 999
; : 0.0589 100.1+ 1.6 (RS.D.=1.5%)
results for recovery were obtained for atropine and scopo- _ —
. R.S.D., Relative standard deviation.
lamine.
Precision was determined by measuring-@) each ac-
© tive ingredient in spiked placebos at the three concentra-
| o B tion levels. The intra-day precision (measured by relative
= é standard deviation, R.S.D. (%)) of both ingredients was
—— £ less than 2%. Atropine and scopolamine both showed good
o §% @ precision.
B =
g
i ; 3.6. Quantitative analysis of atropine and scopolamine
in a commercial gastrointestinal drug
Results of the determination of atropine and scopolamine
in a commercial gastrointestinal dru@aple ) performed
under the conditions shown fRig. 7 are given inTable 5
L Table 5
] Determination of atropine, scopolamine and total alkaloids contents in a
gastrointestinal preparation
Method Content (mg/one day dose) (R.S.D. (#63,4)
0 10 20 30
Time [min] Atropine Scopolamine Total alkaloids
This study 0263 Q027 Q290
Fig. 8. Chromatogram of the sample solution that has not been subjected @7 (22) @7

to MIP clean up. HPLC conditions: analytical column, CAPCELL PAK o
SCX (150 mmx 4.6 mm i.d); eluent, potassium dihydrogenphosphate and Modified 0270 Q022 291

phosphoric acid buffer (pH 3.0; 50 mM)—acetonitrile (80: 20, v/v) at Jpi4 (&) 12 @1)
1.0ml min*l; column temperature’ 4C; detection, UV absorbance at R.S.D., Relative standard deviation. Calculated amount of total alkaloids in

210 nm; injection volume, 40@I. the gastrointestinal drug is 0.29 mg/one day dose.
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